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INTRODUCTION

N A WARM SUMMER DAY just six months into the new

illennium, humankind crossed a bridge into a mo-

mentous new era. An announcement beamed around

the world, highlighted in virtually al major newspapers, trum-

peted that the first draft of the human genome, our own in-
druction book, had been assembl ed.

The human genome consists of al the DNA of our species,
the hereditary code of life. This newly revealed text was 3 bil-
lion letters long, and written in a strange and cryptographic
four-letter code. Such is the amazing complexity of the infor-
mation carried within each cel of the human body, that a live
reeding of that code at a rate of one letter per second would
take thirty-one years, even if reading continued day and night.
Rinting these letters out in regular font size on normal bond
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paper and binding them al together would result in a tower the
height of the Washington Monument. For the first time on that
summer morning this amazing script, carrying within it all of
the instructions for building a human being, was available to
the world.

As the leader of the international Human Genome Project,
which had labored mightily over more than a decade to reveal
this DNA sequence, | stood beside President Bill Clinton in the
East Room of the White House, along with Craig Venter, the
leader of a competing private sector enterprise. Prime Minister
Tony Blair was connected to the event by satellite, and celebra-
tions were occurring simultaneously in many parts of the world.

Clinton's speech began by comparing this human sequence
map to the map that Meriwether Lewis had unfolded in front of
President Thomas Jefferson in that very room nearly two hun-
dred years earlier. Clinton said, "Without a doubt, this is the
most important, most wondrous map ever produced by hu-
mankind." But the part of his speech that most attracted public
attention jumped from the scientific perspective to the spiritual.
"Today," he said, "we are learning the language in which God
created life. We are gaining ever more awe for the complexity,
the beauty, and the wonder of God's most divine and sacred
gift.”

Was I, arigorously trained scientist, taken aback at such a
blatantly religious reference by the leader of the free world at a
moment such as this? Was | tempted to scowl or look at the
floor in embarrassment? No, not a all. In fact | had worked
closaly with the president's speechwriter in the frantic days just
prior to this announcement, and had strongly endorsed the in-
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eluson of this paragraph. When it came time for me to add a
few words of my own, | echoed this sentiment: "It's a happy day
for the world. It is humbling for me, and awe-inspiring, to real-
ize that we have caught the first glimpse of our own instruction
book, previoudy known only to God."

What was going on here? Why would a president and a sci-
entist, charged with announcing a milestone in biology and
medicine, fed compelled to invoke a connection with God?
Aren't the scientific and spiritual worldviews antithetical, or
shouldn't they at least avoid appearing in the East Room to-
gether? What were the reasons for invoking God in these two
speeches? Was this poetry? Hypocrisy? A cynica attempt to
curry favor from believers, or to disarm those who might criti-
cize this study of the human genome as reducing humankind to
machinery? No. Not for me. Quite the contrary, for me the expe-
rience of sequencing the human genome, and uncovering this
most remarkable of al texts, was both a stunning scientific
achievement and an occasion of worship.

Many will be puzzled by these sentiments, assuming that a
rigorous scientist could not also be a serious believer in a tran-
scendent God. This book aims to dispel that notion, by arguing
that belief in God can be an entirely rational choice, and that
the principles of faith are, in fact, complementary with the prin-
ciples of science.

This potential synthesis of the scientific and spiritual world-
views is assumed by many in modern times to be an impossihil-
ity, rather like trying to force the two poles of a magnet together
into the same spot. Despite that impression, however, many
Americans seem interested in incorporating the validity of both
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of these worldviews into their daily lives. Recent polls confirm
that 93 percent of Americans profess some form of bdief in
God; yet most of them also drive cars, use eectricity, and pay
attention to weather reports, apparently assuming that the sci-
ence undergirding these phenomena is generally trustworthy.

And what about spiritual belief amongst scientists? This is
actually more prevalent than many realize. In 1916, researchers
asked biologists, physicists, and mathematicians whether they
believed in a God who actively communicates with humankind
and to whom one may pray in expectation of receiving an an-
swer. About 40 percent answered in the affirmative. In 1997,
the same survey was repeated verbatim—and to the surprise of
the researchers, the percentage remained very nearly the same.

So perhaps the "battle" between science and religion is not
as polarized as it seems? Unfortunately, the evidence of poten-
tial harmony is often overshadowed by the high-decibel pro-
nouncements of those who occupy the poles of the debate.
Bombs are definitely being thrown from both sides. For exam-
ple, essentialy discrediting the spiritual beliefs of 40 percent of
his colleagues as sentimental nonsense, the prominent evolu-
tionist Richard Dawkins has emerged as the leading spokesper-
son for the point of view that a belief in evolution demands
atheism. Among his many eye-popping statements: "Faith is the
great cop-out, the great excuse to evade the need to think and
evaluate evidence. Faith is belief in spite of, even perhaps be-
cause df, the lack of evidence. . . . Faith, being belief that isn't
based on evidence, is the principal vice of any religion.™

On the other side, certain religious fundamentalists attack
science as dangerous and untrustworthy, and point to a literal
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interpretation of sacred texts as the only reliable means of dis-
cerning scientific truth. Among this community, comments from
the late Henry Morris, a leader of the creationist movement,
stand out: "Evolution's lie permeates and dominates modern
thought in every field. That being the case, it follows inevitably
that evolutionary thought is basically responsible for the lethally
ominous political developments, and the chaotic moral and so-
cid disintegrations that have been accelerating everywhere.. . .
When science and the Bible differ, science has obviously misin-
terpreted its data."?

This rising cacophony of antagonistic voices leaves many
sincere observers confused and disheartened. Reasonable peo-
ple conclude that they are forced to choose between these two
unappetizing extremes, neither of which offers much comfort.
Didllusioned by the stridency of both perspectives, many
choose to regject both the trustworthiness of scientific conclu-
sions and the value of organized religion, slipping instead into
various forms of antiscientific thinking, shallow spirituaity, or
smple apathy. Others decide to accept the value of both sci-
ence and spirit, but compartmentalize these parts of their spiri-
tual and material existence to avoid any uneasiness about
apparent conflicts. Along these lines, the late biologist Stephen
Jay Gould advocated that science and faith should occupy sepa-
rate, "non-overlapping magisterial But this, too, is potentially
unsatisfying. It inspires internal conflict, and deprives people of
the chance to embrace either science or spirit in a fully realized
way.

S0 here is the central question of this book: In this modern
era of cosmology, evolution, and the human genome, is there
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dtill the possibility of a richly satisfying harmony between the
scientific and spiritual worldviews? | answer with a resounding
j/esl In my view, there is no conflict in being a rigorous scientist
and a person who believes in a God who takes a personal inter-
est in each one of us. Science's domain is to explore nature.
God's domain is in the spiritual world, a realm not possible to
explore with the tools and language of science. It must be ex-
amined with the heart, the mind, and the soul—and the mind
must find a way to embrace both realms.

I will argue that these perspectives not only can coexist
within one person, but can do so in a fashion that enriches and
enlightens the human experience. Science is the only reliable
way to understand the natural world, and its tools when prop-
erly utilized can generate profound insights into material exis-
tence. But science is powerless to answer questions such as
"Why did the universe come into being?' "What is the meaning
of human existence?' "What happens after we die?' One of the
strongest motivations of humankind is to seek answers to pro-
found questions, and we need to bring all the power of both the
scientific and spiritual perspectives to bear on understanding
what is both seen and unseen. The goa of this book is to ex-
plore a pathway toward a sober and intellectually honest inte-
gration of these views.

The consideration of such weighty matters can be unset-
tling. Whether we call it by name or not, al of us have arrived
at a certain worldview. It helps us make sense of the world
around us, provides us with an ethical framework, and guides
our decisions about the future. Anyone who tinkers with that
worldview should not do it lightly. A book that proposes to
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chdlenge something so fundamental may inspire more uneasi-
ness than comfort. But we humans seem to possess a deep-
seted longing to find the truth, even though that longing is
esdly suppressed by the mundane details of daily life. Those
digractions combine with a desire to avoid considering our
onn mortality, so that days, weeks, months, or even years can
eadly pass where no serious consideration is given to the eter-
nd questions of human existence. This book is only a small an-
tidote to that circumstance, but will perhaps provide an
opportunity for self-reflection, and a desire to look deeper.

Firg, | should explain how a scientist who studies genetics
care to be a believer in a God who is unlimited by time and
gace, and who takes personal interest in human beings. Some
will assume that this must have come about by rigorous reli-
gious upbringing, deeply instilled by family and culture, and
thus inescapable in later life. But that's not really my story.



PART ONE
The Chaan Between Science and Faith



CHAPTER ONE

From Athesm to Bdief

Y EARLY LIFE WAS UNCONVENTIONAL in many ways, but
M as the son of freethinkers, |1 had an upbringing that

was quite conventionally modern in its attitude to-
ward fath—it just wasn't very important.

| was raised on a dirt farm in the Shenandoah Valley of Vir-
ginia. The farm had no running water, and few other physica
amenities. Ye these things were more than compensated for by
the stimulating mix of experiences and opportunities that were
available to me in the remarkable culture of ideas created by
my parents.

They had met in graduate school at Yde in 1931, and had
taken their community organizing skills and love of music to
the experimental community of Arthurdale, West Virginia,
where they worked with Eleanor Roosevelt in attempting to
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reinvigorate a downtrodden mining community in the depths of
the Great Depression.

But other advisers in the Roosevelt administration had
other ideas, and the funding soon dried up. The ultimate dis-
mantling of the Arthurdale community on the basis of backbit-
ing Washington politics left my parents with a lifelong suspicion
of the government. They moved on to academic life at Elon Col-
lege in Burlington, North Carolina. There, presented with the
wild and beautiful folk culture of the rural South, my father be-
came a folksong collector, traveling through the hills and hol-
lows and convincing reticent North Carolinians to sing into his
Presto recorder. Those recordings, along with an even larger set
from Alan Lomax, make up a significant fraction of the Library
of Congress collection of American folksongs.

When World War |l arrived, such musical endeavors were
forced to take a backseat to more urgent matters of national
defense, and my father went to work helping to build bombers
for the war effort, ultimately ending up as a supervisor in an
aircraft factory in Long Island.

At the end of the war, my parents concluded that the high-
pressure life of business was not for them. Being ahead of their
time, they did the "sixties thing" in the 1940s. they moved to the
Shenandoah Vdley of Virginia, bought a ninety-five-acre farm,
and set about trying to create a simple agricultural lifestyle
without use of farm machinery. Discovering after only a few
months that this was not going to feed their two adolescent
sons (and soon another brother and | would arrive), my father
landed a job teaching drama at the local women's college. He
recruited male actors from the local town, and together these

v



FROM ATHEISM TO BELIEF

college students and local tradesmen found the production of
plays was great fun. Faced with complaints about the long and
boring hiatus in the summer, my father and mother founded a
summer theater in a grove of oak trees above our farmhouse.
The Oak Grove Theater continues in uninterrupted and delight-
fu operation more thanfifty years later.

I was born into this happy mix of pastoral beauty, hard
farmwork, summer theater, and music, and thrived in it. As the
youngest of four boys, | could not get into too many scrapes
that were not already familiar to my parents. | grew up with the
general sense that you had to be responsible for your own be-
havior and your choices, as no one else was going to step in
and take care of them for you.

Like my older brothers, | was home-schooled by my
mother, a remarkably talented teacher. Those early years con-
ferred on me the priceless gift of the joy of learning. While my
mother had no organized class schedule or lesson plans, she
was incredibly perceptive in identifying topics that would in-
trigue a young mind, pursuing them with great intensity to a
natural stopping point, and then switching to something new
and equally exciting. Learning was never something you did
because you had to, it was something you did because you
loved it.

Faith was not an important part of my childhood. | was
vaguely aware of the concept of God, but my own interactions
with Him were limited to occasional childish moments of bar-
gaining about something that | really wanted Him to do for me.
For instance, | remember making a contract with God (at about
age nine) that if He would prevent the rainout of a Saturday
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night theater performance and music party that | was particu-
larly excited about, then | would promise never to smoke ciga-
rettes. Sure enough, the rains held dff, and | never took up the
habit. Earlier, when | was five, my parents decided to send me
and my next oldest brother to become members of the boys
choir at the local Episcopal church. They made it clear that it
would be a great way to learn music, but that the theology
should not be taken too serioudly. | followed those instructions,
learning the glories of harmony and counterpoint but letting the
theological concepts being preached from the pulpit wash over
me without leaving any discernible residue.

When | was ten, we moved in town to be with my ailing
grandmother, and | entered the public schools. At fourteen, my
eyes were opened to the wonderfully exciting and powerful
methods of science. Inspired by a charismatic chemistry teacher
who could write the same information on the blackboard with
both hands simultaneously, | discovered for the first time the in-
tense satisfaction of the ordered nature of the universe. The fact
that al matter was constructed of atoms and molecules that
followed mathematical principles was an unexpected revela-
tion, and the ability to use the tools of science to discover new
things about nature struck me at once as something of which |
wanted to be a part. With the enthusiasm of a new convert, |
decided my goal in life would be to become a chemist. Never
mind that | knew relatively little about the other sciences, this
first puppy love seemed life-changing.

In contrast, my encounters with biology left me completely
cold. At least as perceived by my teenage mind, the fundamen-
tals of biology seemed to have more to do with rote learning of
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mindless facts than elucidation of principles. | really wasn't that
interested in memorizing the parts of the crayfish, nor in trying
to figure out the difference between a phylum, a class, and an
order. The overwhelming complexity of life led me to the con-
cluson that biology was rather like existential philosophy: it
just didn't make sense. For my budding reductionist mind, there
was not nearly enough logic in it to be appealing. Graduating at
sixteen, | went on to the University of Virginia, determined to
major in chemistry and pursue a scientific career. Like most
college freshmen, | found this new environment invigorating,
with so many ideas bouncing off the classroom walls and in the
dorm rooms late at night. Some of those questions invariably
turned to the existence of God. In my early teens | had had oc-
casional moments of the experience of longing for something
outside mysdf, often associated with the beauty of nature or a
particularly profound musical experience. Nevertheless, my
sense of the spiritual was very undeveloped and easily chal-
lenged by the one or two aggressive atheists one finds in al-
most every college dormitory. By a few months into my college
career, | became convinced that while many religious faiths had
inspired interesting traditions of art and culture, they held no
foundational truth.

THOUGH | DID NOT KNow the term at the time, | became an ag-
nostic, a term coined by the nineteenth-century scientist T. H.
Huxley to indicate someone who simply does not know
whether or not God exists. There are all kinds of agnostics;
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some arrive at this position after intense analysis of the evi-
dence, but many others smply find it to be a comfortable posi-
tion that allows them to avoid considering arguments they find
discomforting on either side. | was definitely in the latter cate-
gory. In fact, my assertion of "I don't know" was really more
along the lines of "I don't want to know." As a young man
growing up in aworld full of temptations, it was convenient to
ignore the need to be answerable to any higher spiritua author-
ity. | practiced a thought and behavior pattern referred to as
"willful blindness" by the noted scholar and writer C. S. Lewis.

After graduation, |1 went on to a Ph.D. program in physica
chemistry at Yde, pursuing the mathematical elegance that had
first drawn me to this branch of science. My intellectua life was
immersed in quantum mechanics and second-order differential
equations, and my heroes were the giants of physics—Albert
Einstein, Niels Bohr, Werner Heisenberg, and Paul Dirac. 1 grad-
ually became convinced that everything in the universe could
be explained on the basis of equations and physical principles.
Reading the biography of Albert Einstein, and discovering that
despite his strong Zionist position after World War 11, he did not
believe in Yahweh, the God of the Jewish people, only rein-
forced my conclusion that no thinking scientist could seriously
entertain the possibility of God without committing some sort
of intellectual suicide.

And so | gradually shifted from agnosticism to atheism. |
fdt quite comfortable challenging the spiritual beliefs of anyone
who mentioned them in my presence, and discounted such per-
spectives as sentimentality and outmoded superstition.

Two years into this Ph.D. program my narrowly structured
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life plan began to come apart. Despite the daily pleasures of
pursuing my dissertation research on theoretical quantum me-
chanics, | began to doubt whether this would be a life-
sustaining pathway for me. It seemed that most of the major
advances in quantum theory had occurred fifty years earlier,
and most of my career was likely to be spent in applying suc-
cessve simplifications and approximations to render certain el-
egant but unsolvable equations just a tiny bit more tractable.
More practically, it seemed that my path would lead inexorably
to a professor's life of delivering an interminable series of lec-
tures on thermodynamics and statistical mechanics, presented
to class after class of undergraduates who were either bored or
terrified by those subjects.

At about that same time, in an effort to broaden my hori-
zons, | signed up for a course in biochemistry, finally investigat-
ing the life sciences that | had so carefully avoided in the past.
The course was nothing short of astounding. The principles of
DNA, RNA, and protein, never previously apparent to me, were
lad out in dl of their satisfying digital glory. The ability to apply
rigorous intellectua principles to understanding biology, some-
thing 1 had assumed impossible, was bursting forth with the
revelation of the genetic code. With the advent of new methods
for splicing different DNA fragments together at will (recombi-
nant DNA), the possibility of applying al of this knowledge for
human benefit seemed quite real. | was astounded. Biology has
mathematical elegance after all. Life makes sense.

At the same time, now only twenty-two but married with a
bright and inquisitive daughter, | was becoming more social. |
had often preferred to be alone when | was younger. Now,
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human interaction and a desire to contribute something to
humanity seemed ever more important. Putting al of these sud-
den revelations together, | questioned everything about my pre-
vious choices, including whether | was realy cut out to do
science or carry out independent research. | was just about to
complete my Ph.D., yet after much soul-searching, | applied for
admission to medical school. With a carefully practiced speech,
| attempted to convince admissions committees that this turn of
events was actually a natural pathway for the training of one of
our nation's future doctors. Inside | was not so sure. After al,
wasn't | the guy who had hated biology because you had to
memorize things? Could any field of study require more memo-
rization than medicine? But something was different now: this
was about humanity, not crayfish; there were principles under-
lying the details; and this could ultimately make a difference in
the lives of real people.

| was accepted at the University of North Carolina. Within a
few weeks | knew medical school was the right place for me. |
loved the intellectual stimulation, the ethical challenges, the
human element, and the amazing complexity of the human
body. In December of that first year | found out how to combine
this new love of medicine with my old love of mathematics. An
austere and somewhat unapproachable pediatrician, who
taught a grand total of six hours of lectures on medical genetics
to the first-year medical student class, showed me my future.
He brought patients to class with sickle cell anemia, galac-
tosemia (an often-fatal inability to tolerate milk products), and
Down syndrome, al caused by glitches in the genome, some as
subtle as a single letter gone awry.
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| was astounded by the elegance of the human DNA code,
and the multiple consequences of those rare careless moments
of its copying mechanism. Though the potential to actually do
anything to help very many of those &fflicted by such genetic
diseases seemed far away, | was immediately drawn to this dis-
cipline. While at that point no shadow of possibility of anything
as grand and consequential as the Human Genome Project had
entered a single human mind, the path | started on in December
of 1973 turned out fortuitously to lead directly into participation
in one of the most historic undertakings of humankind.

This path also led me by the third year of medical school
into intense experiences involving the care of patients. As
physicians in training, medical students are thrust into some of
the most intimate relationships imaginable with individuals
who had been complete strangers until their experience of ill-
ness. Cultura taboos that normally prevent the exchange of in-
tensely private information come tumbling down along with the
sensitive physical contact of a doctor and his patients. It is dl
part of the long-standing and venerated contract between the ill
person and the healer. | found the relationships that developed
with sick and dying patients almost overwhelming, and | strug-
ged to maintain the professional distance and lack of emo-
tiona involvement that many of my teachers advocated.

What struck me profoundly about my bedside conversa-
tions with these good North Carolina people was the spiritua
aspect of what many of them were going through. | witnessed
numerous cases of individuals whose faith provided them with
a strong reassurance of ultimate peace, be it in thisworld or the
next, despite terrible suffering that in most instances they had
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done nothing to bring on themselves. If faith was a psychologi-
cal crutch, | concluded, it must be a very powerful one. If it was
nothing more than a veneer of cultural tradition, why were
these people not shaking their fists at God and demanding that
their friends and family stop al this talk about a loving and
benevolent supernatural power?

My most awkward moment came when an older woman,
suffering daily from severe untreatable angina, asked me what |
believed. It was a far question; we had discussed many other
important issues of life and death, and she had shared her own
strong Christian beliefs with me. | fdt my face flush as | stam-
mered out the words "I'm not really sure." Her obvious surprise
brought into sharp relief a predicament that | had been running
away from for nearly al of my twenty-six years: | had never
really seriously considered the evidence for and against belief.

That moment haunted me for several days. Did | not consider
myself a scientist? Does a scientist draw conclusions without
considering the data? Could there be a more important question
in dl of human existence than "Is there a God?' And yet there |
found mysdf, with a combination of willful blindness and some-
thing that could only be properly described as arrogance, having
avoided any serious consideration that God might be a real pos-
shility. Suddenly al my arguments seemed very thin, and | had
the sensation that the ice under my feet was cracking.

This realization was a thoroughly terrifying experience. After
all, if I could no longer rely on the robustness of my atheistic po-
sition, would | have to take responsibility for actions that | would
prefer to keep unscrutinized? Was | answerable to someone other
than myself? The question was now too pressing to avoid.
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At firg, | was confident that a full investigation of the ra-
tiond basis for faith would deny the merits of belief, and resf-
firm my atheism. But | determined to have a look at the facts,
no matter what the outcome. Thus began a quick and confusing
survey through the major religions of the world. Much of what |
found in the CliffSNotes versions of different religions (I found
reading the actual sacred texts much too difficult) left me thor-
oughly mystified, and | found little reason to be drawn to one or
the other of the many possibilities. | doubted that there was any
rationd basis for spiritual belief undergirding any of these
faiths. However, that soon changed. | went to visit a Methodist
minister who lived down the street to ask him whether faith
made any logical sense. He listened patiently to my confused
(and probably blasphemous) ramblings, and then took a small
book off his shelf and suggested | read it.

The book was Mere Chrigtianity by C. S. Lewis. In the next
few days, as| turned its pages, struggling to absorb the breadth
and depth of the intellectual arguments laid down by this leg-
endary Oxford scholar, | realized that al of my own constructs
againgt the plausibility of faith were those of a schoolboy.
Clearly | would need to start with a clean slate to consider this
most important of al human questions. Lewis seemed to know
al of my objections, sometimes even before | had quite formu-
lated them. He invariably addressed them within a page or two.
When | learned subsequently that Lewis had himself been an
atheist, who had set out to disprove faith on the basis of logical
argument, | recognized how he could be so insightful about my
path. It had been his path as well.

The argument that most caught my attention, and most
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rocked my ideas about science and spirit down to their founda-
tion, was right there in the title of Book One: "Right and Wrong
as a Clue to the Meaning of the Universe." While in many ways
the "Mora Law" that Lewis described was a universal feature of
human existence, in other ways it was as if | was recognizing it
for the first time.

To understand the Mord Law, it is useful to consider, as
Lewis did, how it is invoked in hundreds of ways each day with-
out the invoker stopping to point out the foundation of his argu-
ment. Disagreements are part of daily life. Some are mundane,
as the wife criticizing her husband for not speaking more kindly
to a friend, or a child complaining, "It's not fair,” when different
amounts of ice cream are doled out at a birthday party. Other
arguments take on larger significance. In international affairs,
for instance, some argue that the United States has a moral ob-
ligation to spread democracy throughout the world, even if it
requires military force, whereas others say that the aggressive,
unilateral use of military and economic force threatens to
squander moral authority.

In the area of medicine, furious debates currently surround
the question of whether or not it is acceptable to carry out re-
search on human embryonic stem cells. Some argue that such
research violates the sanctity of human life; others posit that
the potential to aleviate human suffering constitutes an ethical
mandate to proceed. (This topic and several other dilemmas in
bioethics are considered in the Appendix to this book.)

Notice that in al these examples, each party attempts to
appeal to an unstated higher standard. This standard is the
Mord Law. It might also be called "the law of right behavior,"
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and its existence in each of these situations seems unques-
tioned. What is being debated is whether one action or another
is a closer approximation to the demands of that law. Those ac-
cused of having fdlen short, such as the husband who is insuf-
ficiently cordial to his wife's friend, usually respond with a
variety of excuses why they should be let off the hook. Virtualy
never does the respondent say, "To hell with your concept of
right behavior.”

What we have here is very peculiar: the concept of right
and wrong appears to be universal among al members of the
human species (though its application may result in wildly dif-
ferent outcomes). It thus seems to be a phenomenon approach-
ing that of a law, like the law of gravitation or of special
relaivity. Ye in this instance, it is a law that, if we are honest
with ourselves, is broken with astounding regularity.

As best as | can tell, this law appears to apply peculiarly to
human beings. Though other animals may at times appear to
show glimmerings of a moral sense, they are certainly not
widespread, and in many instances other species' behavior
seems to be in dramatic contrast to any sense of universal
tightness. It isthe awareness of right and wrong, along with the
development of language, awareness of sdf, and the ability to
imagine the future, to which scientists generally refer when try-
ing to enumerate the special qualities of Homo sapiens.

But is this sense of right and wrong an intrinsic quality of
being human, or just a consequence of cultura traditions?
Some have argued that cultures have such widely differing
norms for behavior that any conclusion about a shared Mord
Law is unfounded. Lewis, a student of many cultures, cals this
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"alie, a good resounding lie. If a man will go into a library and
spend a few days with the Encyclopedia of Religion and Ethics,
he will soon discover the massive unanimity of the practical
reason in man. From the Babylonian Hymn to Samos, from the
laws of Manu, the Book of the Dead, the Analects, the Stoics,
the Platonists, from Australian aborigines and Redskins, he will
collect the same triumphantly monotonous denunciations of
oppression, murder, treachery and falsehood; the same injunc-
tions of kindness to the aged, the young, and the weak, of
amsgiving and impartiality and honesty."* In some unusual cul-
tures the law takes on surprising trappings—consider witch
burning in seventeenth-century America Ye& when surveyed
closdly, these apparent aberrations can be seen to arise from
strongly held but misguided conclusions about who or what is
good or evil. If you firmly believed that a witch is the personifi-
cation of evil on earth, an apostle of the devil himsdf, would it
not then seem justified to take such drastic action?

Let me stop here to point out that the conclusion that the
Moral Law exists is in serious conflict with the current post-
modernist philosophy, which argues that there are no absolute
rights or wrongs, and dl ethical decisions are relative. This
view, which seems widespread among modern philosophers
but which mystifies most members of the general public, faces
a series of logical Catch-22s. If there is no absolute truth, can
postmodernism itself be true? Indeed, if there is no right or
wrong, then there is no reason to argue for the discipline of
ethicsin thefirst place.

Others will object that the Mora Law is smply a conse-
guence of evolutionary pressures. This objection arises from the
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new field of sociobiology, and attempits to provide explanations
far dtruistic behavior on the bass of its pogtive vadue in Da-
winian sdlection. If this argument could be shown to hold up,
the interpretation of many of the requirements of the Mord Lawv
as a sgnpost to God would potentidly be in trouble—so it is
worth examining this point of view in more detail.

Congder a mgor example of the force we fed from the
Maod Lanv—the atruistic impulse, the voice of conscience cal-
ing us to help others even if nothing is received in return. Not
dl of the requirements of the Mord Law reduce to atruism, of
course, for instance, the pang of conscience one feds dfter a
minor distortion of the facts on a tax return can hardly be as-
caibed to a sense of having damaged another identifidble
humean being.

Frg, let's be clear what we're taking about. By dtruism |
do not mean the "Yau scratch my back, I'll scratch yours' kind
of behavior that practices benevolence to others in direct ex-
pectation of reciprocad benefits. Altruism is more interesting:
the truly sdfless giving of onesdlf to others with absolutely no
secondary motives. When we see that kind of love and generos-
ity, we are overcome with awe and reverence. Oskar Schindler
placed his life in great danger by sheltering more than a thou-
sand Jews from Nazi extermination during World Wer |1, and ul-
timately died penniless—and we fed a great rush of admiration
far his actions. Mother Teresa has consstently ranked as one of
the most admired individuds of the current age, though her
sdf-imposad poverty and sefless giving to the sck and dying of
Cdcutta is in drastic contrast to the materidigtic lifestyle that
dominates our current culture.
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In some instances, altruism can extend even to circum-
stances where the beneficiary would seem to be a sworn
enemy. Sister Joan Chittister, a Benedictine nun, tells the fal-
lowing Sufi story.?

Once upon a time there was an old woman who
used to meditate on the bank of the Ganges. One
morning, finishing her meditation, she saw a scor-
pion floating helplessly in the strong current. Asthe
scorpion was pulled closer, it got caught in roots
that branched out far into the river. The scorpion
struggled frantically to free itsdf but got more and
more entangled. She immediately reached out to
the drowning scorpion, which, as soon as she
touched it, stung her. The old woman withdrew her
hand but, having regained her balance, once again
tried to save the creature. Every time she tried,
however, the scorpion’s tail stung her so badly that
her hands became bloody and her face distorted
with pain. A passerby who saw the old woman
struggling with the scorpion shouted, "What's
wrong with you, fool! Do you want to kill yourself
to save that ugly thing?' Looking into the stranger's
eyes, she answered, "Because it is the nature of the
scorpion to sting, why should | deny my own nature
to saveit?'

This may seem a rather drastic example—not very many of us
can relate to putting ourselves in danger to save a scorpion.
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But surdy most of us have a one time fdt the inner cdling to
hep a stranger in need, even with no likedihood of personal
benefit. And if we have actualy acted on that impulse, the con-
Sequence was often a warm sense of "having done the right
thing."

C. S Lewis, in hisremarkable book The Four Loves, further
explores the nature of this kind of sdfless love, which he cdls
"aggpe" (pronounced ah-GAH-pay), from the Greek. He points
out that this kind of love can be distinguished from the three
other forms (affection, friendship, and romantic love), which
can be more easly understood in terms of reciproca benefit,
and which we can see modeled in other animals besides our-
slves.

Agape, or sdfless dtruism, presents a mgor chdlenge for
the evolutionidt. It is quite frankly a scandd to reductionist rea-
soning. It cannot be accounted for by the drive of individud
Hdfish genes to perpetuate themsalves. Quite the contrary: it
may lead humans to make sacrifices that lead to great persona
uffering, injury, or death, without any evidence of benefit. And
ye, if we carefully examine that inner voice we sometimes call
conscience, the motivation to practice this kind of love exists
within al of us, despite our frequent efforts to ignore it.

Sociobiologists such as E. O. Wilson have attempted to ex-
plain this behavior in terms of some indirect reproductive bene-
fits to the practitioner of dtruism, but the arguments quickly
run into trouble. One proposal is that repeated altruistic behav-
ior of the individud is recognized as a postive attribute in mate
sdection. But this hypothessis in direct conflict with observa-
tions in nonhuman primates that often reved just the oppo-
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site—such as the practice of infanticide by a newly dominant
male monkey, in order to clear the way for his own future off-
spring. Another argument is that there are indirect reciprocal
benefits from altruism that have provided advantages to the
practitioner over evolutionary time; but this explanation cannot
account for human motivation to practice small acts of con-
science that no one else knows about. A third argument is that
atruistic behavior by members of a group provides benefits to
the whole group. Examples are offered of ant colonies, where
sterile workers toil incessantly to create an environment where
their mothers can have more children. But this kind of "ant al-
truism" is readily explained in evolutionary terms by the fact
that the genes motivating the sterile worker ants are exactlythe
same ones that will be passed on by their mother to the siblings
they are helping to create. That unusually direct DNA connec-
tion does not apply to more complex populations, where evolu-
tionists now agree almost universally that selection operates on
the individual, not on the population. The hardwired behavior
of the worker ant is thus fundamentally different from the inner
voice that causes me to fed compelled to jump into the river to
try to save a drowning stranger, even if I'm not a good swim-
mer and may mysdf die in the effort. Furthermore, for the evo-
lutionary argument about group benefits of atruism to hold, it
would seem to require an opposite response, namely, hogtility
to individuals outside the group. Oskar Schindler's and Mother
Teresa's agape belies this kind of thinking. Shockingly, the
Moral Law will ask me to save the drowning man even if he is
an enemy.

If the Law of Human Nature cannot be explained away as
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cultural artifact or evolutionary by-product, then how can we
account for its presence? There is truly something unusual
going on here. To quote Lewis, "If there was a controlling
power outside the universe, it could not show itself to us as one
of the facts inside the universe—no more than the architect of a
house could actually be a wall or staircase or fireplace in that
house. The only way in which we could expect it to show itself
would be inside ourselves as an influence or a command trying
to get us to behave in a certain way. And that isjust what we do
find inside ourselves. Surely this ought to arouse our suspi-
cions?*

Encountering this argument at age twenty-six, | was
stunned by itslogic. Here, hiding in my own heart as familiar as
anything in daily experience, but now emerging for the first
time as a clarifying principle, this Mord Law shone its bright
white light into the recesses of my childish atheism, and de-
manded a serious consideration of its origin. Was this God
looking back at me?

And if that were so, what kind of God would this be? Would
this be a deist God, who invented physics and mathematics and
started the universe in motion about 14 hillion years ago, then
wandered off to deal with other, more important matters, as
Eingein thought? No, this God, if | was perceiving Him at al,
must be a theist God, who desires some kind of relationship
with those special creatures called human beings, and has
therefore indtilled this special glimpse of Himsdlf into each one
of us. This might be the God of Abraham, but it was certainly
not the God of Einstein.

There was another consequence to this growing sense of
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God's nature, if in fact He was real. Judging by the incredibly
high standards of the Mora Law, one that | had to admit | was
in the practice of regularly violating, this was a God who was
holy and righteous. He would have to be the embodiment of
goodness. He would have to hate evil. And there was no reason
to suspect that this God would be kindly or indulgent. The grad-
ual dawning of my realization of God's plausible existence
brought conflicted feelings: comfort at the breadth and depth of
the existence of such a Mind, and yet profound dismay at the
realization of my own imperfections when viewed in His light.

| had started this journey of intellectual exploration to con-
firm my atheism. That now lay in ruins as the argument from
the Mora Law (and many other issues) forced me to admit the
plausibility of the God hypothesis. Agnosticism, which had
seemed like a safe second-place haven, now loomed like the
great cop-out it often is. Faith in God now seemed more ra-
tional than dishelief.

It also became clear to me that science, despite its unques-
tioned powers in unraveling the mysteries of the natural world,
would get me no further in resolving the question of God. If God
exists, then He must be outside the natural world, and therefore
the tools of science are not the right ones to learn about Him.
Instead, as | was beginning to understand from looking into my
own heart, the evidence of God's existence would have to come
from other directions, and the ultimate decision would be based
on faith, not proof. Stll beset by roiling uncertainties of what
path | had started down, | had to admit that | had reached the
threshold of accepting the possibility of a spiritua worldview,
including the existence of God.
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It seemed impossible either to go forward or to turn back.
Yeas later, | encountered a sonnet by Sheldon Vanauken that
precisdy described my dilemma. Its concluding lines:

Between the probable and proved there yawns
A gap. Afrad to jump, we stand absurd,
Then see behindws sink the ground and, worse,
Our very standpoint crumbling. Desperate dawns
Our only hope: to leap into the Word
That opens up the shuttered universe.*

Fo along time | stood trembling on the edge of this yawning
gap. Findly, seeing no escape, | leapt.

How can such beliefs be possible for a scientist? Aren't
many claims of religion incompatible with the "Show me the
datd' attitude of someone devoted to the study of chemistry,
phydcs, biology, and medicine? By opening the door of my
mind to its spiritual possibilities, had | started a war of world-
views that would consume me, ultimately facing a take-no-
prisoners victory of one or the other?
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CHAPTER TWO

The War of the Worldviews

trave this far with me, no doubt a torrent of your own ob-

jections has begun to form. | certainly have had my own:
Ian't Gad just a case of wishful thinking? Hasn't a great dedl of
harm been done in the name of reigion? How could a loving
Gad permit suffering? How can a serious scientist accept the
possibility of miracles?

If you are a bdiever, perhaps the narrative in the first chap-
ter offered some reassurance, but dmost certainly you, too,
have areas where your fath conflicts with other challenges you
face from yoursdf or those around you.

Doubt is an unavoidable part of bdief. In the words of Paul
Tillich, "Doubt isn't the opposite of fath; it is an element of
faith! If the case in favor of belief in God were utterly airtight,

I F YOU STARTED THIS BOOK as a skeptic and have managed to
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then the world would be full of confident practitioners of a sin-
gle faith. But imagine such a world, where the opportunity to
make a free choice about belief was taken away by the cer-
tainty of the evidence. How interesting would that be?

For the skeptic and the believer alike, doubts come from
many sources. One category involves perceived conflicts of the
claims of religious belief with scientific observations. Those
concerns, particularly prominent now in the field of biology and
genetics, are dealt with in subsequent chapters. Other concerns
reside more within the philosophical realm of human experi-
ence, and those are the subject of this chapter. If you are not
someone who is troubled by these, then fed free to turn to
Chapter 3.

In addressing these philosophical issues, | speak mainly as
a layman. Ye | am one who has shared these struggles. Espe-
cialy in the first year after | came to accept the existence of a
God who cared about human beings, | was besieged by doubts
from many directions. While these questions al seemed very
fresh and unanswerable upon their first arrival, 1 was comforted
to learn that there were no objections on my list that had not
been raised even more forcefully and articulately by others
down through the centuries. Of greatest comfort, many won-
derful sources existed that provided compelling answers to
these dilemmas. | will draw upon some of these authors in this
chapter, supplemented by my own thoughts and experiences.
Many of the most accessible analyses came from the writings of
my now familiar Oxford adviser, C. S. Lewis.

While many objections could be considered here, | found
four to be particularly vexing in those early days of newborn
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faith, and | believe these are among the top concerns faced by
anyone considering a decision about belief in God.

ISN'T THE IDEA OF GOD JUST WISH FULFILLMENT?

Is God redly there? Or does the search for the existence of a su-
pernatural being, so pervasive in al cultures ever studied, rep-
resent a universal but groundless human longing for something
outside ourselves to give meaning to a meaningless life and to
take away the sting of death?

While the search for the divine has been somewhat
crowded out in modern times by our busy and overstimulated
lives, it is still one of the most universal of human strivings. C. S.
Lewis describes this phenomenon in his own life in his wonder-
fu book Surprised by Joy, and it is this sense of intense longing,
triggered in his life by something as simple as a few lines of po-
etry, that he identifies as "joy." He describes the experience as
"an unsatisfied desire which is itsef more desirable than any
other satisfaction."?1 can recall clearly some of those moments
in my own life, where this poignant sense of longing, faling
somewhere between pleasure and grief, caught me by surprise
and caused me to wonder from whence came such strong emo-
tion, and how might such an experience be recovered.

As aboy often, | recall being transported by the experience
of looking through a telescope that an amateur astronomer had
placed on a high field at our farm, when | sensed the vastness
of the universe and saw the craters on the moon and the magi-
ca diaphanous light of the Pleiades. At fifteen, | recall a Christ-
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mas Eve where the descant on a particularly beautiful Christ-
mas carol, rising sweet and true above the more familiar tune,
left me with a sense of unexpected awe and a longing for
something | could not name. Much later, as an atheist graduate
student, | surprised mysdf by experiencing this same sense of
awe and longing, thistime mixed with a particularly deep sense
of grief, a the playing of the second movement of Beethoven's
Third Symphony (the Eroicd). As the world grieved the death of
Israeli athletes killed by terrorists at the Olympics in 1972, the
Berlin Philharmonic played the powerful strains of this C-minor
lament in the Olympic Stadium, mixing together nobility and
tragedy, life and death. For a few moments | was lifted out of
my materialist worldview into an indescribable spiritual dimen-
sion, an experience | found quite astonishing.

More recently, for a scientist who occasionally is given the
remarkable privilege of discovering something not previously
known by man, there is a specia kind of joy associated with
such flashes of insight. Having perceived a glimmer of scientific
truth, 1 find at once both a sense of satisfaction and a longing to
understand some even greater Truth. In such a moment, sci-
ence becomes more than a process of discovery. It transports
the scientist into an experience that defies a completely natu-
ralistic explanation.

So what are we to make of these experiences? And what is
this sensation of longing for something greater than ourselves?
Is this only, and no more than, some combination of neuro-
transmitters landing on precisely the right receptors, setting off
an electrical discharge deep in some part of the brain? Or is
this, like the Mora Law described in the preceding chapter, an
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inkling of what lies beyond, a sgnpost placed deep within the
humaen spirit pointing toward something much grander than
ourselves?

The atheist view is that such longings are not to be trusted
as indications of the supernatural, and that our trandation of
those sensations of awe into a belief in God represent nothing
more than widhful thinking, inventing an answer because we
want it to be true. This particular view reached its widest audi-
ence in the writings of Sgmund Freud, who argued that wishes
for God stemmed from early childhood experiences. Writing in
Totem and Taboo, Freud said, "Psychoandyss of individud
human beings teaches us with quite specia ingstence that the
Gad of each of them is formed in the likeness of his father, that
his persond relationship to God depends on the relation to his
father in the flesh, and oscillates and changes aong with that
relation, and that a bottom Gad is nothing other than an ex-
dted father"®

The problem with this wish-fulfillment argument is that it
does not accord with the character of the God of the mgor reli-
gions of the earth. In his elegant recent book, The Question of
God, Armand Nichali, a psychoanaytically trained Harvard pro-
fessor, compares Freud's view with that of C. S. Lewis” Lewis
argued that such wish fulfillment would likely give rise to a very
different kind of God than the one described in the Bible. If we
are looking far benevolent coddling and indulgence, that's not
what we find there. Instead, as we begin to come to grips with
the existence of the Mord Law, and our obvious inahility to live
up toit, we redize that we are in deep trouble, and are poten-
tidly eterndly separated from the Author of that Law. Further-
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more, does not a child as he or she grows up experience am-
bivalent feelings toward parents, including a desire to be free?
So why should wish fulfillment lead to a desire for God, as op-
posed to a desire for there to be no God?

Finadly, in simple logical terms, if one allows the possibility
that God is something humans might wish for, does that rule
out the possibility that God is rea? Absolutely not. The fact that
| have wished for a loving wife does not now make her imagi-
nary. The fact that the farmer wished for rain does not make
him question the reality of the subsequent downpour.

In fact, one can turn this wishful-thinking argument on its
head. Why would such a universal and uniquely human hunger
exigt, if it were not connected to some opportunity for fulfill-
ment? Again, Lewis says it well: "Creatures are not born with
desires unless satisfaction for those desires exists. A baby feds
hunger: well, there is such a thing as food. A duckling wants
to swim: well, there is such a thing as water. Men fed sexual
desire: well, there is such a thing as sex. If | find in mysdlf a de-
sire which no experience in this world can saisfy, the most
probable explanation is that | was made for another world."®

Could it be that this longing for the sacred, a universal and
puzzling aspect of human experience, may not be wish fulfill-
ment but rather a pointer toward something beyond us? Why
do we have a "God-shaped vacuum” in our hearts and minds
unlessit ismeant to be filled?

In our modern materialistic world, it is easy to lose sight of
that sense of longing. In her wonderful collection of essays
Teaching a Sioneto Talk, Annie Dillard speaks about that grow-
ing void:
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Now we are no longer primitive. Now the whole
world seems not holy. . . . We as a people have
moved from pantheism to pan-atheism. ... It is dif-
ficult to undo our own damage and to recall to our
presence that which we have asked to leave. It is
hard to desecrate a grove and change your mind.
We doused the burning bush and cannot rekindle it.
We are lighting matches in vain under every green
tree. Did the wind used to cry and the hills shout
forth praise? Now speech has perished from among
the lifeless things of the earth, and living things say
very little to very few. . . . And yet it could be that
wherever there is motion there is noise, as when a
whale breaches and smacks the water, and wher-
ever there is stillness there is the small, still voice,
God's speaking from the whirlwind, nature's old
song and dance, the show we drove from town.. . .
What have we been doing al these centuries but
trying to call God back to the mountain, or, failing
that, raise a peep out of anything that isn't us?
What is the difference between a cathedral and a
physics |ab? Are they not both saying: Hello?

WHAT ABOUT ALL THE HARM DONE IN THE NAME OF RELIGION?

A magor stumbling block for many earnest seekers is the com-
pelling evidence throughout history that terrible things have
been done in the name of religion. This applies to virtualy dl
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faiths at some point, including those that argue for compassion
and nonviolence among their principal tenets. Given such ex-
amples of raw abusive power, violence, and hypocrisy, how can
anyone subscribe to the tenets of the faith promoted by such
perpetrators of evil?

There are two answers to this dilemma. First of al, keep in
mind that many wonderful things have also been done in the
name of religion. The church (and here | use the term geneti-
cdly, to refer to the organized institutions that promote a par-
ticular faith, without regard to which faith is being described)
has many times played a critical role in supporting justice and
benevolence. Asjust one example, consider how religious lead-
ers have worked to relieve people from oppression, from
Moses leading the Israglites out of bondage to William Wilber-
force's ultimate victory in convincing the English Parliament to
oppose the practice of davery to the Reverend Martin Luther
King Jr.'s leading the civil rights movement in the United States,
for which he gave his life,

But the second answer brings us back to the Mora Law,
and to the fact that al of us as human beings have fallen short
of it. The church is made up of fdlen people. The pure, clean
water of spiritual truth is placed in rusty containers, and the
subsequent failings of the church down through the centuries
should not be projected onto the faith itsdf, as if the water had
been the problem. It is no wonder that those who assess the
truth and appeal of spiritual faith by the behavior of any partic-
ular church often find it impossible to imagine themselves join-
ing up. Expressing hostility toward the French Catholic Church
a the dawning of the French Revolution, Voltaire wrote, "Is it
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ay wonder that there are atheists in the world, when the
church behaves so abominably?"’

It is not difficult to identify examples where the church has
promated actions that fly in the face of principles its own faith
should have sustained. The Beatitudes spoken by Christ in the
Samon on the Mount were ignored as the Christian church car-
ried out violent Crusades in the Middle Ages and pursued a se-
ries of inquisitions afterward. While the prophet Muhammad
never himsdf used violence in responding to persecutors, Is-
lamic jihads, dating to the earliest of his followers and including
present-day violent attacks such as that of September 11, 2001,
have created the false impression that the 1damic faith is intrin-
dcdly violent. Even followers of supposedly nonviolent faiths
uch as Hinduism and Buddhism occasionally engage in violent
confrontation, as is currently occurring in Sri Lanka

And it is not only violence that sullies the truth of religious
fath. Frequent examples of gross hypocrisy among religious
leeders made evermore visible by the power of the media,
caue many skeptics to conclude that there is no objective truth
or goodness to be found in religion.

Perhaps even more insidious and widespread is the emer-
gence in many churches of a spiritually dead, secular faith,
which strips out all of the numinous aspects of traditional be-
lif, presenting a version of spiritual life that is al about social
events and/or tradition, and nothing about the search for God.

Isit any wonder, then, that some commentators point to re-
ligon as a negative force in society, or in the words of Karl
Mayx, "the opiate of the masses'? Buit let's be careful here. The
gest Marxig experiments in the Soviet Union and in Mao's
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China, aiming to establish societies explicitly based upon athe-
ism, proved capable of committing at least as much, and proba-
bly more, human slaughter and raw abuse of power than the
worst of al regimes in recent times. In fact, by denying the exis-
tence of any higher authority, atheism has the now-realized po-
tential to free humans completely from any responsibility not to
oppress one another.

So, while the long history of religious oppression and
hypocrisy is profoundly sobering, the earnest seeker must look
beyond the behavior of flawed humans in order to find the
truth. Would you condemn an oak tree because its timbers had
been used to build battering rams? Would you blame the air for
allowing lies to be transmitted through it? Would you judge
Mozart's The Magic Flute on the basis of a poorly rehearsed per-
formance by fifth-graders? If you had never seen a real sunset
over the Pecific, would you alow a tourist brochure as a substi-
tute? Would you evaluate the power of romantic love solely in
the light of an abusive marriage next door?

No. A real evaluation of the truth of faith depends upon
looking at the clean, pure water, not at the rusty containers.

WHY WOULD A LOVING GOD ALLOW SUFFERING IN THE WORLD?

There may be those somewhere in the world who have never
experienced suffering. | don't know any such people, and | sus-
pect no reader of this book would claim to be in that category.
This universal human experience has caused many to question
the existence of a loving God. As phrased by C. S. Lewisin The
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Problem of Pain, the argument goes like this: "If God were good,
he would wish to make his creatures perfectly happy, and if God
were amighty, he would be able to do what he wished. But the
cregtures are not happy. Therefore, God lacks either goodness
or power or both."®

There are several answers to this dilemma. Some are easier
to accept than others. In the first place, let us recognize that a
large fraction of our suffering and that of our fellow human be-
ings is brought about by what we do to one another. It is hu-
mankind, not God, that has invented knives, arrows, guns,
bombs, and al manner of other instruments of torture used
through the ages. The tragedy of the young child killed by a
drunk driver, of the innocent man dying on the battlefield, or of
the young girl cut down by a stray bullet in a crime-ridden sec-
tion of a modern city can hardly be blamed on God. After al,
we have somehow been given free will, the ability to do as we
please. We use this ability frequently to disobey the Moral Law.
Ard when we do so, we shouldn't then blame God for the con-
Sequences.

Should God have restrained our free will in order to prevent
these kinds of evil behavior? That line of thought quickly en-
counters a dilemma from which there is no rational escape.
Agan, Lewis states this clearly: "If you choose to say 'God can
dve a creature free will and at the same time withhold free will
fram it,' you have not succeeded in saying anything about God:
meaningless combinations of words do not suddenly acquire
meaning simply because we prefix to them the two other words
'God can.' Nonsense remains nonsense, even when we talk it
about God"®
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Rational arguments can till be difficult to accept when an
experience of terrible suffering fals on an innocent person. |
know a young college student who was living alone during
summer vacation while she carried out medical research in
preparation for a career as a physician. Awakening in the dark
of night, she found a strange man had broken into her apart-
ment. With a knife pressed against her throat, he ignored her
pleas, blindfolded her, and forced himself on her. He Ieft her in
devastation, to relive that experience over and over again for
years to come. The perpetrator was never caught.

That young woman was my daughter. Never was pure evil
more apparent to me than that night, and never did | more pas-
sionately wish that God would have intervened somehow to
stop this terrible crime. Why didn't He cause the perpetrator to
be struck with a bolt of lightning, or at least a pang of con-
science? Why didn't He put an invisible shield around my
daughter to protect her?

Perhaps on rare occasions God does perform miracles. But
for the most part, the existence of free will and of order in the
physical universe are inexorable facts. While we might wish for
such miraculous deliverance to occur more frequently, the con-
sequence of interrupting these two sets of forces would be utter
chaos.

What about the occurrence of natural disasters: earth-
quakes, tsunamis, volcanoes, great floods and famines? On a
smaller but no less poignant scale, what about the occurrence
of disease in an innocent victim, such as cancer in a child? The
Anglican priest and distinguished physicist John Polkinghome
has referred to this category of event as "physica evil," as op-
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posed to the "moral evil" committed by humankind. How can it
be justified?

Science reveals that the universe, our own planet, and life
itself are engaged in an evolutionary process. The conse-
guences of that can include the unpredictability of the weather,
the dippage of a tectonic plate, or the misspelling of a cancer
gene in the normal process of cell division. If a the beginning
of time God chose to use these forces to create human beings,
then the inevitability of these other painful consequences was
also assured. Frequent miraculous interventions would be at
least as chaotic in the physical realm as they would be in inter-
fering with human acts of free will.

For many thoughtful seekers, these rational explanations fdl
short of providing ajustification for the pain of human existence.
Why is our life more a vale of tears than a garden of delight?
Much has been written about this apparent paradox, and the
conclusion is not an easy one: if God is loving and wishes the
best for us, then perhaps His plan is not the same as our plan.
This is a hard concept, especialy if we have been too regularly
spoon-fed a version of God's benevolence that implies nothing
more on His part than a desire for us to be perpetually happy.
Again from Lewis "We want, in fact, not so much a father in
Heaven as a grandfather in Heaven—a senile benevolence who,
as they say, 'likes to see young people enjoying themselves," and
whose plan for the universe was smply that it might be truly
said at the end of each day, 'a good time was had by all.' "

Judging by human experience, if one is to accept God's
loving-kindness, He apparently desires more of us than this. Is
that not, in fact, your own experience? Have you learned more
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about yourself when things were going well, or when you were
faced with challenges, frustrations, and suffering? "God whis-
pers to us in our pleasures, speaks in our conscience, but
shouts in our pains: it is His megaphone to rouse a deaf
world."" As much as we would like to avoid those experiences,
without them would we not be shallow, self-centered creatures
who would ultimately lose all sense of nobility or striving for
the betterment of others?

Consider this: if the most important decision we are to
make on this earth is a decision about bdief, and if the most
important relationship we are to develop on this earth is arela
tionship with God, and if our existence as spiritual creatures is
not limited to what we can know and observe during our
earthly lifetime, then human sufferings take on a wholly new
context. We may never fully understand the reasons for these
painful experiences, but we can begin to accept the idea that
there may be such reasons. In my case | can see, albeit dimly,
that my daughter's rape was a challenge for me to try to learn
the real meaning of forgiveness in a terribly wrenching circum-
stance. In complete honesty, | am till working on that. Perhaps
this was also an opportunity for me to recognize that |1 could
not truly protect my daughters from al pain and suffering; | had
to learn to entrust them to God's loving care, knowing that this
provided not an immunization from evil, but a reassurance that
their suffering would not be in vain. Indeed, my daughter would
say that this experience provided her with the opportunity and
motivation to counsel and comfort others who have gone
through the same kind of assault.

This notion that God can work through adversity is not an
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essy concept, and can find firm anchor only in a worldview
that embraces a spiritual perspective. The principle of growth
through suffering is, in fact, nearly universal in the world's great
faths The Four Noble Truths of the Buddhain the Deer Park ser-
mon, for example, begin with "Life is suffering.” For the believer,
this realization can paradoxically be a source of great comfort.

That woman | cared for as a medica student, for instance,
who challenged my atheism with her gentle acceptance of her
own terminal illness, saw in this final chapter of her life an ex-
perience that brought her closer to God, not further away. On a
larger historical stage, Dietrich Bonhoeffer, the German theolo-
gian who voluntarily returned to Germany from the United
States during World War 11 to do what he could to keep the real
church alive at a time when the organized Christian church in
Germany had chosen to support the Nazis, was imprisoned for
his role in a plot to assassinate Hitler. During his two years in
prison, suffering great indignities and loss of freedom, Bonhoef-
fer never wavered in his fath or his praise for God. Shortly be-
fore he was hanged, only three weeks before the liberation of
Germany, he wrote these words: "Time lost is time when we
have not lived a full human life, time unenriched by experience,
cregtive endeavor, enjoyment, and suffering."*2

How CAN A RATIONAL PERSON BELIEVE IN MIRACLES?

Findly, consider an objection to belief that cuts particularly
sharply for a scientist. How can miracles be reconciled to a sci-
entific worldview?
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In modern parlance, we have cheapened the significance of
the word "miracle." We speak of "miracle drugs," "miracle
diets," "Miracle on lcg" or even the "miracle Mets" But of
course, that's not the original intended meaning of the word.
More accurately, a miracle is an event that appears inexplicable
by the laws of nature and so is held to be supernatural in origin.

All religions include a belief in certain miracles. The cross-
ing of the Israelites through the Red Sea, led by Moses and ac-
companied by the drowning of Pharaoh's men, is a powerful
story, told in the book of Exodus, of God's providence in pre-
venting the imminent destruction of His people. Smilarly, when
Joshua asked God to prolong the daylight in order for a particu-
lar battle to be successfully carried out, the sun was said to
stand still in away that could only be described as miraculous.

In Islam, the writing of the Qur'an was started in a cave
near Mecca, with the instruction of Muhammad provided super-
naturally by the angel Jibril. Muhammad's ascension is clearly
also a miraculous event, as he is given the opportunity to see
all of the features of heaven and hell.

Miracles play a particularly powerful role in Chrigtianity—
especially the most significant miracle of all, Christ's rising from
the dead.

How can one accept such claims, while claiming to be ara-
tional modern human being? Well, clearly, if one starts out with
the presumption that supernatural events are impossible, then
no miracles can be allowed. Again, we can turn to C. S. Lewis
for particularly clear thinking on thistopic, in his book Miracles.
"Every event which might be claimed to be a miracle is, in the
last resort, something presented to our senses, something seen,
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heard, touched, smelled, or tasted. And our senses are not in-
fdlible. If anything extraordinary seems to have happened, we
can always say that we have been the victims of an illusion. If
we hold a philosophy which excludes the supernatural, this is
what we always shall say. What we learn from experience de-
pends on the kind of philosophy we bring to experience. It is
therefore useless to appeal to experience before we have set-
tled as well as we can, the philosophical question."*

At the risk of frightening those who are uncomfortable with
mathematical approaches to philosophical problems, consider
the following analysis. The Reverend Thomas Bayes was a
Scottish theologian little remembered for his theological mus-
ings but much respected for putting forward a particular proba-
bility theorem. Bayess Theorem provides a formula by which
one can calculate the probability of observing a particular
event, given some initial information (the "prior") and some ad-
ditional information (the "conditional™). His theorem is particu-
larly useful when facing two or more possible explanations for
the occurrence of an event.

Consider the following example. You have been taken cap-
tive by a madman. He givesyou a chance to be set free—he will
allow you to draw a card from a deck, replace it, shuffle, and
draw again. If you draw the ace of spades both times, you will
be released.

Skeptical of whether this is even worth attempting, you
proceed—and to your amazement you draw the ace of spades
twice in arow. Your chains are released and you return home.

Being mathematically inclined, you calculate the chances of
this good fortune as 1/52 X 1/52 = 1/2704. A very unlikely

49



TheLanguage of God

event, but it happened. A few weeks later, however, you find
out that a benevolent employee of the company that manufac-
tured the playing cards, being aware of the madman's wager,
had arranged to have one of every hundred decks of cards be
made up of fifty-two aces of spades.

So perhaps this was not just a lucky break? Perhaps a
knowledgeable and loving being (the employee), unknown to
you a the time of your capture, intervened to improve the
chances of your release. The likelihood that the deck you drew
from was a regular deck of fifty-two different cards was 99/100;
the likelihood of a special deck of only aces of spades was
1/100. For those two possible starting points, the "conditional"
probabilities of drawing two aces of spades in a row would be
1/2704 and 1, respectively. By Bayes's Theorem it iS now possi-
ble to calculate the "posterior” probabilities, and conclude that
there is a 96 percent likelihood that the deck of cards you drew
from was one of the "miraculous’ ones.

This same analysis can be applied to apparently miraculous
events in daily experience. Suppose you have observed a spon-
taneous cure of a cancer in an advanced stage, which is known
to be fatal in nearly every instance. Is this a miracle? To evalu-
ate that question in the Bayesian sense will require you to pos-
tulate what the "prior" is of a miraculous cure of cancer
occurring in the first place. Is it one in a thousand? One in a
million? Or is it zero?

This is, of course, where reasonable people will disagree,
sometimes noisily. For the committed materialist, no allowance
can be permitted for the possibility of miracles in the first place
(his "prior" will be zero), and therefore even an extremely un-
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usud cure of cancer will be discounted as evidence of the
miraculous, and will instead be chalked up to the fact that rare
events will occasonaly occur within the natural world. The be-
liever in the existence of God, however, may after examining
the evidence conclude that no such cure should have occurred
by any known natural processes, and having once admitted
that the prior probability of a miracle, while quite small, is not
quite zero, will carry out his own (veary informd) Bayesan ca-
culation to conclude that a miracle is more likdly than not.

All of this smply goes to say that a discusson about the
miraculous quickly devolves to an argument about whether or
not one is willing to consider any possbility whatsoever of the
supernatura. | believe that posshility exists, but a the same
time, the "prior" should generally be very low. That is, the pre-
sumption in any given case should be for a natural explanation.
Surprisng but mundane events are not automatically miracu-
lous. For the deist, who sees God as having created the uni-
verse but then wandering dff in some other place to carry out
other activities, there is no more reason to consider natural
events as miraculous than there is for the committed material-
ist. For the theist, who believesin a God who isinvolved in the
lives of human beings, various thresholds of assumption of the
miraculous are likely to apply, depending on that individua's
perception about how likdy it is that God would intervene in
everyday circumstances.

Whatever the persond view, it is crucid that a healthy
skepticiam be gpplied when interpreting potentially miraculous
events, lest the integrity and rationdity of the religious perspec-
tive be brought into question. The only thing that will kill the

sl



TheLanguage of God

possibility of miracles more quickly than a committed material-
ism is the claiming of miracle status for everyday events for
which natural explanations are readily at hand. Anyone who
claims the blooming of a flower is a miracle is treading upon a
growing understanding of plant biology, which is well on the
way to elucidating all the steps between seed germination and
the blossoming of a beautiful and sweet-smelling rose, al di-
rected by that plant's DNA instruction book.

Similarly, the individua who wins the lottery and an-
nounces that this is a miracle, because he prayed about the out-
come, strains our credulity. After al, given the wide distribution
of a least some vestiges of faith in our modern society, it is
likely that a significant fraction of the individuals who bought a
lottery ticket that week also prayed in some fleeting way that
they might be the winner. If that be so, then the actual winner's
claim of miraculous intervention rings hollow.

More difficult to evaluate are the claims of miraculous heal-
ing from medical problems. As a physician, | have occasionally
seen circumstances where individuals recovered from illnesses
that appeared not to be reversible. Y& | am loath to ascribe
those events to miraculous intervention, given our incomplete
understanding of illness and how it affects the human body. All
too often, when claims of miraculous healing have been care-
fully investigated by objective observers, those claims have
falen short. Despite those misgivings, and an insistence that
such claims be backed up by extensive evidence, | would not be
stunned to hear that such genuine miraculous healings do
occur on extremely rare occasions. My "prior" is low, but it is
not zero.
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Miracles thus do not pose an irreconcilable conflict for the
bdiever who trusts in science as a means to investigate the
naurd world, and who sees that the natural world is ruled by
lavs If, like me, you admit that there might exist something or
someone outside of nature, then there is no logica reason why
thet force could not on rare occasions stage an invasion. On the
other hand, in order for the world to avoid descending into
chaos miracles must be very uncommon. As Lewis has written,
"Gad does not shake miracles into nature at random as if from
a pepper-caster. They come on great occasions. they are found
at the great ganglions of history—not of political or socia his-
tory, but of that spiritual history which cannot be fully known by
men. If your own life does not happen to be near one of those
greet ganglions, how should you expect to see one?'*

Here we see not only an argument about the rarity of mira-
des but an argument that they should have some purpose,
rather than representing the supernatural acts of a capricious
magician, smply designed to amaze. If God is the ultimate em-
bodiment of omnipotence and goodness, He would not play
auch a trickster role. John Polkinghorne argues this point co-
gently: "Miracles are not to be interpreted as divine acts against
the laws of nature (for those laws are themselves expressions
of God's will) but as more profound revelations of the character
of the divine relationship to creation. To be credible, miracles
mug convey a deeper understanding than could have been ob-
taned without them."*

Despite these arguments, materialistic skeptics who wish to
dve no ground to the concept of the supernatural, those who
refute the evidence from the Mord Law and the universal sense
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of longing for God, will no doubt argue that there is no need to
consider miracles at all. In their view, the laws of nature can ex-
plain everything, even the exceedingly improbable.

But can this view be completely sustained? There is at least
one singular, exceedingly improbable, and profound event in
history that scientists of nearly al disciplines agree is not un-
derstood and will never be understood, and for which the laws
of nature fdl completely short of providing an explanation.
Would that be a miracle? Read on.



PART TWO
The Great Questions of Human Existence



CHAPTER THREE

The Origins of the Universe

ORE THAN TWO HUNDRED YEARS AGO, One Of the mOSt
influential philosophers of all time, Immanuel Kant,
wrote: "Two thingsfill me with constantly increasing

admiration and awe, the longer and more earnestly | reflect on

them: the starry heavens without and the Mora Law within."

An dfort to understand the origins and workings of the cosmos

has characterized nearly al religions throughout history,

whether in the overt worship of a sun god, the ascription of
spiritud significance to phenomena such as eclipses, or simply
asense of awe at the wonders of the heavens.

Was Kant's remark merely the sentimental musing of a
philosopher not benefited by discoveries of modern science, or
is there a harmony achievable between science and faith in the
profoundly important question of the origins of the universe?
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One of the challenges in achieving that harmony is that sci-
ence is not static. Scientists are constantly reaching into new
arenas, investigating the natural world in new ways, digging
deeper into territory where understanding is incomplete. Faced
with a set of data that includes a puzzling and unexplained
phenomenon, scientists construct hypotheses of the mecha-
nism that might be involved, and then conduct experiments to
test those hypotheses. Many experiments on the cutting edge of
science fail, and most hypotheses turn out to be wrong. Science
is progressive and self-correcting: no significantly erroneous
conclusions or false hypotheses can be sustained for long, as
newer observations will ultimately knock down incorrect con-
structs. But over along period of time, a consistent set of obser-
vations sometimes emerges that leads to a new framework of
understanding. That framework is then given a much more sub-
stantive description, and is caled a "theory"—the theory of
gravitation, the theory of relativity, or the germ theory, for in-
stance.

One of the most cherished hopes of a scientist is to make
an observation that shakes up a field of research. Scientists
have a streak of closeted anarchism, hoping that someday they
will turn up some unexpected fact that will force a disruption of
the framework of the day. That's what Nobel Prizes are given
for. In that regard, any assumption that a conspiracy could exist
among scientists to keep a widely current theory aive when it
actually contains serious flaws is completely antithetical to the
restless mind-set of the profession.

The study of astrophysics nicely exemplifies these princi-
ples. Profound upheavals have occurred over the last five hun-
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dred years, during which the understanding of the nature of
matter and the structure of the universe has undergone major
revisons. No doubt more revisions till lie ahead of us.

These disruptions can sometimes be wrenching for at-
tempts to achieve a comfortable synthesis between science and
fath, especidly if the church has attached itself to a prior view
of things and incorporated that into its core belief system.
Today's harmony can be tomorrow's discord. In the sixteenth
and seventeenth centuries, Copernicus, Kepler, and Galileo (all
drong believers in God) built an increasingly compelling case
that the movement of the planets could be properly understood
only if the earth revolved around the sun, rather than the other
way around. The details of their conclusions were not al quite
correct (Galileo made a famous blooper in his explanation of
the tides), and many in the scientific community were initialy
unconvinced, but ultimately the data and the consistency of the
theory's predictions convinced even the most skeptical scien-
tigs The Catholic Church remained strongly opposed, however,
cdaming that this view was incompatible with holy scripture. In
retrospect it is clear that the scriptural basis for those claims
was remarkably thin; nonetheless, this confrontation raged for
decades and ultimately did considerable harm, both to science
and to the church.

The past century has seen an unprecedented number of
revisons in our view of the universe. Matter and energy, pre-
vioudy assumed to be utterly different entities, were shown by
Einstein to be interchangeable by the famous equation E = mc?
(Eis energy, mis mass, and <ris the speed of light). The dual-
ign of wave and particle—that is, the fact that matter has
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simultaneous characteristics of both waves and particles—a
phenomenon demonstrated experimentally for light and small
particles such as electrons, was unanticipated and astounding
to many classically trained scientists. The Heisenberg uncer-
tainty principle of quantum mechanics, the realization that it
is possible to measure either the position or the momentum of
a particle, but not both at once, created particularly disruptive
consequences for both science and theology. Perhaps most
profoundly, our concept of the origin of the universe has un-
dergone a fundamental change over the course of the past
seventy-five years, on the basis of both theory and experi-
ment.

Most of these massive revisions in our understanding of the
material universe have come about within relatively narrow cir-
cles of academic investigation, and have remained largely out
of view for the general public. Occasional noble efforts, such as
Stephen Hawking's A Brief History/ of Time, have attempted to
explain the complexities of modern physics and cosmology to a
more general audience, but it seems likely that the 5 million
printed copies of Hawking's book remain largely unread by an
audience that overwhelmingly found the concepts within its
pages just too bizarre to comprehend.

Indeed, discoveries about physics in the last few decades
have led to insights about the nature of matter that are pro-
foundly counterintuitive. The physicist Ernest Rutherford com-
mented one hundred years ago that "a theory that you can't
explain to a bartender is probably no damn good." By this stan-
dard, many of the current theories about the fundamental parti-
cles that make up al matter hold up rather poorly.
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Among the many strange concepts now well documented
experimentally are such things as the fact that neutrons and
protons (which we used to think were the fundamental parti-
cles of the atomic nucleus) are actually made up of six flavors
of quarks (named "up," "down," "strange," "charmed," "bottom,"
and "top"). The six flavors become even stranger when they are
described as each having three colors (red, green, and blue).
The quirky names given to these particles at least prove that
scientists have a sense of humor. A dizzying array of other par-
ticles, from photons to gravitons to gluons and muons, create
a world so foreign to everyday human experience that they
cause many nonscientists to shake their heads in dishelief. Yet
dl of these particles make possible our very existence. For
those who argue that materialism should be favored over the-
ism, because materialism is simpler and more intuitive, these
new concepts present a major challenge. A variation on Ernest
Rutherford's dictum is famoudly known as Occam's Razor, a
misspelled attribution to the fourteenth-century English logi-
cian and monk William of Ockham. This principle suggests
that the simplest explanation for any given problem is usu-
dly best. Today, Occam's Razor appears to have been
relegated to the Dumpster by the bizarre models of quantum
physics.

non non

But in one very important sense, Rutherford and Occam are
dill honored: as puzzling as the verbal descriptions of these
newly discovered phenomena are, their mathematical represen-
tation invariably turns out to be elegant, unexpectedly simple,
and even beautiful. When | was a graduate student in physica
chemistry at Yde, | had the remarkable experience of taking a
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course in relativistic quantum mechanics from Nobe laureate
Willis Lamb. His class style was to work through the theories of
relativity and quantum mechanics from first principles. He did
this entirely from memory but occasionally skipped steps and
charged us, his wide-eyed student admirers, to fill in the gaps
before coming to the next class.

Though | ultimately moved on from physical science to biol-
ogy, this experience of deriving simple and beautiful universa
equations that describe the reality of the natural world left a
profound impression on me, particularly because the ultimate
outcome had such aesthetic appeal. This raises the first of sev-
eral philosophical questions about the nature of the physica
universe. Why should matter behave in such a way? In Eugene
Wigner's phrase, what could be the explanation for the "unrea-
sonable effectiveness of mathematics'?

Is this no more than a happy accident, or does it reflect
some profound insight into the nature of reality? If one is will-
ing to accept the possibility of the supernatural, is it also an in-
sight into the mind of God? Were Einstein, Heisenberg, and
others encountering the divine?

In the final sentences of A Brief History of Time, referring to
a hoped-for time when an eloquent and unified theory of every-
thing is developed, Stephen Hawking (not generally given to
metaphysical musings) says, "Then we shal al, philosophers,
scientists, and just ordinary people, be able to take part in the
discussion of the question of why it is that we and the universe
exist. If we find the answer to that, it would be the ultimate tri-
umph of human reason—for then we would know the mind of
God."? Are these mathematical descriptions of reality signposts
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to some greater intelligence? Is mathematics, along with DNA,
another language of God?

Certainly, mathematics has led scientists right to the
doorstep of some of the most profound questions of al. First
among them: how did it al begin?

THE BIG BANG

At the beginning of the twentieth century, most scientists as-
sumed a universe with no beginning and no end. This created
certain physical paradoxes, such as how the universe man-
aged to remain stable without collapsing upon itself because
of the force of gravity, but other alternatives did not seem
very attractive. When Einstein developed the theory of gen-
erd relativity in 1916, he introduced a "fudge factor" to block
gravitational implosion and retain the idea of a steady-state
universe. He later reportedly called this "the greatest mistake
of my life."

Other theoretical formulations proposed the alternative of a
universe that had begun at a particular moment, and then ex-
panded to its present state; but it remained for experimental
measurements to confirm this before most physicists were will-
ing to consider that hypothesis seriously. Those data were ini-
tidly provided by Edwin Hubble in 1929, in a famous set of
experiments in which he looked at the rate at which neighbor-
ing galaxies are receding from our own.

Using the Doppler effect—the same principle that allows the
state police to determine the speed of your car as you pass by
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their radar equipment, or that causes the whistle of an oncom-
ing train to have a higher pitch than after it has passed you—
Hubble found that everywhere he looked, the light in the
galaxies suggested that they were receding from ours. The far-
ther away they were, the faster the galaxies were receding.

If everything in the universe is flying apart, reversing the
arrow of time would predict that at some point all of these
galaxies were together in one incredibly massive entity. Hub-
ble's observations started a deluge of experimental measure-
ments that over the last seventy years have led to the
conclusion by the vast mgjority of physicists and cosmologists
that the universe began at a single moment, commonly now re-
ferred to as the Big Bang. Calculations suggest it happened ap-
proximately 14 billion years ago.

A particularly important documentation of the correctness
of this theory was provided rather accidentally by Arno Pen-
zias and Raobert Wilson in 1965, when they detected what ap-
peared to be an annoying background of microwave signals
regardless of where they pointed their new detector. After rul-
ing out al other possible causes (including certain pigeons,
who were initially suspected as the culprits), Penzias and Wil-
son ultimately realized that this background noise was com-
ing from the universe itsdf, and that it represented precisely
the kind of afterglow that one would expect to find as a con-
sequence of the Big Bang, arising from the annihilation of
matter and antimatter in the early moments of the exploding
universe.

Additional compelling evidence for the correctness of the
Big Bang theory has been provided by the ratio of certain ele-
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ments throughout the universe, particularly hydrogen, deu-
terium, and helium. The abundance of deuterium is remarkably
constant, from nearby stars to the farthest-flung galaxies near
our event horizon. That finding is consistent with all of the uni-
verse's deuterium having been formed at unbelievably high
temperatures in a single event during the Big Bang. If there
were multiple such events in different locations and times, we
would not expect such uniformity.

Based on these and other observations, physicists are in
agreement that the universe began as an infinitely dense, di-
mensionless point of pure energy. The laws of physics break
down in this circumstance, referred to as a "singularity.” At
least so far, scientists have been unable to interpret the very
earliest events in the explosion, occupying the first 10® sec-
onds (one tenth of a millionth of a millionth of a millionth of a
millionth of a millionth of a millionth of a millionth of a sec-
ond!). After that, it is possible to make predictions about the
events that would need to have occurred to result in today's
observable universe, including the annihilation of matter and
antimatter, the formation of stable atomic nuclei, and ulti-
mately the formation of atoms, primarily hydrogen, deuterium,
and helium.

A currently unanswered question is whether the Big Bang
has resulted in a universe that will go on expanding forever, or
whether at some point gravitation will take over and the galax-
ies will begin to fdl back together, ultimately resulting in a "Big
Crunch." Recent discoveries of little-understood quantities
known as dark matter and dark energy, which seem to occupy a
very substantial amount of the material in the universe, leave
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the answer to this question hanging, but the best evidence at
the moment predicts a slow fade, rather than a dramatic col-

lapse.

WHAT CAME BEFORE THE BIG BANG?

The existence of the Big Bang begs the question of what came
before that, and who or what was responsible. It certainly
demonstrates the limits of science as no other phenomenon
has done. The consequences of Big Bang theory for theology
are profound. For faith traditions that describe the universe as
having been created by God from nothingness (ex nihilo), thisis
an dectrifying outcome. Does such an astonishing event as the
Big Bang fit the definition of a miracle?

The sense of awe created by these realizations has caused
more than a few agnostic scientists to sound downright theo-
logical. In God and the Astronomers, the astrophysicist Robert
Jastrow wrote this final paragraph: "At this moment it seems as
though science will never be able to raise the curtain on the
mystery of creation. For the scientist who has lived by his faith
in the power of reason, the story ends like a bad dream. He has
scaled the mountains of ignorance; he is about to conquer the
highest peak; as he pulls himsdlf over the final rock, he is
greeted by a band of theologians who have been sitting there
for centuries."?

For those looking to bring the theologians and the scientists
closer together, there is much in these recent discoveries of the
origin of the universe to inspire mutual appreciation. Elsewhere
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in his provocative book, Jastrow writes: "Now we see how the
astronomical evidence leads to a hiblical view of the origin of
the world. The details differ, but the essential elements and the
astronomical and biblical accounts of Genesis are the same; the
chain of events leading to man commenced suddenly and
sharply at a definite moment in time, in a flash of light and en-
ergy."*

| have to agree. The Big Bang cries out for a divine explana-
tion. It forces the conclusion that nature had a defined begin-
ning. | cannot see how nature could have created itsdf. Only a
supernatural force that is outside of space and time could have
done that.

But what of the rest of creation? What are we to make of
the long, drawn-out process by which our own planet, Earth,
came into existence, some 10 hillion years after the Big Bang?

FORMATION OF OUR SOLAR SYSTEM AND PLANET EARTH

For the first million years after the Big Bang, the universe ex-
panded, the temperature dropped, and nuclei and atoms began
to form. Matter began to coalesce into galaxies under the force
of gravity. It acquired rotational motion as it did so, ultimately
resulting in the spira shape of galaxies such as our own. Within
those galaxies local collections of hydrogen and helium were
drawn together, and their density and temperature rose. Ulti-
mately nuclear fuson commenced.

This process, whereby four hydrogen nuclel fuse together to
form both energy and a helium nucleus, provides the major
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source of fud for stars. Larger stars burn faster. As they begin
to burn out, they generate within their core even heavier ele-
ments such as carbon and oxygen. Early in the universe (within
the first few hundred million years) such elements appeared
only in the core of these collapsing stars, but some of these
stars then went through massive explosions known as super-
novae, flinging heavier elements back into the gas in the
galaxy.

Scientists believe our own sun did not form in the early
days of the universe; our sun is instead a second- or third-
generation star, formed about 5 billion years ago by a local re-
coalescence. As that was occurring, a small proportion of
heavier elements in the vicinity escaped incorporation into the
new star, and instead collected into the planets that now rotate
around our sun. This includes our own planet, which was far
from hospitable in its early days. Initially very hot, and bom-
barded with continual massive collisions, Earth gradualy
cooled, developed an atmosphere, and became potentialy hos-
pitable to living things by about 4 billion years ago. A mere 150
million years later, the earth was teeming with life.

All of these steps in the formation of our solar system are
now well described and unlikely to be revised on the basis of
additional future information. Nearly al of the atoms in your
body were once cooked in the nuclear furnace of an ancient su-
pernova—you are truly made of Stardust.

Are there theological implications to any of these discover-
ies? How rare are we? How unlikely?

An argument can be made that the origin of complex life
forms in this universe could not have happened in less than

63



THE ORIGINS OF THE UNIVERSE

about 5-10 hillion years after the Big Bang, since the first gener-
ation of stars would not have contained the heavier elements
like carbon and oxygen that we believe are necessary for life, at
leest as we know it. Only a second- or third-generation star,
and its accompanying planetary system, would carry that po-
tential. Even then, a great deal of time would be necessary for
life to reach sentience and intelligence. While other life forms
not dependent on heavy elements might potentially exist else-
where in the universe, the nature of such organisms is ex-
tremely difficult to contemplate from our current knowledge of
chemistry and physics.

This does, of course, raise the question about whether life
exists elsewhere in the universe of a sort that we would recog-
nize. While no one on earth has any current data to support or
refute this, a famous equation proposed by radio astronomer
Frank Drake in 1961 allowed a consideration of what the prob-
abilities might be. The Drake equation is most useful as a way
of documenting the state of our ignorance. Drake noted, smply
and logicaly, that the number of communicating civilizations in
our own galaxy must be the product of seven factors:

* the number of stars in the Milky Way galaxy (about
100 billion), times

* the fraction of stars that have planets around them,
times

* the number of planets per star that are capable of sus-
taining life, times

* the fraction of those planets where life actually evolves,
times
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* the fraction of these where the life that evolvesis intelli-
gent, times

* the fraction of these that actually developed the ability to
communicate, times

* the fraction of these planets' life during which the ability
to communicate overlaps with ours

We have been able to communicate beyond Earth for less
than a hundred years. The earth is approximately 4.5 hillion
years old, so Drake's last factor reflects only a tiny fraction of
Earth's years of existence: 0.000000022. (One might argue, de-
pending on one's perspective about the distinct likelihood of
our destroying ourselves in the future, whether that fraction will
ever get much larger than this.)

Drake's formula is interesting but essentially useless, be-
cause of our inability to state with any degree of certainty the
value of almost all of the terms except for the number of stars
in the Milky Way galaxy. Certainly other stars have been dis-
covered with planets around them, but the rest of the terms
remain hidden in mystery. Nonetheless, the Search for Ex-
traterrestrial Intelligence (SETI) Institute, founded by Frank
Drake himsdlf, has now engaged amateur and professiona
physicists, astronomers, and others in an organized effort to
seek signals that might be coming from other civilizations in
our galaxy.

Much has been written about the potential theological sg-
nificance of the discovery of life on other planets, should that
happen to come to pass. Would such an event automaticaly
render humankind on planet Earth less "special"? Would the ex-
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istence of life on other planets make a creator God involved in
the process less likdy? In my view, such conclusions do not
realy seem warranted. If God exists, and seeks to have fellow-
ship with sentient beings like ourselves, and can handle the
challenge of interacting with 6 billion of us currently on this
planet and countless others who have gone before, it is not
clear why it would be beyond His abilities to interact with simi-
lar creatures on a few other planets or, for that matter, a few
million other planets. It would, of course, be of great interest to
discover whether such creatures in other parts of the universe
also possess the Mord Law, given its importance in our own
perception of the nature of God. Redigtically, however, it isun-
likely that any of us will have the opportunity to learn the an-
swers to those questions during our lifetime.

THE ANTHROPIC PRINCIPLE

Now that the origin of the universe and our own solar system
has become increasingly well understood, a humber of fasci-
nating apparent coincidences about the natural world have
been discovered that have puzzled scientists, philosophers,
and theologians alike. Consider the following three observa-
tions:

1. In the early moments of the universe follow-
ing the Big Bang, matter and antimatter were cre-
ated in amost equivalent amounts. At one
millisecond of time, the universe cooled enough
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for quarks and antiquarks to "condense out." Any
qguark encountering an antiquark, which would
happen quickly at this high density, resulted in the
complete annihilation of both and the release of a
photon of energy. But the symmetry between mat-
ter and antimatter was not quite precise; for about
every hillion pair of quarks and antiquarks, there
was an extra quark. It is that tiny fraction of the
initial potentiality of the entire universe that makes
up the mass of the universe as we now know it.

Why did this asymmetry exist? It would seem
more "natural” for there to be no asymmetry. But if
there had been complete symmetry between mat-
ter and antimatter, the universe would quickly
have devolved into pure radiation, and people,
planets, stars, and galaxies would never have
come into existence.

2. The way in which the universe expanded
after the Big Bang depended criticaly on how
much total mass and energy the universe had, and
also on the strength of the gravitational constant.
The incredible degree of fine-tuning of these physi-
cal constants has been a subject of wonder for
many experts. Hawking writes: "Why did the uni-
verse start out with so nearly the critical rate of ex-
pansion that separates models that recollapse
from those that go on expanding forever, that even
now, 10 thousand million years later, it is still ex-
panding at nearly the critical rate? If the rate of ex-
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pansion one second after the Big Bang had been
smaller by even one part in 100 thousand million
million, the universe would have recollapsed be-
fore it ever reached its present size."®

On the other hand, if the rate of expansion had
been greater by even one part in a million, stars
and planets could not have been able to form. Re-
cent theories involving an incredibly rapid expan-
sion (inflation) of the universe at very early times
appear to offer a partial explanation for why the
present expansion is so close to the critica value.
However, many cosmologists would say that this
simply pushes the question back to why the uni-
verse had just the right properties to undergo such
an inflationary expansion. The existence of a uni-
verse as we know it rests upon a knife edge of im-
probability.

3. The same remarkable circumstance applies
to the formation of heavier elements. If the strong
nuclear force that holds together protons and neu-
trons had been even dightly weaker, then only hy-
drogen could have formed in the universe. If, on
the other hand, the strong nuclear force had been
dightly stronger, al the hydrogen would have been
converted to helium, instead of the 25 percent that
occurred early in the Big Bang, and thus the fusion
furnaces of stars and their ability to generate heav-
ier elements would never have been born.

Adding to this remarkable observation, the nu-
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clear force appears to be tuned just sufficiently for
carbon to form, which is critical for life forms on
Earth. Had that force been just dightly more at-
tractive, al the carbon would have been converted
to oxygen.

Altogether, there are fifteen physical constants whose val-
ues current theory is unable to predict. They are givens: they
simply have the value that they have. This list includes the
speed of light, the strength of the weak and strong nuclear
forces, various parameters associated with electromagnetism,
and the force of gravity. The chance that al of these constants
would take on the values necessary to result in a stable uni-
verse capable of sustaining complex life forms is almost infini-
tesimal. And yet those are exactly the parameters that we
observe. In sum, our universe is wildly improbable.

You may rightly object at this point that this argument is a
bit circular: the universe had to have parameters associated
with this kind of stability or we would not be here to comment
upon it. This general conclusion is referred to as the Anthropic
Principle: the idea that our universe is uniquely tuned to give
rise to humans. It has been a source of much wonder and spec-
ulation since it was fully appreciated a few decades ago.®

Essentidly, there are three possible responses to the An-
thropic Principle:

1. There may be an essentially infinite number
of universes, either occurring simultaneously with
our own or in some sequence, with different val-
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ues of the physical constants, and maybe even dif-
ferent physical laws. We are, however, unable to
observe the other universes. We can exist only in a
universe where al the physical properties work to-
gether to permit life and consciousness. Ours is
not miraculous, it is simply an unusual product of
trial and error. This is called the "multiverse" hy-
pothesis.

2. There is only one universe, and thisis it. It
just happened to have dl the right characteristics
to give rise to intelligent life. If it hadn't, we
wouldn't be here discussing this. We are just very,
very, very lucky.

3. There isonly one universe, and thisisit. The
precise tuning of al of the physical constants and
physical laws to make intelligent life possible is
not an accident, but reflects the action of the one
who created the universe in thefirst place.

Regardless of one's preference for option 1, 2, or 3, there is

no question that this is potentially a theological issue. Hawking,
quoted by lan Barbour,” writes, "The odds against a universe
like ours emerging out of something like the Big Bang are enor-

mous. | think there are clearly religious implications."
Going even further, in A Brief History of Time, Hawking

states: "It would be very difficult to explain why the universe
should have begun in just this way, except as the act of a God
who intended to create beings like us.

n8

Another distinguished physicist, Freeman Dyson, after re-
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viewing this series of "numerical accidents,"” concludes, "The
more | examine the universe and the details of its architecture,
the more evidence | find that the universe in some sense must
have known we were comi ng."9 And Arno Penzias, the Nobd
Prize-winning scientist who codiscovered the cosmic mi-
crowave background radiation that provided strong support for
the Big Bang in the first place, states, "The best data we have
are exactly what | would have predicted, had | nothing to go on
but the five Books of Moses, the Psalms, the Bible as a whole"*°
Perhaps Penzias was thinking of the words of David in Psalm 8:
"When | consider your heavens, the work of your fingers, the
moon and the stars, which you have set in place, what is man
that you are mindful of him?"

So where should we come down on the three options listed
above? Let's approach it logicaly. To begin with, we have the
observation of the universe as we know it, including ourselves.
We then wish to calculate which of these three possible options
is most likely. The problem is, we don't have a good way of de-
ciding the landscape of probahilities, except perhaps for option
2. For option 1, as the number of parallel universes approaches
infinity, then the likelihood of at least one of them having the
physical properties for life could be substantial. For option 2,
however, the probability will be vanishingly small. The likdi-
hood of option 3 depends on the existence of a supernatural
Creator who cares about a nonsterile universe.

On the basis of probability, option 2 is the least plausible.
That then leaves us with option 1 and option 3. Thefirst islogi-
caly defensible, but this near-infinite number of unobservable
universes strains credulity. It certainly fails Occam's Razor.
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Those categorically unwilling to accept an intelligent Creator
will argue, however, that option 3 is not simpler at al, since it
reguires the intercession of a supernatural being. It could be ar-
ogued, however, that the Big Bang itself seems to point strongly
tovad a Creator, since otherwise the question of what came
befare is left hanging in the air.

If one is willing to accept the argument that the Big Bang
requires a Creator, then it is not a long leap to suggest that the
Credtor might have established the parameters (physical con-
gants, physical laws, and so on) in order to accomplish a par-
ticular goal. If that goal happened to include a universe that
was more than a featureless void, then we have arrived at
option 3.

In trying to judge between options 1 and 3, a particular
parable by philosopher John Ledie comes to mind." In this
padde, an individual faces a firing squad, and fifty expert
marksmen aim their rifles to carry out the deed. The order is
gven, the shots ring out, and yet somehow dal of the bullets
miss and the condemned individual walks away unscathed.

How could such a remarkable event be explained? Ledie
Uggests there are two possible alternatives, which correspond
loour options 1 and 3. In the first place, there may have been
thousands of executions being carried out in that same day, and
even the best marksmen will occasionally miss. So the odds
jugt happen to be in favor of this one individual, and al fifty of
the marksmen fal to hit the target. The other option is that
omething more directed is going on, and the apparent poor
am of the fifty experts was actually intentional. Which seems
more plausible?
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One must leave open the door to the possibility that future
investigation in theoretical physics will demonstrate that some
of the fifteen physical constants that so far are smply deter-
mined by experimental observation may be limited in their po-
tential numerical value by something more profound, but such
a revelation is not currently on the horizon. Furthermore, as
with other arguments in this chapter and those that precede
and follow it, no scientific observation can reach the leve of
absolute proof of the existence of God. But for those willing to
consider a theistic perspective, the Anthropic Principle certainly
provides an interesting argument in favor of a Creator.

QUANTUM MECHANICS AND THE UNCERTAINTY PRINCIPLE

Isaac Newton was a believer who wrote more about biblical in-
terpretation than he did about mathematics and physics, but
not al those who followed him shared that same faith. At the
beginning of the nineteenth century, the marquis de Laplace, a
distinguished French mathematician and physicist, put forward
the point of view that nature is governed by a set of precise
physical laws (some discovered, some yet to be discovered),
and nature is therefore unable to avoid adhering to those laws.
In Laplace's view, that requirement would extend to the tiniest
particles, the most far-flung parts of the universe, and aso to
human beings and their thought processes.

Laplace postulated that once the initial configuration of the
universe was established, al other future events, including
those involving human experiences of the past, present, and fu-
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ture, were irreversibly specified. This represented an extreme
form of scientific determinism, obviously leaving no place for
God (except at the beginning) or the concept of free will. It cre-
ated quite a stir in the scientific and theological communities.
(As Laplace famoudy said to Napoleon, when asked about God,
"l have no need of that hypothesis.")

A century later Laplace's concept of precise scientific deter-
minism was overturned, not by theological arguments but by
scientific insights. The revolution known as quantum mechan-
ics began, smply enough, as an effort to explain an unsolved
problem in physics concerning the spectrum of light. Based on
a number of observations, Max Planck and Albert Einstein
demonstrated that light did not come in al possible energies,
but that it was "quantized" in particles of precise energy, known
as photons. At bottom, therefore, light is not infinitely indivisi-
ble, but comprises a flow of photons, just as the resolution of a
digital camera cannot be any finer than a single pixel.

At the same time, Nidls Bohr examined the structure of the
atom and wondered how it is that electrons manage to remain
in orbit around the nucleus. The negative charge of each elec-
tron should attract it to the positive charge of each proton in
the nucleus, ultimately resulting in an unavoidable implosion of
al matter. Bohr postulated a similar quantum argument, devel-
oping a theory that postulated that electrons could exist only in
a certain number of finite states.

The foundations of classical mechanics began to crack, but
the most profound philosophical consequences of these revela-
tions appeared subsequently from physicist Werner Heisenberg,
when he showed convincingly that in this bizarre quantum
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world of very small distances and tiny particles, it was impossi-
ble to measure the position and momentum of a particle accu-
rately at the same time. This uncertainty principle, which bears
Heisenberg's name, overturned Laplacean determinism in one
stroke, since it indicated that any initial configuration of the
universe could never actually be determined as precisely as
would be required for Laplace's predictive model.

The consequences of quantum mechanics for an under-
standing of the meaning of the universe have been the subject
of much speculation over the last eighty years. Einstein himsdf,
though he played an important role in the early development of
guantum mechanics, initialy rejected the concept of uncer-
tainty, famoudly remarking, "God does not play dice."

The theist might reply that the game would not appear to
be dice to God, even if it does to us. As Hawking points ott,
"We could ill imagine that there is a set of laws that deter-
mines events completely for some supernatural being, who
could observe the present state of the universe without disturb-
ing it."2

COSMOLOGY AND THE GOD HYPOTHESIS

This brief review of the nature of the universe leads to a recon
sideration of the plausibility of the God hypothesis in a more
general way. | am reminded of Psalm 19, where David writes,
"The heavens declare the glory of God; the skies proclaim the
work of His hands." Clearly, the scientific worldview is not e
tirely sufficient to answer all of the interesting questions about
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the origin of the universe, and there is nothing inherently in
conflict between the idea of a creator God and what science
has revealed. In fact, the God hypothesis solves some deeply
troubling questions about what came before the Big Bang, and
why the universe seems to be so exquisitely tuned for us to be
here.

For the theist, who is led from the Mora Law argument
(Chapter 1) to seek a God who not only set the universe in mo-
tion, but takes an interest in human beings, such a synthesis
can be readily achieved. The argument would go something like
this:

If God exists, then He is supernatural .

If He is supernatural, then He is not limited by
natural laws.

If He is not limited by natural laws, there is no
reason He should be limited by time.

If He is not limited by time, then He is in the past,
the present, and the future.

The consequence of those conclusions would include:

He could exist before the Big Bang and He could
exist after the universe fades away, if it ever
does.

He could know the precise outcome of the forma-
tion of the universe even before it started.

He could have foreknowledge of a planet near the
outer rim of an average spiral galaxy that
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would have just the right characteristics to
alow life.

He could have foreknowledge that that planet
would lead to the development of sentient
creatures, through the mechanism of evolu-
tion by natural selection.

He could even know in advance the thoughts and
actions of those creatures, even though they
themselves have free will.

I will have much more to say about the latter steps in this
synthesis, but the outlines of a satisfying harmony between sci-
ence and belief can now be seen.

This proposed synthesis is not intended to gloss over Al
challenges and areas of discord. Believers in particular world
religions certainly encounter specific difficulties with some of
the details of the origin of the universe predicted by science.

Deists like Einstein, who view God as having started the
whole process but then paying no attention to subsequent de-
velopments, are generally comfortable with recent conclusions
of physics and cosmology, with the possible exception of the
uncertainty principle. But the comfort level of the major theis-
tic religions is somewhat variable. The idea of a finite begin-
ning of the universe is not entirely resonant with Buddhism,
where an oscillating universe would be more compatible. But
the theistic branches of Hinduism encounter no maor conflict
with the Big Bang. Neither do most (but not dl) interpreters of
islam.

For the Judaeo-Christian tradition, the opening words of
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Genesis ('In the beginning, God created the heavens and the
earth") are entirely compatible with the Big Bang. In one no-
table example. Pope Pius Xl of the Roman Catholic Church was
a strong supporter of Big Bang theory even before its scientific
underpinnings were well established.

Not al Christian interpretations have been so supportive of
this scientific view of the universe, however. Those who inter-
pret Genesis in absolutely literal terms conclude that the earth
is only six thousand years old, and therefore reject most of the
conclusions just cited. Their position is in some ways under-
standable as an appeal to truth: believers in a religion that is
undergirded by sacred texts rightly object to loose interpreta-
tions of their meaning. Texts that seem to describe historical
events should be interpreted as alegory only if strong evidence
requiresit.

But is Genesis in this category? Unquestionably the lan-
guage is poetic. Does it exhibit poetic license? (There will be
much more to say about thisin a later chapter.) This is not just
a modern-day question; throughout history debates have raged
between literalists and nonliteralists. Saint Augustine, probably
one of the greatest of al religious intellects, was particularly
aware of the risks of turning biblical texts into precise scientific
treatises, and wrote, with specific reference to Genesis: "In mat-
ters that are so obscure and far beyond our vision, we find in
Holy Scripture passages which can be interpreted in very differ-
ent ways without prejudice to the faith we have received. In
such cases, we should not rush in headlong and so firmly take
our stand on one side that, if further progress in the search for
truth justly undermines this position, we too fdl with it."*

83



TheLanguage of God

The next chapters look more closely at those aspects of
science devoted to the study of life. The potential conflicts be-
tween science and faith, at least as perceived by many mod-
ern commentators, will continue to appear. But | will argue
that if we wisely apply Saint Augustine's advice, crafted well
over a thousand years before there was any reason to be
apologetic about Darwin, we will be able to find a consistent
and profoundly satisfying harmony between these world-
views.



CHAPTER FOUR

Lifeon Earth
Of Microbes and Man

E ADVANCES OF SCIENCE in the modern age have come
I at the cost of certain traditional reasons for belief in
God. When we had no idea how the universe came into
existence, it was easier to ascribe it all to an act of God, or
many separate acts of God. Similarly, until Kepler, Copernicus,
and Galileo upset the applecart in the sixteenth century, the
placement of Earth at the center of the majestic starry heavens
seemed to represent a powerful argument for the existence of
God. If He put us on center stage, He must have built it al for
us. When heliocentric science forced a revision of this percep-
tion, many believers were shaken up.
But a third pillar of belief continued to carry considerable
weight: the complexity of earthly life, implying to any reason-
able observer the handiwork of an intelligent designer. As we
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shall see, science has now turned this upside down. But here,
as with the other two arguments, | would like to suggest that
science should not be denied by the believer, it should be em-
braced. The elegance behind life's complexity is indeed reason
for awe, and for belief in God—but not in the simple, straight-
forward way that many found so compelling before Dawin
came along.

THE "ARGUMENT FROM DESIGN" dates back at least to Cicero. It
was put forward with particular effectiveness by William Pdey
in 1802 in a highly influential book, Natural Theology, or Evi-
dences of the Existence and Attributes of the Deity Collectedfiom
the Appearance of Nature. Paey, a moral philosopher and Angli-
can priest, posed the famous watchmaker anal ogy:

In crossing a heath, suppose | pitched my foot
against a stone, and were asked how the stone
came to be there; | might possibly answer that, for
anything | knew to the contrary, it had lain there
forever. Nor would it perhaps be very easy to show
the absurdity of this answer. But suppose | had
found a watch upon the ground, and it should be
inquired how the watch happened to be in that
place; | should hardly think of the answer, which |
had before given, that for anything | knew, the
watch might have aways been there . . . the watch
must have had a maker: that there must have ex-
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isted, at some time, and at some place or other, an
artificer or artificers, who formed it for the purpose
which we find it actually to answer; who compre-
hended its construction, and designed its use. . . .
Every indication of contrivance, every manifesta-
tion of design, which existed in the watch, exists in
the works of nature; with the difference, on the side
of nature, of being greater or more, and that in a
degree which exceeds al computation.

The evidence of design in nature has been compelling to
humanity throughout much of our existence. Darwin himsdf,
before his voyage on the HMIS Beagle, was an admirer of Paley's
writings, and professed to be convinced by this view. However,
even simply as a matter of logic, there is a flaw in Paley's argu-
ment. The point he is making can be summarized as follows:

1. A watch iscomplex.

2. A watch has an intelligent designer.

3. Lifeis complex.

4. Therefore, life also has an intelligent designer.

But the fact that two objects share one characteristic
(complexity) does not imply they will share all characteristics.
Consider, for example, the following parallel argument:

1. Electric current in my house consists of a flow of
electrons.
2. Electric current comes from the power company.
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3. Lightning consists of a flow of electrons.
4. Therefore, lightning comes from the power company.

As appealing as it seems, Paley's argument cannot be the
whole story. To examine the complexity of life and our own ori-
gins on this planet, we must dig deep into the fascinating reve-
lations about the nature of living things wrought by the current
revolution in paleontology, molecular biology, and genomics. A
believer need not fear that this investigation will dethrone the
divine; if God is truly Almighty, He will hardly be threatened by
our puny efforts to understand the workings of His natural
world. And as seekers, we may well discover from science
many interesting answers to the question "How does life
work?' What we cannot discover, through science alone, are
the answers to the questions "Why is there life anyway?' and
"Why am | here?'

ORIGINS OF LIFE ON PLANET EARTH

Science begins to answer the question of life's complexity with
a timeline. We now know that the universe is approximately 14
billion years old. A century ago, we didn't even know how long
our own planet had been around. But the subsequent discovery
of radioactivity and the natural decay of certain chemica iso-
topes provided an elegant and rather precise means of deter-
mining the age of various rocks on Earth. The scientific basis of
this method is described in detail in Brent Dalrymple's book The
Age of the Earth, and depends upon the known and very long
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half-lives by which three radioactive chemical elements steadily
decay and transform into different, stable elements: uranium
dowly becomes lead, potassium slowly becomes argon, and the
more exotic strontium becomes the rare element called rubid-
ium. By measuring the amounts of any of these pairs of ele-
ments, we can estimate the age of any particular rock. All of
these independent methods give results that are strikingly con-
cordant, pointing to an age of Earth of 4.55 billion years, with
an estimated error of only about 1 percent. The oldest rocks
that have been dated on the current earth surface are approxi-
mately 4 billion years old, but nearly seventy meteorites and a
number of moon rocks have been dated at 4.5 hillion years
old.

All evidence currently available suggests that the earth was
a very inhospitable place for its first 500 million years. The
planet was under constant and devastating attack from giant
asteroids and meteorites, one of which actually tore the moon
loose from Earth. Not surprisingly, therefore, rocks dating back
4 billion years or more show absolutely no evidence of any life
forms. Just 150 million years later, however, multiple different
types of microbial life are found. Presumably, these single-
celled organisms were capable of information storage, probably
using DNA, and were self-replicating and capable of evolving
into multiple different types.

Recently, Carl Woese has put forward the plausible hypoth-
esis that at this particular time on earth, exchange of DNA be-
tween organisms was readily accomplished.? Essentiadly, the
biosphere consisted of a large number of miniscule indepen-
dent cells, but they interacted extensively with one another. If a
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particular organism developed a protein or series of proteins
that provided a certain advantage, those new features could
quickly be acquired by its neighbors. Perhaps in that sense,
early evolution was more a communal than an individua activ-
ity. This kind of "horizontal gene transfer" is well documented
in the most ancient forms of bacteria that now exist on the
planet (archaebacteria), and may have provided an opportunity
for new properties to be rapidly spread.

But how did self-replicating organisms arise in the first
place? It is fair to say that at the present time we smply do not
know. No current hypothesis comes close to explaining how in
the space of a mere 150 million years, the prebiotic environ-
ment that existed on planet Earth gave rise to life. That is not to
say that reasonable hypotheses have not been put forward, but
their statistical probability of accounting for the development of
life still seems remote.

Ffty years ago, famous experiments by Stanley Miller and
Harold Urey reconstructed a mixture of water and organic com-
pounds that might have represented primeval circumstances on
Earth. By applying an electrical discharge, these researchers
were able to form small quantities of important biological build-
ing blocks, such as amino acids. The finding of small amounts
of similar compounds within meteorites arriving from outer
space has also been put forward as an argument that such
complex organic molecules can arise from natural processesin
the universe.

Beyond this point, however, the details become quite
sketchy. How could a self-replicating information-carrying mal-
ecule assemble spontaneously from these compounds? DNA,
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with its phosphate-sugar backbone and intricately arranged or-
ganic bases, stacked neatly on top of one another and paired
together at each rung of the twisted double helix, seems an ut-
terly improbable molecule to have "just happened'—especially
since DNA seems to possess ho intrinsic means of copying it-
«df. More recently, many investigators have pointed instead to
RNA as the potential first life form, since RNA can carry infor-
mation and in some instances it can also catalyze chemical re-
actions in ways that DNA cannot. DNA is something like the
hard drive on your computer: it is supposed to be a stable
medium in which to store information (though, as with your
computer, bugs and snafus are always possible). RNA, by con-
trast, is more like a Zip disk or a flash drive—it travels around
with its programming, and is capable of making things happen
on its own. Despite substantial effort by multiple investigators,
however, formation of the basic building blocks of RNA has not
been achievable in a Miller-Urey type of experiment, nor has a
fully self-replicating RNA been possible to design.

The profound difficulties in defining a convincing pathway
for life's origin have led some scientists, most notably Francis
Crick (who with James Watson discovered the DNA double
helix), to propose that life forms must have arrived on Earth
from outer space, either carried by small particles floating
through interstellar space and captured by Earth's gravity or
. even brought here intentionally (or accidentally) by some an-
cient space traveler. While this might solve the dilemma of life's
appearance on Earth, it does nothing to resolve the ultimate
question of life's origin, since it simply forces that astounding
event to another time and place even further back.
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A word is in order here about an objection often raised by
some critics to any possibility of the spontaneous origin of life
on Earth, based on the Second Law of Thermodynamics. The
Second Law states that in a closed system, where neither en-
ergy nor matter can enter or leave, the amount of disorder
(more formally known as "entropy") will tend to increase over
time. Since life forms are highly ordered, some have argued
that it would therefore be impossible for life to have come into
being without a supernatural creator. But this betrays a misun-
derstanding of the full meaning of the Second Law: order can
certainly increase in some part of the system (as happens every
day when you make the bed or put away the dishes), but that
will require an input of energy, and the total amount of disorder
in the entire system cannot decrease. In the case of the origin of
life, the closed system is essentially the whole universe, energy
is available from the sun, and so the local increase in order that
would be represented by the first random assembly of macro-
molecules would in no way violate this law.

Given the inability of science thus far to explain the pro-
found question of life's origins, some theists have identified the
appearance of RNA and DNA as a possible opportunity for di-
vine creative action. If God's intention in creating the universe
was to lead to creatures with whom He might have felowship,
namely human beings, and if the complexity required to dart
the process of life was beyond the ability of the universes
chemicals to self-assemble, couldn't God have stepped in to ini-
tiate the process?

This could be an appealing hypothesis, given that no si-
ous scientist would currently claim that a naturalistic explana-
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tion for the origin of life is a hand. But that is true today, and it
may not be true tomorrow. A word of caution is needed when
inserting specific divine action by God in this or any other area
where scientific understanding is currently lacking. From solar
eclipses in olden times to the movement of the planets in the
Middle Ages, to the origins of life today, this "God of the gaps"
approach has al too often done a disservice to religion (and by
implication, to God, if that's possible). Faith that places God in
the gaps of current understanding about the natural world may
be headed for crisis if advances in science subsequently fill
those gaps. Faced with incomplete understanding of the natural
world, believers should be cautious about invoking the divine in
areas of current mystery, lest they build an unnecessary theo-
logica argument that is doomed to later destruction. There are
good reasons to believe in God, including the existence of
mathematical principles and order in creation. They are positive
reasons, based on knowledge, rather than default assumptions
based on (a temporary) lack of knowledge.

In summary, while the question of the origin of life is a fas-
cinating one, and the inability of modern science to develop a
dtatistically probable mechanism is intriguing, this is not the
place for a thoughtful person to wager his faith.

THE FOSSIL RECORD

While amateur and professional scientists have been turning up
fossls for centuries, these discoveries have reached a particu-
larly intense phase over the last twenty years. Many of the pre-
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vious gaps in understanding of the history of life on Earth are
now being filled by the discovery of extinct species. Further-
more, their age can often be accurately estimated, based on the
same process of radioactive decay that helped determine the
age of the earth.

The vast mgority of organisms that have ever lived on
Earth have left absolutely no trace of their existence, since fos
sils arise only in highly unusual circumstances. (For example, a
creature has to be caught in a certain type of mud or rock, with-
out being picked apart by predators. Most bones rot and crum-
ble. Most creatures decay.) Given that redlity, it is actually rather
amazing that we have such a wealth of information about or-
ganisms that have lived on this planet.

The timeline revealed by the fossl record is woefully in-
complete, but still very useful. For example, only single-celled
organisms appear in sediments that are older than about 550
million years, although it is possible that more complicated or-
ganisms existed prior to this time. Suddenly, approximately 550
million years ago, a great number of diverse invertebrate body
plans appear in the fossl record. This is often referred to as the
"Cambrian explosion,” and is chronicled in highly readable fom
by the late Stephen Jay Gould, the most passionate and lyricd
writer on evolution of hisgeneration, in his book Wonderful Life.
Gould himself questioned how evolution could account for the
remarkable diversity of body plans that appeared in such a
short span of time. (Other experts have been much less im
pressed with the claim that the Cambrian represents a disconti-
nuity in life's complexity, though their writings have been les
widely distributed to the general public. The so-called Cambrian
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exploson might, for example, reflect a change in conditions
that allowed fossilization of a large number of species that had
actually been in existence for millions of years.)

While attempts have been made by certain theists to argue
that the Cambrian explosion is evidence of the intervention of
some supernatural force, a careful examination of the facts
does not seem to warrant this. Thisis another "God of the gaps"
argument, and once again believers would be unwise to hang
their faith upon such a hypothesis.

Current evidence suggests that the land remained barren
until about 400 million years ago, at which point plants ap-
peared on dry land, derived from aquatic life forms. A scarce 30
million years later, animals had also moved onto land. At one
time, this step pointed to another gap: there appeared to be few
trangitional forms between sea creatures and land-dwelling
tetrapods in the fossil record. Recent discoveries, however, have
documented compelling examples of just this kind of transition.?

Beginning about 230 million years ago, dinosaurs domi-
nated the earth. There is now general acceptance that their
reign came to a sudden and catastrophic end approximately 65
million years ago, at the time of the collison of planet Earth
with a large asteroid that fdl in the general vicinity of what is
now the Yucatan peninsula. Fine ash kicked up by this horren-
dous collison has been identified around the world, and the
catastrophic climate changes that occurred from this vast
amount of dust in the atmosphere apparently were too much
for the dominant dinosaur species, leading to their demise and
the subsequent rise of mammals.

That ancient asteroid collision is a tantalizing event. It may
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have been the only possible means by which the dinosaurs could
have become extinct and mammals could have flourished. We
probably wouldn't be here if that asteroid had not hit Mexico.
Mogt of us have a particular interest in the fossil record of
humans, and here too the discoveries of the last few decades
have been profoundly revealing. Bones of more than a dozen
different hominid species have been discovered in Africa, with
steadily increasing crania capacity. The first specimens we rec-
ognize as modern Homo sapiens date from about 195,000 years
ago. Other branches of hominid development appear to have
encountered dead ends: the Neanderthals that existed in Europe
until 30,000 years ago, and the recently discovered "hobhbits”
tiny people with small brains who lived on the idand of Horesin
Indonesia until extinction as recently as 13,000 years ago.

While there are many imperfections of the foss| record, ad
many puzzles remain to be solved, virtualy al of the findings
are consistent with the concept of a tree of life of related organ-
isms. Good evidence exists for transitional forms from reptiles
to birds, and from reptiles to mammals. Arguments that this
model cannot explain certain species, such as whales, hae
generally falen by the wayside as further investigation has re
veadled the existence of transitional species, often at predsdy
the date and place that evolutionary theory would predict.

DARWIN'S REVOLUTIONARY IDEA

Born in 1809, Charles Darwin initialy studied to become a
cleric of the Church of England, but developed a deep interest
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in naturalism. Though the young Darwin was initialy com-
pelled by Paley's watchmaker argument, and saw design in na-
ture as proof of a divine source, his views began to change
when he traveled on the HMS Beagle from 1831 to 1836. He vis-
ited South America and the Galapagos Islands, where he exam-
ined the fossilized remains of ancient organisms and observed
the diversity of life forms in isolated environments.

Building on these observations, and based on additional
work over more than twenty years, Darwin developed the the-
ory of evolution by natural selection. In 1859, faced with the
possibility of being scooped by Alfred Russel Wallace, he finaly
wrote and published his ideas in the profoundly influential book
The Origin of Species. Recognizing that the arguments in this
book were likely to have broad reverberations, Darwin mod-
estly commented near the end of the book, "When the views
advanced by me in this volume, and by Mr. Wallace, or when
analogous views on the origin of species are generaly admit-
ted, we can dimly foresee that there will be a considerable rev-
olution in natural history."*

Darwin proposed that dl living species are descended from
a small set of common ancestors—perhaps just one. He held
that variation within a species occurs randomly, and that the
survival or extinction of each organism depends upon its ability
to adapt to the environment. This he termed natural selection.
Recognizing the potentially explosive nature of the argument,
he hinted that this same process might apply to humankind,
and developed this more fully in a subsequent book, The De-
scent of Man.

The Origin of Species engendered immediate and intense
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controversy, though the reaction from religious authorities
was not as universally negative as is often portrayed today. In
fact, the notable conservative Protestant theologian Benjamin
Warfield of Princeton accepted evolution as "a theory of the
method of the divine providence,"> while arguing that evolution
itself must have had a supernatural author.

There are many myths about public reaction to Darwin. For
example, though there was a famous debate between Thomas
H. Huxley (an ardent promoter of evolution) and Bishop Samuel
Wilberforce, Huxley probably did not say (as legend has it) that
he was unashamed to have a monkey for an ancestor, and
would only be ashamed to be related to anyone who obscured
the truth. Furthermore, far from his being ostracized by the
religious community, Darwin was buried in Westminster
Abbey.

Darwin himsalf was deeply concerned about the effect of
his theory on religious belief, though in The Origin of Species he
took pains to point out a possible harmonious interpretation: "
see no good reason why the views given in this volume should
shock the religious feelings of anyone. ... A celebrated author
and divine has written to me that he 'has gradually learned
to see that it is just as noble a conception of the deity to be-
lieve that he created a few origind forms capable of «Hf-
development into other and needful forms, as to believe that he
required a fresh act of creation to supply the voids caused by
the action of hislaws.' "®

Darwin even concludes The Origin of Species with the fd-
lowing sentence: "There is grandeur in this view of life, with its
several powers, having been originaly breathed by the Crestor
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into a few forms or into one; and that, whilst this planet has
gone cycling on according to the fixed law of gravity, from so
smple a beginning, endless forms most beautiful and most
wonderful have been, and are being evolved."’

Darwin's own personal beliefs remain ambiguous and
seemed to vary throughout the last years of his life. At one time
he said, "Agnostic would be the most correct description of my
state of mind." At another time he wrote that he was greatly
challenged by "the extreme difficulty, or rather the impossibility,
of conceiving this immense and wonderful universe, including
man with his capacity for looking far backwards and far into fu-
turity, as the result of blind chance or necessity. When thus re-
flecting | fed compelled to look to a Firs Cause having an
intelligent mind in some degree analogous to that of man; and |
deserve to be called a Theist."®

No serious biologist today doubts the theory of evolution to
explain the marvelous complexity and diversity of life. In fact,
the relatedness of al species through the mechanism of evolu-
tion is such a profound foundation for the understanding of all
biology that it is difficult to imagine how one would study life
without it. Y& what area of scientific inquiry has generated
more friction with religious perspectives than Darwin's revolu-
tionary insight? From the circuslike Scopes "monkey tria" in
1925 right through to today's debates in the United States about
the teaching of evolution in the schools, this battle shows no
signs of ending.
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DNA, THE HEREDITARY MATERIAL

Darwin's insight was al the more remarkable at the time be-
cause it lacked a physica basis. It took a century of work to dis-
cover just how there could be modifications in life's ingtruction
book, in order to accommodate Darwin's "descent with modifi-
cations" idea.

Gregor Mendel, a relatively obscure Augustinian monk in
what is now the Czech Republic, was a contemporary of Da-
win and had read The Origin of Species, but they probably never
met. Mendel was the first to demonstrate that inheritance
could come in discrete packets of information. Through
painstaking experiments with pea plants in the garden of his
monastery, he concluded that hereditary factors involved in
such attributes as the wrinkled or smooth appearance of pess
were controlled by mathematical rules. He didn't know what a
gene was, but his observations suggested that something like
genes must exist.

Mendel's work was largely ignored for thirty-five years.
Then, in one of the remarkable coincidences that occasionally
arise in the history of science, it was rediscovered smultane-
ously by three other scientists within a few months of the turn
of the twentieth century. In his famous studies on "inborn e-
rors of metabolism," rare diseases that occurred in certan
families in his medical practice, Archibald Garrod was able to
show conclusively that Mendel's rules applied to humans, ad
that these disorders came about as a consequence of the
same kind of inheritance that Mendel had appreciated in
plants.
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Mendd and Garrod added mathematical specificity to the
notion of heritability in humans, though of course the reality of
inherited characteristics such as skin and eye color was already
familiar to anyone who was a close observer of our species.
The mechanism behind these patterns remained obscure, how-
ever, as no one had successfully deduced the chemical basis of
inheritance. Most researchers in the first half of the twentieth
century assumed that inherited traits must be conveyed by pro-
teins, since they appeared to be the most diverse molecules of
living things.

It was not until 1944 that the microbiological experiments
of Oswad T. Avery, Calin M. MacLeod, and Maclyn McCarty
showed that it was DNA, not protein, that was capable of trans-
ferring inherited characteristics. Though the existence of DNA
hed been known for almost a hundred years, it was previously
condgdered to be little more than nuclear packing material, of
no particular interest.

Less than a decade later, a truly beautiful and elegant an-
swver to the chemical nature of inheritance emerged. The furi-
ous race to determine the structure of DNA was won in 1953 by
James Watson and Francis Crick, as is chronicled in Watson's
entertaining book The Double Helix. Watson, Crick, and Maurice
Wilkins, utilizing data produced by Rosalind Franklin, were able
to deduce that the DNA molecule has the form of a double
hdix, a twisted ladder, and that its information-carrying capac-
ity is determined by the series of chemical compounds that
comprise the rungs of the ladder.

As a chemist, knowing how extraordinary the qualities of
DNA redlly are, and how brilliant its solution is to the problem
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of coding lifeé's design, | am in awe of this molecule. Let me try
to explain just how elegant DNA redly is.

As shown in Figure 4.1, the DNA molecule has a number of
remarkable features. The outside backbone is made up of a mo-
notonous ribbon of phosphates and sugars, but the interesting
suff lies on the inside. The rungs of the ladder are made up of
combinations of four chemical components, called "bases"
Let's call them (from the actual chemical names of these DNA
bases) A, C, G, and T. Each of these chemical bases has a par-
ticular shape.

Now imagine that out of these four shapes, the A shape can
fit neatly only on a ladder rung next to the T shape, and the G
shape can fit only next to the C shape. These are "base pairs.
Then you can picture the DNA molecule as a twisting ladder,
with each rung made up of one base pair. There are four poss-
ble rungs: A-T, T-A, C-G, and G-C. If any single base is damaged
on any one strand, it can be easily repaired by reference to the
other strand: the only possible replacement for a T (for exam-
ple) is another T. Perhaps most elegantly, the double hdix im-
mediately suggests a means of its self-copying, since esch
strand can be used as a template for the production of a new
one. If you split al the pairs in hdf, cutting your ladder down
the center of each rung, each half-ladder contains dl the infor-
mation needed to rebuild a complete copy of the original.

As a first approximation, one can therefore think of DNA as
an instructional script, a software program, sitting in the nu-
cleus of the cell. Its coding language has only four letters (or
two bits, in computer terms) in its alphabet. A particular in
struction, known as a gene, is made up of hundreds or thou-

(07



LIFE ON EARTH

/ CHROMOSOME

CYTOPLASM

BASES

DNA MOLECULE ____

Figure 4.1. The double helix of DNA. Information is carried by the order
of the chemical bases (A, C, G, and T). DNA is packaged into chromo-
somes, which reside in the nucleus of every cell.

sands of letters of code. All of the elaborate functions of the
cdl, even in as complex an organism as ourselves, have to be
directed by the order of lettersin this script.
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At fird, scientists had no idea how the program was actu-
aly "run." This puzzle was neatly solved by the identification of
"messenger RNA." The DNA information that makes up a spe-
cfic gene is copied into a single-stranded messenger RNA moal-
ecule, something like a half ladder with its rungs dangling from
a single side. That haf ladder moves from the nucleus of the
cel (the information storehouse) to the cytoplasm (a highly
complex gel mixture of proteins, lipids, and carbohydrates),
where it enters an elegant protein factory called the ribosome.
A team of sophisticated translators in the factory then read the
bases protruding from the floating half-ladder messenger RNA
to convert the information in this molecule into a specific pro-
tein, made up of amino acids. Three "rungs' of RNA information
make one amino acid. It is proteins that do the work of the cdl
and provide its structural integrity (Figure 4.2).

This brief description only scratches the surface of the de-
gance of DNA, RNA, and protein, which continues to be a
source of awe and wonder. There are sixty-four possible three-
letter combinations of A, C, T, and G, but only twenty amino
acids. That means that there has to be built-in redundancy: for
instance, GAA in DNA and RNA codes for the amino acid cdled
glutamic acid, but so does GAG.

Investigations of many organisms, from bacteria to hu
mans, revealed that this "genetic code,” by which information
in DNA and RNA is translated into protein, is universal in dl
known organisms. No tower of Babdl was to be allowed in the
language of life. GAG means glutamic acid in the language of
soil bacteria, the mustard weed, the alligator, and your aunt
Gertrude.
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Figure 4.2. The flow of information in molecular biology: DNA -*RNA
protein.
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These advances gave birth to the field of molecular biology.
The discovery of various other miniature chemical wonders, in-
cluding proteins that act like scissors or glue, has enabled sci-
entists to manipulate DNA and RNA by stitching together bits
and pieces of these instructional molecules from different
sources. This collection of molecular biological laboratory
tricks, collectively referred to as recombinant DNA, has inspired
a whole new field of biotechnology, and together with other ad-
vances promises to revolutionize the treatment of many dis-
eases.

BIOLOGICAL TRUTH AND ITS CONSEQUENCES

For the believer who has previously taken the argument from
design as a compelling demonstration of God's role in creating
life, the conclusions put forward in this chapter can be unset-
tling. No doubt many readers have reasoned for themselves, or
been taught in various religious settings, that the glorious
beauty of a flower or the flight of an eagle could come about
only as the consequence of a supernatural intelligence that ap-
preciated complexity, diversity, and beauty. But now that molec-
ular mechanisms, genetic pathways, and natural selection are
being put forward to explain al this, you might be tempted to
cry out, "Enough! Your naturalistic explanations are taking dl
the divine mystery out of the world!"

Do not fear, there is plenty of divine mystery left. Many peo-
ple who have considered all the scientific and spiritua evidence
still see God's creative and guiding hand at work. For me, there
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is not a shred of disappointment or disillusionment in these dis-
coveries about the nature of life—quite the contrary! How mar-
velous and intricate life turns out to be! How deeply satisfying
is the digital elegance of DNA! How aesthetically appealing and
artistically sublime are the components of living things, from
the ribosome that translates RNA into protein, to the metamor-
phosis of the caterpillar into the butterfly, to the fabulous
plumage of the peacock attracting his mate! Evolution, as a
mechanism, can be and must be true. But that says nothing
about the nature of its author. For those who believe in God,
there are reasons now to be more in awe, not less.



CHAPTER FIVE

Deciphering God's I nstruction Book

The L essons of the Human Genome

HEN | WAS A RESEARCH FELLOW IN GENETICS at Yale
Win the early 1980s, the determination of the actual

sequence of several hundred letters of the DNA
code was an arduous undertaking. The methods were finicky,
requiring many preparative steps, the use of expensive and
dangerous reagents such as radioactive chemicals, and the
manua pouring of ultrathin gels that were nearly always
plagued with bubbles and other imperfections. The details are
unimportant; the point is, it took forever, with lots of trial and

aror, just to sort out a few hundred letters of the human DNA
code

Despite those challenges, my firg published paper on
human genetics was based on DNA sequencing. | was studying
the production of just one protein, found in the red blood cells
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of the human fetus in utero, that is supposed to gradualy dis-
appear after birth, when babies begin to breathe with ther
own lungs. The protein is called fetd hemoglobin. Hemoglobin
is the protein that allows red blood cells to deliver oxygen from
our lungs to al of the rest of the body. Humans and some apes
use a special version of hemoglobin before birth that helps ex-
tract oxygen from the mother's blood to nourish the growing
fetus. During the first year of life, this feta hemoglobin gradu-
ally turns off, and the adult form is produced instead. However,
in a Jamaican family | was studying, substantial quantities of
fetal hemoglobin continued to appear in adulthood. The cause
of this "hereditary persistence of fetal hemoglobin" was of in-
tense interest, because if we could learn how to trigger it on
purpose in anyone, it could greatly reduce the ravages of
sickle-cell anemia. Even 20 percent of feta hemoglobin in the
red blood cells of someone with sickle cell disease would es-
sentially eliminate the painful crises and progressive organ
damage.

I will never forget the day when my sequencing effort re-
vedled a G instead of a C in a specific position just "upstream”
of one of the genes that triggered feta hemoglobin production.
This single letter alteration turned out to be responsible far
leaving the fetal program switched on in adults. | was thrilled
but exhausted—it had taken eighteen months to discover this
single altered letter of the human DNA code.

It was with some astonishment, then, that | learned three
years later that a few visionary scientists had begun to discuss
the possibility of determining the DNA sequence of the entire
human genome, estimated to be about 3 billion base pairsin
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length. Surely this was not a goal that would be achieved dur-
ing my lifetime.

We knew relatively little then about what the genome might
contain. No one had actually seen the chemical bases of an in-
dividual human gene under the microscope (they were too
tiny). Only a few hundred genes had been characterized, and
estimates of how many genes the genome might contain varied
wildly. Even the definition of a gene was (and is) in a bit of dis-
array—simple definitions that a gene constitutes a stretch of
DNA that codes for a particular protein had been shaken by the
discovery that the protein-coding regions of genes are inter-
rupted by intervening DNA segments called introns. Depending
on how the coding regions are subsequently spliced together in
the RNA copy, one gene could sometimes code for several dif-
ferent (but related) proteins. Furthermore, there were long
stretches of DNA in between genes that didn't seem to be doing
very much; some even referred to these as "junk DNA," though
a certain amount of hubris was required for anyone to call any
part of the genome "junk," given our level of ignorance.

Despite al these uncertainties, there was no question how
valuable a complete genome sequence would be. Hiding in this
vast instruction book would be the parts list for human biology,
as well as clues to a long list of diseases that we understand
poorly and treat ineffectively. For me as a physician, the possi-
bility of laying open the pages of this most powerful textbook of
medicine was extremely compelling. And so, still junior in the
ranks of academia, and uncertain of the practical realities of
such an audacious plan, | joined the debate on the side of un-
dertaking an organized program to sequence the human
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genome—which soon became known as the Human Genome
Project.

My desire to see the human genome fully unveiled intensi-
fied considerably over the next few years. Leading a fledgling
research laboratory of earnest and hardworking graduate stu-
dents and postdoctoral fellows, | had decided to pursue the ge-
netic basis of certain diseases that had so far resisted dl
attempts at discovery. Foremost among these was cystic fibro-
sis (CF), the most common potentially fatal genetic disorder of
northern Europeans. The disease is usually diagnosed in an in-
fant or young child who fails to gain weight and suffers from re-
peated respiratory infections. Picking up on information from
observant mothers who had noted that these children taste
salty when kissed, physicians had identified a high concentra-
tion of chloride in a child's sweat as the diagnostic halmark.
We also knew that CF patients had thick, sticky secretions in
their lungs and pancreas—but we had no rea clue as to the
likely function of the gene that must have gone awry.

| first encountered CF when serving as a medical intern in
the late 1970s. In the 1950s kids with this disease had rardy
survived to age ten. Steady improvements in managing the
symptoms—replacing enzymes in the pancreas, treating lung
infections with better antibiotics, and improving nutrition ad
physical therapy—had gradually extended the life span of CF
patients so that many of them in the 1970s were surviving to a-
tend college, marry, and enter the workforce. But the long-term
prospects for cure were still bleak. Without a fundamental un-
derstanding of the genetic defect, medical researchers were jus
feding their way in the dark. All we knew was that somewhere
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in the 3 billion letters of the DNA code, at least one letter had
gone wrong in a vulnerable location.

To find such a subtle misspelling seemed an almost insur-
mountable problem of scale. But the other thing we knew about
CF is that it is inherited in a recessive pattern. To understand
the meaning of this, it is important to consider that we dl have
two copies of each gene, one inherited from Mom and one from
Dad. (The exceptions are genes on the X and the Y chromo-
somes, which are present in only a single copy in males.) In a
recessive disease like CF, a child is affected only if both copies
of the gene are faulty. For that to happen, both parents must
carry a flawed copy—but since individuals with one normal and
one faulty copy are entirely well, these carriers are generally
unaware of their status (about one in thirty individuals of north-
ern European ancestry is a CF carrier, and most of them have
no family history of the disease).

The genetic basis of CF thus allowed an interesting exercise
in DNA sleuthing: even without knowing anything about the re-
sponsible gene, researchers could track the inheritance of hun-
dreds of random bits of DNA from all over the genome in CF
families with multiple siblings, looking for DNA fragments that
were predictive of which siblings had CF and which did not.
Such fragments would by necessity have to be located close to
the CF gene. We couldn't read al 3 hillion pairs of letters, but
we could randomly shine a flashlight on a few million here, a
few million there, and look for any correlation with the disease.
We had to do this hundreds and hundreds of times, but the
genome is a bounded set of information—so if we kept at it, we
were confident of locating the right neighborhood.
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That was accomplished, to the astonishment and delight of
scientists and families alike, in 1985—and demonstrated that
the CF gene must reside somewhere within a 2 million base-
pair segment of DNA on chromosome 7. But the hard part had
really just begun. To employ an analogy | often used at that
time to explain why this was such a hard problem, the search
was like looking for a single burned-out lightbulb in the base-
ment of a house somewhere in the United States. The family
studies were a powerful beginning, in the sense that they d-
lowed us to identify the right state and ultimately the right
county. But this was the view from twenty thousand feet, and
this strategy could take us no further. A house-to-house search,
lightbulb by lightbulb, was required.

We didn't even have a map of the territory. This part of
chromosome 7, like most of the genome, had never been ex
plored in 1985. To pursue the metaphor, there were no street
maps of towns and villages, no blueprints of buildings, certainly
no inventory of lightbulbs. The work was brutal.

My team and | had invented a method called "chromo-
some jumping,” which allowed us to move across our 2 mil-
lion base-pair target in pogo-stick leaps, rather than cramling
aong in the traditional way. That helped by enabling the
house-to-house searches to be initiated in multiple locaions
at once. But the challenge was still almost overwhelming, and
many in the scientific community thought that this gpproach
was so impractical that it would just never work for a human
disease. In 1987, faced with limited resources and mounting
frustration, my lab joined forces with that of Lap-Chee T4ui,
talented Ph.D. researcher at the Hospital for Sick Children in
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Toronto. Our merged labs pressed on with renewed energy.
The search was like a detective story—we knew the mystery
would eventually be solved on the last page, but we didn't
know how long it would take to get there. There were clues
and blind alleys aplenty. After getting excited for the third or
fourth time about a possible answer, only to have it collapse
the next day because of new data, we stopped allowing our-
selves to be very optimistic about anything. We found it hard
to keep explaining to colleagues why we hadn't found the
gene yet, or aternatively why we hadn't just given up. At one
point, seeking another metaphor to explain the difficulty of
the problem, | even went to a local Michigan fam to have my
picture taken holding a sewing needle while sitting atop a
large haystack.

But one rainy night in May 1989, the answer finaly came.
There, spilling out of the fax machine Lap-Chee and | had set up
in the Yde dormitory where we were both attending a meeting,
was the data from that day's work in the lab—showing un-
equivocaly that a deletion of just three letters of the DNA code
(CTT, to be exact) in the protein-coding part of a previously un-
known gene was the cause of cystic fibrosis in the majority of
patients. Soon &fter, we and others were able to show that this
mutation and other less common misspellings in this same
gene, now called CFTR, account for virtually all cases of the dis-
ease.

There it was—the proof that we could actually find that
burned-out lightbulb, that we could identify a disease gene by
progressively narrowing its chromosomal position. It was a
grand moment of celebration. The road had been long and
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hard, but now hopes were high that research on finding a cure
could get under way in earnest.

At a subsequent gathering of thousands of CF researchers,
families, and clinicians, | wrote a song to commemorate the
gene discovery. Music has always helped me to express and ex-
perience things in ways that simple words cannot. Though my
guitar skills are only modest, | find great joy in those moments
where people raise their voices together. That experience is
made up more of spirit than of science. | found mysalf unable to
hold back the tears as these legions of good people rose from
their seats and sang along with the chorus:

Dare to dream, dare to dream,
All our brothers and sisters breathing free.
Unafraid, our hearts unswayed,
Till the story of CF is history.

The next steps proved harder than expected, and the dory
of CF is regrettably till not history. But the gene finding was in-
deed gratifying, and started CF research on a course toward
what we al expect will be ultimate victory. Adding up al of the
work that had been done by the more than two dozen teams
worldwide to find the CF gene, it had taken ten years and more
than $50 million to identify this one gene for this one disease.
And CF was supposed to be one of the easiest—since it was a
relatively common disease that followed Mendel's rules of in-
heritance precisely. How could we ever imagine extending this
work to the hundreds of rarer genetic diseases that urgently
needed unraveling? Even more challenging, how could we
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imagine applying this same strategy to diseases like diabetes,
schizophrenia, heart disease, or the common cancers, where
we know hereditary factors are critically important but the best
evidence indicates that many different genes are involved, and
no single gene contributes a very strong effect? In those in-
stances, there might be a dozen or more lightbulbs to discover,
and they weren't even expected to be burned out—just subtly
dimmer than they should be. If there was to be any hope of suc-
ceeding in these more difficult circumstances, we simply had to
have detailed and accurate information about every nook and
cranny in the human genome. We needed a house-by-house
map of the entire country.

Arguments about the wisdom of the project raged furioudy
during the late 1980s." While most scientists had to agree that
the information would eventually be useful, the sheer magni-
tude of the project made it seem almost unattainable. Further-
more, it was aready clear that only a small fraction of the
genome was dedicated to coding for protein, and the wisdom of
sequencing the rest (the "junk DNA") was debatable. One well-
known scientist wrote: "Sequencing the genome would be
about as useful as translating the complete works of Shake-
speare into cuneiform, but not quite as feasible or as easy to in-
terpret.”

Another wrote: "It makes no sense . . . geneticists would be
wading through a sea of drivel to emerge dry shod on a few tiny
idands of information." Much of the concern was really based,
however, on the potential cost of such an enterprise, and the
possibility that it might siphon funds away from the rest of the
biomedica research enterprise. The best antidote for that con-
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cern was to expand the pie, and find new funds for the project.
That was neatly engineered in the United States by the new di-
rector of the genome project, none other than Jm Watson him-
«f, the codiscoverer of the DNA double helix. Watson, at that
time the unrivaled rock star of biology, convinced Congress to
take a risk on this new endeavor.

Jm Watson ably oversaw the first two years of the US
Human Genome Project, establishing genome centers and re-
cruiting some of the best and brightest scientists of the current
generation to work on the project. Much skepticism remained,
however, about whether the project would be able to deliver on
its fifteen-year timetable, given that many of the technologies
needed for accomplishing the goals had not even been invented
yet. In 1992, a crisis occurred when Watson suddenly left the
project after a public argument with the director of the Nationa
Institutes of Health about the wisdom of patenting bits and
pieces of DNA (to which Watson was strongly opposed).

An intense national search ensued to find a new director.
No one was more surprised than | to find the selection process
converging on me. Being quite happy at the time leading a
genome center at the University of Michigan, and never having
imagined myself as a federa employee, | initialy indicated no
interest. But the decision haunted me. There was only one
Human Genome Project. This was going to be done only once
in human history. If it succeeded, the consequences for medi-
cine would be unprecedented. As a believer in God, was this
one of those moments where | was somehow being caled to
take on alarger role in a project that would have profound con
sequences for our understanding of ourselves? Here was a
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chance to read the language of God, to determine the intimate
details of how humans had come to be. Could | wak away? |
have aways been suspicious of those who claim to perceive
God's will in moments such as this, but the awesome signifi-
cance of this adventure, and the potential consequences for hu-
mankind's relationship with the Creator, could hardly be
ignored.

Vidting my daughter in North Carolina in November 1992, |
spent a long afternoon praying in a little chapel, seeking guid-
ance about this decision. | did not "hear" God speak—in fact, |
have never had that experience. But during those hours, ending
in an evensong service that | had not expected, a peace settled
over me. A few days later, | accepted the offer.

The next ten years were a wild roller coaster of experi-
ences. The origina goals of the Human Genome Project were
incredibly ambitious, but we set aggressive milestones and held
ourselves accountable for achieving them. There were mo-
ments of great frustration, when methods that seemed very
promising in initial tests turned out to fal spectacularly on a
larger scale. Friction sometimes broke out among members of
our scientific team, and it was my job to serve as mediator.
Some centers failed to keep up the pace and had to be phased
out, much to the dismay of their leaders. But there were also
moments of triumph, as challenging goals were met and new
medical insights began to pile up. By 1996, we were ready to
start piloting the actual large-scale sequencing of the human
genome, using a process that was vastly more technically ad-
vanced and cost effective than it had been in 1985 during my
hunt for the CF gene. In a defining moment, those of us leading
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the international public project made immediate access to the
data a requirement for participation, and agreed that no patents
of any sort would be filed on the DNA sequence. We could not
justify even a single day passing where researchers around the
world, aiming to understand important medical problems
would not have free and open access to the data being pro-
duced.

The next three years proved fruitful, and by 1999 we were
ready to accelerate dramatically. But a new challenge appeared
on the horizon. Sequencing the entire human genome had pre-
viously been considered unattractive as a commercial enter-
prise, but as the value of the information became more ad
more apparent, and the costs of sequencing came down, a
major challenge to the public Human Genome Project wes
mounted by a private company. Craig Venter, the leader of the
company soon to be named Celera, announced that he woud
carry out large-scale sequencing on the human genome, but
would file patents on many of the genes, and would keep the
data in a subscription database that would require dgnificant
payment for access.

The idea that the human-genome sequence might become
private property was deeply distressing. Even more of conocarn,
guestions began to be raised in the Congress about whether it
made sense to continue to spend taxpayers money on a progedt
that might better be carried out in the private sector—though no
actual data from the Celera team was available, and the sden+
tific strategy that Venter aimed to pursue was unlikely to yidd a
truly finished and highly accurate sequence. Y& a condant
stream of claims of higher efficiency poured out of the wdl-
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oiled Celera public relations machine, which also sought to
label the public project as slow and bureaucratic. Given that the
work of the Human Genome Project was being done in some of
the world's finest universities by some of the most creative and
dedicated scientists on the planet, that was a little hard to take.
Ye the press loved the controversy. Many articles were written
about "the race" to sequence the genome, and about Venter's
yacht and my motorcycle. What drivel! What most observers
seemed to miss was that this was not, at its core, a debate
about who would do the work faster or cheaper (both Celera
and the public project were now well situated to deliver on
this). It was instead a battle of ideals—would the human
genome sequence, our shared inheritance, become a commer-
cid commodity, or a universal public good?

No effort could now be spared by our team. Our twenty
public genome centers in six countries ran around the clock.
In the space of just eighteen months, after generating a thou-
sand base pairs a second, seven days a week, twenty-four
hours a day, a draft covering 90 percent of the human genome
sequence was in hand. All of the data continued to be re-
leased every twenty-four hours. For their part, Celera also
generated large amounts of data, but it remained out of view
in their private database. Recognizing that they could also
take advantage of public data, Celera ultimately stopped at
only hdf the production they had planned. Ultimately more
than half of the Celera genome assembly turned out to consist
of public data.

The attention to "the race" was becoming unseemly, and
threatened to diminish the importance of the goal. In late
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April 2000, with both Celera and the public project poised to
announce that a draft had been achieved, | approached a mu-
tual friend of Venter and myself (Ari Patrinos of the Depart-
ment of Energy's genome program), and asked him to set up
a secret meeting. Over beer and pizza in Ari's basement,
Venter and | worked out a plan for a simultaneous announce-
ment.

Thus, as described in the opening pages of this book, |
found myself standing next to the president of the United States
in the East Room of the White House on June 26, 2000, an-
nouncing that a first draft of the human instruction book hed
been determined. The language of God was revealed.

Over the next three years, | had the privilege of continuing
to lead the public project to refine this draft sequence, dosng
the remaining gaps, pushing the accuracy of the information to
a very high level, and continuing to deposit al of the data into
public databases on a daily basis. In April 2003, in the month
that marked the fiftieth anniversary of Watson and Cricks
publication on the double helix, we announced the completion
of al of the goals of the Human Genome Project. As the proect
manager of the enterprise, 1 was intensely proud of the more
than two thousand scientists who had accomplished this re-
markable feat, one that 1 believe will be seen a thousand
years from now as one of the mgor achievements of hu
mankind.

At a subsequent celebration of the success of the Huren
Genome Project, sponsored by the Genetic Alliance, a heat-
warming organization that exists to encourage and empower
families who face rare genetic diseases, | rewrote the familiar
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fok song "All the Good People" to fit the occasion. All joined in
the chorus:

Thisis asong for al the good people,
All the good people who are part of this family.
Thisis a song for al the good people,
We're joined together by this common thread.

| wrote another verse, about what many of those families
were going through as they struggled to cope with rare diseases
in themselves or their children:

This is a song for those who are suffering,
Your strength and your spirit have touched
one and all.

It's your dedication that's our inspiration,
Because of your courage, you help us stand tall.

And finally, | added a verse about the genome:

It's a book of instructions, a record of history,
A medical textbook, it's dl these entwined
It's of the people, by the people,

It's for the people, it'syoursand it's mine.

For me, as a believer, the uncovering of the human genome
sequence held additional significance. This book was written in
the DNA language by which God spoke life into being. | fet an
overwhelming sense of awe in surveying this most significant
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of al biological texts. Yes, it iswritten in a language we under-
stand very poorly, and it will take decades, if not centuries, to
understand its instructions, but we had crossed a one-way
bridge into profoundly new territory.

SURPRISES FROM THE FIRST READING OF THE GENOME

Entire books have been written about the Human Genome Prgj-
ect (probably too many, in fact).? Perhaps Il write my own
someday, hopefully with sufficient hindsight to avoid some of
the breathless pronouncements of many of the currently popu-
lar depictions. It is not the purpose of this book, however, to
dwell further upon that remarkable experience, but rather to re-
flect upon the ways that a modern understanding of science
can be harmonized with a belief in God.

In that regard, it is interesting to look carefully a the
genome of humankind, and to compare it with the genomes of
many other organisms that have now been sequenced. When
we survey the vast expanse of the human genome, 3.1 hillion
letters of the DNA code arrayed across twenty-four chromo-
somes, several surprises are immediately apparent.

One surprise is just how little of the genome is actudly
used to code for protein. Though limitations of both our experi-
mental and computational methods still prevent a precise edi-
mate, there are only about 20,000-25,000 protein-coding genes
in the human genome. The total amount of DNA used by those
genes to code for protein adds up to a measly 15 percent of the
total. After a decade of expecting to find at least 100,000 genes
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many of us were stunned to discover that God writes such short
stories about humankind. That was especialy shocking in the
context of the fact that the gene counts for other ssmpler organ-
isms such as worms, flies, and ssimple plants seem to be in
about the same range, namely around 20,000.

Some observers have taken this as a real insult to human
complexity. Have we been deluding ourselves about our special
place in the animal kingdom? Well, not redly—clearly gene
count must not be the whole story. By any estimation, the bio-
logica complexity of human beings considerably exceeds that
of a roundworm, with its total of 959 cells, even though the
gene count is similar for both. And certainly no other organism
has sequenced its own genome! Our complexity must arise not
from the number of separate instruction packets, but from the
way they are utilized. Perhaps our component parts have
learned how to multitask?

Another way to think about thisis to consider the metaphor
of language. The average educated English speaker has a vo-
cabulary of about 20,000 words. Those words can be used to
construct rather simple documents (such as an owner's manual
for your car) or much more complex works of literature such as
James Joyce's Ulysses. In the same way, worms, insects, fish,
and birds apparently need an extensive vocabulary of 20,000
genes to function, though they use these resources in less elab-
orate ways than we do.

Another striking feature of the human genome comes from
the comparison of different members of our own species. At the
DNA level, we are dl 99.9 percent identical. That similarity ap-
plies regardless of which two individuals from around the world
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you choose to compare. Thus, by DNA analysis, we humans are
truly part of one family. This remarkably low genetic diversty
distinguishes us from most other species on the planet, where
the amount of DNA diversity is ten or sometimes even fifty
times greater than our own. An aien visitor sent here to exam-
ine life forms on earth might have many interesting things to
say about humankind, but most certainly he would comment
on the surprisingly low level of genetic diversity within our
Species.

Population geneticists, whose discipline involves the use of
mathematical tools to reconstruct the history of populations of
animals, plants, or bacteria, look at these facts about the
human genome and conclude that they point to al members of
our species having descended from a common set of founders,
approximately 10,000 in number, who lived about 100,000 to
150,000 years ago. This information fits well with the fossl
record, which in turn places the location of those founding a
cestors most likely in East Africa

Another profoundly interesting consequence of the study of
multiple genomes has been the ability to do detailed compar-
isons of our own DNA sequence with that of other organisms.
Using a computer, one can pick a certain stretch of human DNA
and assess whether there is a smilar sequence in some other
species. If one picks the coding region of a human gene (thet is,
the part that contains the instructions for a protein), and uses
that for the search, there will nearly always be a highly dgnifi-
cant match to the genomes of other mammals. Many genes will
also show discernible but imperfect matches to fish. Some will
even find matches to the genomes of simpler organisms auch
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as fruit flies and roundworms. In some particularly striking ex-
amples, the similarity will extend all the way down to genes in
yeast and even to bacteria.

If, on the other hand, one chooses a hit of human DNA that
lies between genes, then the likelihood of being able to find a
similar sequence in the genomes of other distantly related or-
ganisms decreases. It does not disappear entirely; with careful
computer searching, about half of al such fragments can be
aligned with other mammalian genomes, and almost al of
them align nicely with the DNA of other nonhuman primates.
Table 51 shows the percentages for success of this kind of
matchup, divided up into various categories.

What does al this mean? At two different levels, it provides
powerful support for Darwin's theory of evolution, that is,

Gene Sequence Random DNA

That Codes Segment

for Protein Between Genes
Chimpanzee 100% 98%
Dog 99% 52%
Mouse 99% 40%
Chicken 75% 4%
Fruit fly 60% -0%
Roundworm 35% -0%

Table 5.1 Likedihood of Finding a Similar DNA Sequence in the Genome
of Other Organisms, Starting with a Human DNA Sequence
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Figure 5.1 On this page is a current view of the tree of life, where rda
tionships between different mammalian species are inferred soldy by a
comparison of their DNA sequences. The length of the branches rqre
sents the degree of difference between ies—thus the DNA

of mouse and rat are more closdy related than those of mouse ad
squirrel, and the DNA sequences of human and chimpanzee are noe
closely related than those of human and macagque. Opposite, for an ina-
esting historical comparison, is a page from Darwin's 1837 notebook,
where the words "I think" are followed by his own idea of the tree of life
that connects different species.
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descent from a common ancestor with natural selection operat-
ing on randomly occurring variations. At the level of the
genome as a whole, a computer can construct a tree of life
based solely upon the similarities of the DNA sequences of mul-
tiple organisms. The result is shown in Figure 5.1. Bear in mind
that this analysis does not utilize any information from the fos-
dl record, or from anatomic observations of current life forms.
Yet its similarity to conclusions drawn from studies of compara-
tive anatomy, both of existent organisms and of fossilized re-
mains, is striking. Second, within the genome, Darwin's theory
predicts that mutations that do not affect function (namely,
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those located in "junk DNA") will accumulate steadily over time,
Mutations in the coding region of genes, however, are expected
to be observed less frequently, since most of these will be dde-
terious, and only a rare such event will provide a selective ad-
vantage and be retained during the evolutionary process. Tha
is exactly what is observed. This latter phenomenon even go-
plies to the fine details of the coding regions of genes. From the
previous chapter, you may recall that the genetic code is degen-
erate: for example, GAA and GAG both code for glutamic add.
That means that it is possible for some mutations in the coding
region to be "silent,” where the encoded amino acid is not d-
tered by the change, and so no penalty is paid. When compar-
ing DNA sequences of related species, silent differences are
much more common in the coding regions than those that dter
an amino acid. That is exactly what Darwin's theory would pre-
dict. If, as some might argue, these genomes were created by
individual acts of specia creation, why would this particular
feature appear?

DARWIN AND DNA

Charles Darwin was intensely insecure about his theory of evo-
lution. Perhaps that accounts for the nearly twenty-five years
that passed between his development of the idea and his publi-
cation of The Origin of Species. There must have been may
times when Darwin wished that he could go back millions of
years in time and actually observe dl of the events that his the-
ory predicted. Of course he couldn't do that, and we can't do
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that today either. But lacking a time machine, Darwin could
hardly have imagined a more compelling digital demonstration
of his theory than what we find by studying the DNA of multiple
organisms.

In the mid-nineteenth century, Darwin had no way of
knowing what the mechanism of evolution by natural selection
might be. We can now see that the variation he postulated is
supported by naturally occurring mutations in DNA. These are
estimated to occur at a rate of about one error every 100 million
base pairs per generation. (That means, by the way, that since
we dl have two genomes of 3 hillion base pairs each, one from
our mother and one from our father, we al have roughly sixty
new mutations that were not present in either of our parents.)

Mogt of those mutations occur in parts of the genome that
are not essential, and therefore they have little or no conse-
guence. The ones that fdl in the more vulnerable parts of the
genome are generally harmful, and are thus rapidly culled out
of the population because they reduce reproductive fitness. But
on rare occasions, a mutation will arise by chance that offers a
dight degree of selective advantage. That new DNA "spelling"
will have a dightly higher likelihood of being passed on to fu-
ture offspring. Over the course of a very long period of time,
such favorable rare events can become widespread in al mem-
bers of the species, ultimately resulting in magjor changes in bio-
logicd function.

In some instances, scientists are even catching evolution in
the act, now that we have the tools to track these events. Some
critics of Darwinism like to argue that there is no evidence of
"macroevolution” (that is, mgor change in species) in the fossl
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record, only of "microevolution” (incremental change within a
species). We have seen finch beaks change shape over time,
they argue, depending upon changing food sources, but we
haven't seen new species arise.

This distinction is increasingly seen to be artificial. For ex-
ample, a group at Stanford University is engaged in an intense
effort to understand the wide diversity of body armor in gickle-
back fish. Sticklebacks that live in salt water typicaly have a
continuous row of three dozen armor plates extending fram
head to tail, but freshwater populations from many different
parts of the world, where predators are fewer, have lost most of
these plates.

The freshwater sticklebacks apparently arrived in their cur-
rent locations ten to twenty thousand years ago after wide-
spread melting of glaciers at the end of the last Ice Age A
careful comparison of the genomes of the freshwater fish has
identified a specific gene, EDA, whose variants have repegatedly
and independently appeared in a freshwater situation, result-
ing in loss of the plates. Interestingly, humans also have an
EDA gene, and spontaneous mutations in that gene result in
defects in hair, teeth, sweat glands, and bone. It is not hard to
see how the difference between freshwater and satwater
sticklebacks could be extended, to generate al kinds of fish.
The distinction between macroevolution and microevolution is
therefore seen to be rather arbitrary; larger changes that resut
in new species are a result of a succession of smaller incre-
mental steps.

Evolution is also seen to be at work in everyday experience
by the rapid variations in certain disease-causing viruses, bec-
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teria, and parasites that can cause mgor public health out-
breaks. When | contracted malaria in West Africa in 1989, that
was despite having taken the recommended prophylaxis
(chloroquine). Randomly occurring natural variations in the
genome of the malarial parasite, subjected to selection over
many years of heavy use of chloroquine in that part of the
world, had ultimately resulted in a pathogen that was resistant
to the drug, and therefore spread rapidly. Smilarly, rapid evolu-
tionary changes in the HIV virus that causes AIDS have pro-
vided a mgjor challenge for vaccine development, and are the
major cause of ultimate relapse in those treated with drugs
against AIDS. Even more in the public eye, the fears of a pan-
demic influenza outbreak from the HSN1 strain of avian flu are
based upon the high likelihood that the current strain, devastat-
ing as it already is to chickens and a few humans who have had
close contact with them, will evolve into a form that spreads
easily from person to person. Truly it can be said that not only
biology but medicine would be impossible to understand with-
out the theory of evolution.

WHAT DOES THIS SAY ABOUT HUMAN EVOLUTION?

Applying evolutionary science to sticklebacks may be one thing,
but what about ourselves? Since Darwin's time, people of many
different worldviews have been particularly motivated to under-
stand how revelations about biology and evolution apply to that
special class of animals, human beings.

The study of genomes leads inexorably to the conclusion
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that we humans share a common ancestor with other living
things. Some of that evidence is shown in Table 5.1, where the
similarity between the genomes of ourselves and other organ-
isms is displayed. This evidence alone does not, of course,
prove a common ancestor; from a creationist perspective, such
similarities could simply demonstrate that God used successful
design principles over and over again. As we shall see, how-
ever, and as was foreshadowed above by the discussion of
"dsilent" mutations in protein-coding regions, the detailed sudy
of genomes has rendered that interpretation virtualy unten-
able—not only about al other living things, but also about our-
selves.

As a firg example, let us look a a comparison of the
human and mouse genomes, both of which have been deter-
mined at high accuracy. The overall size of the two genomes is
roughly the same, and the inventory of protein-coding genesis
remarkably similar. But other unmistakable signs of a common
ancestor quickly appear when one looks at the details. For in
stance, the order of genes along the human and the mouse
chromosomes is generaly maintained over substantia
stretches of DNA. Thus, if | find human genes A, B, and C in that
order, |1 am likely to find that the mouse has counterparts of A,
B, and C also placed in that same order, although the spacing
between the genes may have varied a bit (Figure 5.2). In some
instances, this correlation extends over substantial distances;
virtually dl of the genes on human chromosome 17, for in-
stance, are found on mouse chromosome 11. While one might
argue that the order of genes is critical in order for their func
tion to occur properly, and therefore a designer might have
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Figure 5.2 The order of genes along a chromosome is often the same in
humans and mice, though the precise spacing between genes may vary
somewhat. Thus, if you find the order of three genesto be A, B, and C
along a human chromosome, you are very likdy to find the mouse coun-
terparts of the A, B, and C genes in the same order on the mouse chro-
mosome. Furthermore, now that complete genome sequences of both
humans and mice are available, it is possible to identify in the spaces be-
tween genes the remnants of many "jumping genes." These are trans-
posable elements that can insert themselves at random into the genome,
and even continue to do so a alow level today. By DNA sequence analy-
sis, some of these elements have acquired many mutations compared
with the origina jumping gene, and thus appear to be very old; these are
referred to as ancient repetitive elements (ARES). Interestingly, these an-
cient elements are often found in similar locations in the mouse and
human genomes (as in this example, where an ARE is present between
gene A and gene B in both human and mouse). Particularly interesting
are examples where the ARE was truncated at a precise base pair at the
time of insertion, losing part of its DNA sequence and al possibility of fu-
ture function (as in the example between gene B and gene C). Finding a
precisely truncated ARE in the same place in both human and mouse
genomes is compelling evidence that this insertion event must have oc-
curred in an ancestor that was common to both the human and the
mouse.

maintained that order in multiple acts of specid creation, there
is no evidence fram current understanding of molecular biology
that this restriction would need to goply over such substantia
chromosoma distances.

Even more compdling evidence for a common ancestor
comes from the study of what are known as ancient repetitive
elements (ARES. These arise fram "jumping genes," which are
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capable of copying and inserting themselves in various other
locations in the genome, usually without any functional conse-
guences. Mammalian genomes are littered with such ARES
with roughly 45 percent of the human genome made up of such
genetic flotsam and jetsam. When one aligns sections of the
human and mouse genomes, anchored by the appearance of
gene counterparts that occur in the same order, one can usudly
also identify AREs in approximately the same location in these
two genomes (Figure 5.2).

Some of these may have been lost in one species or the
other, but many of them remain in a position that is most
consistent with their having arrived in the genome of a com-
mon mammalian ancestor, and having been carried aong
ever since. Of course, some might argue that these are actu-
aly functional elements placed there by the Creator for a
good reason, and our discounting of them as "junk DNA" just
betrays our current level of ignorance. And indeed, some
small fraction of them may play important regulatory roles.
But certain examples severely strain the credulity of that ex-
planation. The process of transposition often damages the
jumping gene. There are AREs throughout the human ad
mouse genomes that were truncated when they landed, re-
moving any possibility of their functioning. In many in
stances, one can identify a decapitated and utterly defunct
ARE in parallel positions in the human and the mouse
genome (Figure 5.2).

Unless one is willing to take the position that God hes
placed these decapitated AREs in these precise positions to
confuse and mislead us, the conclusion of a common ancestor
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for humans and mice is virtually inescapable. This kind of re-
cent genome data thus presents an overwhelming challenge to
those who hold to the idea that al species were created ex ni-
hilo.

The placement of humans in the evolutionary tree of life is
only further strengthened by a comparison with our closest liv-
ing relative, the chimpanzee. The chimpanzee genome se-
guence has now been unveiled, and it reveals that humans and
chimps are 96 percent identical at the DNA level.

A further example of this close relationship stems from ex-
amination of the anatomy of human and chimpanzee chromo-
somes. Chromosomes are the visible manifestation of the DNA
genome, apparent in the light microscope at the time that a cell
divides. Each chromosome contains hundreds of genes. Figure
5.3 shows a comparison of the chromosomes between a human
and a chimpanzee. The human has twenty-three pairs of chro-
mosomes, but the chimpanzee has twenty-four. The difference
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in the chromosome number appears to be a consequence of
two ancestral chromosomes having fused together to generate
human chromosome 2. That the human must be a fuson is fur-
ther suggested by studying the gorilla and orangutan—they
each have twenty-four pairs of chromosomes, looking much
like the chimp.

Recently, with the determination of the complete sequence
of the human genome, it has become possible to look at the
precise location where this proposed chromosomal fuson must
have happened. The sequence at that location—along the long
arm of chromosome 2—is truly remarkable. Without getting
into the technical details, let me just say that special sequences
occur a the tips of al primate chromosomes. Those sequences
generally do not occur elsewhere. But they are found right
where evolution would have predicted, in the middle of our
fused second chromosome. The fusion that occurred as we
evolved from the apes has left its DNA imprint here. It is vary
difficult to understand this observation without postulating a
common ancestor.

Yet another argument for the common ancestry of chimps
and humans comes from the peculiar observation of what ae
called pseudogenes. Those are genes that have almost dl of the
properties of a functional DNA instruction packet, but are &-
flicted by one or more glitches that turn their script into gibber-
ish. When one compares chimp and human, occasional genes
appear that are clearly functiona in one species but not in the
other, because they have acquired one or more deleterious mu-
tations. The human gene known as caspase-12, for instance,
has sustained several knockout blows, though it is found in the
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identical relative location in the chimp. The chimp caspase-12
gene works just fine, as does the similar gene in nearly dl
mammals, including mice. If humans arose as a consequence
of a supernatural act of special creation, why would God have
gone to the trouble of inserting such a nonfunctional gene in
this precise location?

We can also now begin to explain the origins of a tiny
fraction of the more mechanical differences between us and
our closest relatives, some of which may play crucia roles in
our humanness. In one example, a gene for ajaw muscle pro-
tein (MYH16) appears to have mutated into a pseudogene in
humans. It continues to play a significant role in the develop-
ment and strength of the jaw muscles in other primates. It is
just conceivable that the inactivation of this gene led to a re-
duction in the mass of the human jaw muscle. Most apes have
relatively larger and stronger jaws than we do. Human and
ape skulls must, among other things, serve as an anchor for
these jaw muscles. It is possible that the development of
weaker jaws paradoxically allowed our skulls to expand up-
ward, and accommodate our larger brains. This is clearly
speculation, of course, and other genetic changes would be
necessary to account for the much larger brain cortex that
represents a mgjor component of the difference between hu-
mans and chimpanzees.

In another example, much interest has recently surrounded
the gene called FOXP2 because of its potential role in the de-
velopment of language. The story of FOXP2 began with the
identification of a single family in England where members of
three generations had severe difficulty in speaking. They strug-
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gled to process words according to grammatical rules, to un-
derstand complex sentence structure, and to move the muscles
of their mouths, faces, and voice boxes, to articulate certain
sounds.

In a tour de force of genetic sleuthing, the affected family
members were found to have a single letter of the DNA code
misspelled in the FOXP2 gene on chromosome 7. The fact that
a single gene with a subtle misspelling could cause such pro-
found language deficits, without other obvious conseguences,
was quite surprising.

The surprise rapidly escalated when it was shown that the
sequence of this same FOXP2 gene has been remarkably sta
ble in nearly all mammals. The most dramatic exception,
however, is humans, where two significant changes have oc-
curred in the coding region of the gene, apparently as recently
as a hundred thousand years ago. The hypothesis suggested
by these data is that these recent changes in FOXP2 may have
in some way contributed to the development of language in
human beings.

At this point, godless materialists might be cheering. If hu-
mans evolved strictly by mutation and natural selection, who
needs God to explain us? To this, | reply: |1 do. The comparison
of chimp and human sequences, interesting as it is, does not
tell us what it means to be human. In my view, DNA sequence
alone, even if accompanied by a vast trove of data on biologicd
function, will never explain certain specia human attributes,
such as the knowledge of the Mora Law and the universa
search for God. Freeing God from the burden of specia acts of
creation does not remove Him as the source of the things thet
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make humanity special, and of the universe itsdf. It merely
shows us something of how He operates.

EVOLUTION: A THEORY OR A FACT?

The examples reported here from the study of genomes, plus
others that could fill hundreds of books of this length, provide
the kind of molecular support for the theory of evolution that
has convinced virtually al working biologists that Darwin's
framework of variation and natural selection is unquestionably
correct. In fact, for those like myself working in genetics, it is
amost impossible to imagine correlating the vast amounts of
data coming forth from the studies of genomes without the
foundations of Darwin's theory. As Theodosius Dobzhansky, a
leading biologist of the twentieth century (and a devout Eastern
Orthodox Christian), has said, "Nothing in biology makes sense
except in the light of evolution."®

Clearly, however, evolution has been the source of great
discomfort in the religious community over the past 150 years,
and that resistance shows no signs of lessening. Yet believers
would be well advised to look carefully at the overwhelming
weight of scientific data supporting this view of the relatedness
of dl living things, including ourselves. Given the strength of
the evidence, it is perplexing that so little progress in public ac-
ceptance has occurred in the United States. Perhaps part of the
problem relates to a simple misunderstanding of the word "the-
ory." Critics are fond of pointing out that evolution is "only a
theory," a statement that puzzles working scientists who are
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used to a different meaning of that word. My Funk & Wagnalls
dictionary provides the following two alternative definitions for
the word "theory": "(1) a speculative or conjectural view of
something; (2) fundamental principles underlying a science, ar,
etc.: music theory, theory of equations.”

It is this second usage that scientists intend when they tak
about evolutionary theory, just as when they mention gravite-
tional theory or the germ theory of infectious disease. In this
context, the word "theory" is not intended to convey uncer-
tainty; for that purpose a scientist would use the word "hypoth-
esis." In common, everyday usage, however, "theory" takes on
a much more casual context, as reflected in Funk & Wagndls
option 1: "l have a theory that Bill has a crush on May," or
"Lindas theory is that the butler did it." It is too bad that our
language lacks the necessary subtleties of distinction here, as
clearly this simple confusion of the meaning of the word has
made things worse in the contentious dialogue between sdi-
ence and faith about how living things are related.

So if evolution is true, is there any place left for God? Arthur
Peacocke, the distinguished British molecular biologist who
subsequently became an Anglican priest and has written exten-
svely about the interface between biology and faith, has re-
cently published abook entitled Evolution: The Disguised Friend
of Faith? That interesting title suggests a possible rapproche-
ment, but is this a shotgun marriage of incompatible world-
views? Or, now that we have laid out the arguments for the
plausibility of God, on the one hand, and the scientific dda
about the origins of the universe and life on our planet, on the
other, can we find a happy and harmonious synthesis?
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Faith in Science, Faith in God



CHAPTER SX

Genegs, Galileo, and Darwin

ASHINGTON, D.C., is full of smart, hard-driving, in-
Wteresti ng people. A wide variety of religious faiths

are represented, as well as a significant proportion
of atheists and agnostics. When | was invited to speak at the
annual men's dinner at a highly regarded Protestant church
just outside the District, | gladly accepted. It was an inspiring
evening as prominent leaders, teachers, and blue-collar work-
ers collectively let their hair down to talk earnestly about their
faith, and to ask penetrating questions about how science and
faith can contradict or reinforce each other. For a good hour of
discourse, goodwill filled the room. And then one church
member asked the senior pastor whether he believed that the
first chapter of Genesis was a literal, step-by-step, day-by-day
description of the origins of the earth and of humankind. In an
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instant, brows furrowed and jaws tightened. Harmony re-
treated to the far corners of the room. The pastor's carefully
worded response, worthy of the most deft politician, managed
utterly to avoid answering the question. Most of the men
looked relieved that a confrontation had been avoided, but the
spell was broken.

A few months later | spoke to a national gathering of Chris-
tian physicians, explaining how | had found great joy in being
both a scientist studying the genome and a follower of Christ.
Warm smiles abounded; there was even an occasiona "Amen."
But then | mentioned how overwhelming the scientific evidence
for evolution is, and suggested that in my view evolution might
have been God's elegant plan for creating humankind. The
warmth left the room. So did some of the attendees, literaly
walking out, shaking their heads in dismay.

What's going on here? From a biologist's perspective, the
evidence in favor of evolution is utterly compelling. Darwin's
theory of natural selection provides a fundamental framework
for understanding the relationships of al living things. The pre-
dictions of evolution have been borne out in more ways than
Darwin could have possibly imagined when he proposed his
theory 150 years ago, especialy in the field of genomics.

If evolution is so overwhelmingly supported by scientific ev-
idence, then what are we to make of the lack of public support
for its conclusions? In 2004, the distinguished Gallup organiza-
tion posed the following question to a statistical sample of
Americans: "Do you think that (1) Charles Darwin's theory of
evolution is a scientific theory that has been well supported by
evidence, or (2) just one of many theories and one that has nat
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been well supported by evidence, or (3) don't you know enough
about it to say?' Only one-third of Americans indicated that
they believed the theory of evolution was well supported, with
the remainder being equally divided between those who argued
it had not been well supported and those who just didn't know
enough to say.

When the question was posed in a more explicit way to ask
about the origin of human beings, an even stronger percentage
seemed to rgect the conclusions of evolution. Here's the ques-
tion: "Which of the following statements comes closest to your
views on the origin and development of human beings? (1)
Human beings have developed over millions of years from less
advanced forms of life, but God guided this process. (2) Human
beings have developed over millions of years from less ad-
vanced forms of life, but God had no part in this process. (3)
God created human beings pretty much in their present form at
one time within the last 10,000 years or so."

In 2004, 45 percent of Americans chose option 3, 38 per-
cent chose option 1, and 13 percent chose option 2. These sta-
tistics have remained essentially unchanged over the past
twenty years.

REASONS FOR LACK OF PUBLIC ACCEPTANCE OF DARWIN'STHEORY

There can be no question that the theory of evolution is coun-
terintuitive. For centuries, humans have been closely observing
the natural world around them. Most observers, regardless of
religious persuasion, have been unable to account for the com-
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plexity and diversity of life forms without postulating a de-
signer.

Darwin's idea was revolutionary because it offered such a
totally unexpected conclusion. Seeing new species evolve was
not part of anyone's everyday experience. Despite the unques-
tioned complexity of certain inanimate objects (such as
snowflakes), the complexity of life forms seemed wildly out of
proportion to anything observable in the inanimate world.
William Paley's parable of finding a watch on the moor—which
would cause any of us to deduce the existence of a watch-
maker—resonated with many readers in the seventeenth cen-
tury, and continues to resonate with many people today. Life
appears designed, so there must be a designer.

A major part of the problem in accepting the theory of evo-
lution is that it requires one to grasp the significance of ex-
tremely long periods of time involved in the process. Such
intervals are unimaginably beyond individual experience. One
way to reduce the eons of history into a more comprehensible
form is to imagine what would happen if the 4.5 billion years of
the earth's existence, from initial formation to today, were in
stead compressed into a twenty-four-hour day. If the earth was
formed at 12.01 A.M., then life would appear a about 3:30 AM.
After a long day of slow progression to multicellular organisms,
the Cambrian explosion would finally occur at about 9 PM. Laer
that evening, dinosaurs would roam the earth. Their extinction
would occur at 11:40 PM., a which time the mammals wao
begin to expand.

The divergence of branches leading to chimps and humans
would occur with only one minute and seventeen seconds re-
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maining in the day, and anatomically modern humans would
appear with just three seconds left. The life of a middle-aged
human on earth today would occupy only the last millisecond
(one-thousandth of a second). It is not surprising that many of
us have a great dea of difficulty contemplating evolutionary
time.

Furthermore, there can be no question that the maor re-
sistance to broad public acceptance of evolution, especialy in
the United States, relates to the perception that it argues
against the role of a supernatural designer. This objection, if
true, has to be taken with great seriousness by al believers. If
you are compelled (as | am) by the existence of the Moral Law
and the universal longing for God, if you sense that there is a
glowing signpost within our hearts, pointing toward a benevo-
lent and loving presence, then it is quite natural to resist any
force that seems bent upon chopping down the sign. Before
mounting an all-out war against that invading force, however,
we had best be certain that we are not shooting at a neutral ob-
server, or maybe even an aly.

The problem for many believers, of course, is that the con-
clusions of evolution appear to contradict certain sacred texts
that describe God's role in the creation of the universe, the
earth, all living things, and ourselves. In Islam, for instance, the
Qur'an describes life developing in stages, but sees humans as
a specia act of creation "from sounding clay, from mud molded
into shape" (15:26). In Judaism and Chrigtianity, the great cre-
ation story of Genesis 1 and 2 is a solid bedrock for many be-
lievers.
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WHAT DOES GENESIS REALLY SAY?

If you have not recently read this Biblical account, find a Bide
right now and read Genesis 11 through Genesis2:7. Thereisno
substitute for looking at the actual text if one is trying to under-
stand its meaning. And if you are concerned that the words in
this text have been seriously compromised by centuries of
copying and recopying, do not worry very much about this—the
evidence in favor of the authenticity of the Hebrew is in fad
quite strong.

There is no question that this is a powerful and poetic na-
rative recounting the story of God's creative actions. "In the be-
ginning God created the heavens and the earth" implies tha
God aways existed. This description is certainly compdible
with scientific knowledge of the Big Bang. The remainder of
Genesis 1 describes a series of creative acts, from "Let there be
light* on day one, to the waters and the sky on day two, to the
appearance of land and vegetation on day three, the sun, moon,
and stars on day four, fish and birds on day five, and findly on a
very busy sixth day, the appearance of land animals and nde
and female humans.

Genesis 2 then begins with a description of God resting on
the seventh day. After this appears a second description of the
creation of humans, this time explicitly referring to Adam. The
second creation description is not entirely compatible with
the first; in Genesis 1 vegetation appears three days before hu
mans are created, whereas in Genesis 2 it seems that God cre-
ates Adam from the dust of the earth before any shrub or plant
had yet appeared. In Genesis 2:7, it is interesting to note, the
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Hebrew phrase that we translate "living being" is applied to
Adam in exactly the same way it was previously applied to fish,
birds, and land animalsin Genesis1-.20and 1 -.24.

What are we to make of these descriptions? Did the writer
intend for this to be a literal depiction of precise chronological
steps, including days of twenty-four-hour duration (though the
sun was not created until day three, leaving open the question
of how long a day would have been before that)? If a literal de-
scription was intended, why then are there two stories that do
not entirely mesh with each other? Is this a poetic and even al-
legorica description, or a literal history?

These questions have been debated for centuries. Nonlitera
interpretations since Darwin are somewhat suspect in some cir-
cles, since they could be accused of "caving in" to evolutionary
theory, and perhaps thereby compromising the truth of the sa-
cred text. So it is useful to discover how learned theologians in-
terpreted Genesis 1 and 2 long before Darwin appeared on the
scene, or even before geologic evidence of the extreme age of
the earth began to accumulate.

In that regard, the writings of Saint Augustine, a converted
skeptic and brilliant theologian who lived around 400 AD., are
of particular interest. Augustine was fascinated by the first two
chapters of Genesis, and wrote no less than five extensive
analyses of these texts. Put down more than sixteen hundred
years ago, his thoughts are ill illuminating today. Reading
through those intensely analytical musings, especiadly as
recorded in The Literal Meaning of Genesis, the Confessions, and
The City of God, it is clear that Augustine is posing more ques-
tions than he is providing answers for. He repeatedly returns to
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the question of the meaning of time, concluding that God is
outside of time and not bounded by it (2 Peter 3:8 states this ex-
plicitly: "With the Lord a day is like a thousand years, and a
thousand years are like a day"). This in turn causes Augusine
to question the duration of the seven days of biblical creation.

The Hebrew word used in Genesis 1 for day (yom) can be
used both to describe a twenty-four-hour day and to describe a
more symbolic representation. There are multiple places in the
Bible where yom is utilized in a nonliteral context, such as "the
day of the Lord'—jugt as we might say "in my grandfather's
day" without implying that Grandpa had lived only twenty-four
hours.

Ultimately, Augustine writes: "What kind of days these
were, it is extremely difficult, or perhaps impossible for us to
conceive."! He admits there are probably many valid interpreta-
tions of the book of Genesis; "With these facts in mind, | have
worked out and presented the statements of the book of Gene-
sis in a variety of ways according to my ability; and, in inter-
preting words that have been written obscurely for the purpose
of stimulating our thought, | have not brashly taken my gand
on one side against a riva interpretation which might possbly
be better."?

Diverse interpretations continue to be promoted about the
meaning of Genesis 1 and 2. Some, particularly from the evan+
gelica Christian church, insist upon a completely literal inter-
pretation, including twenty-four-hour days. Coupled with
subsequent genealogical information in the Old Testament, this
leads to Bishop Ussher's famous conclusion that God creged
heaven and earth in 4004 B.C Other equally sincere bdieversdo
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not accept the requirement that the days of creation need be
twenty-four hours in length, though they otherwise accept the
narrative as a literal and sequential depiction of God's creative
acts. Stll other believers see the language of Genesis 1 and 2 as
intended to instruct readers of Moses' time about God's charac-
ter, and not to attempt to teach scientific facts about the specifics
of creation that would have been utterly confusing at the time.

Despite twenty-five centuries of debate, it is far to say
that no human knows what the meaning of Genesis 1 and 2
was precisely intended to be. We should continue to explore
that! But the idea that scientific revelations would represent
an enemy in that pursuit is ill conceived. If God created the
universe, and the laws that govern it, and if He endowed
human beings with intellectual abilities to discern its work-
ings, would He want us to disregard those abilities? Would He
be diminished or threatened by what we are discovering about
His creation?

LESSONS FROM GALILEO

Wetching the current fireworks between certain branches of the
church and certain outspoken scientists, an observer with a
sense of history might ask, "Haven't we been to this movie be-
fore?' Conflicts between interpretation of scripture and scien-
tific observations are not exactly new. In particular, the conflicts
that arose in the seventeenth century between the Christian
church and the science of astronomy provide some instructive
context for the evolutionary debates of today.
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Gdlileo Gdlile was a brilliant scientist and mathematician,
born in Italy in 1564. Not satisfied to carry out mathematical
analyses of other people's data, or to follow the Aristotelian tra-
dition of posing theories without requiring experimental sup-
port, Gaileo was involved in both experimental measurements
and using mathematics to interpret them. In 1608, inspired by
information he had heard about the invention of the telescope
in the Netherlands, Gdileo made his own instrument ad
quickly made a number of astronomical observations of pro-
found significance. He observed four moons orbiting the planet
Jupiter. That simple observation, which we take for granted
today, presented significant problems for the traditional Ptole-
maic system, where al heavenly bodies were supposed to ro-
tate around the earth. Galileo also observed sunspots, which
represented a possible affront to the idea that all heavenly bod-
ies were created perfect.

Gadlileo ultimately came to the conclusion that his observa
tions could make sense only if the earth revolved around the
sun. That placed him in direct conflict with the Catholic Church.

While much of the traditional lore about Galileo's persecu-
tions by the church is overblown, there is no question that his
conclusions were received with alarm in many theologicd
quarters. This was not entirely based on religious arguments,
however. In fact, his observations were accepted by many Jesuit
astronomers, but resented by riva academics, who urged the
church to intervene. The Dominican Father Caccini obliged. Ina
sermon directly targeting Galileo, the friar insisted that “"geome-
try is of the devil" and that "mathematicians should be banished
as the authors of dl heresies."®
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Another Catholic priest claimed that Galileo's conclusions
were not only heretical but atheistic. Other attacks included a
claim that "his pretended discovery vitiates the whole Christian
plan of salvation" and that "it casts suspicion on the doctrine of
the incarnation.” While much of the criticism came from the
Catholic Church, it was not limited to that. John Calvin and Mar-
tin Luther also objected.

In retrospect, modern observers must wonder why the
church was so utterly threatened by the idea of the earth re-
volving around the sun. To be sure, certain verses from scrip-
ture seemed to support the church's position, such as Psalm
93:1—"The world is firmly established; it cannot be moved'—
and Psam 104:5: "He set the earth on its foundation; it can
never be moved." Also cited was Ecclesiastes 1.5 "The sun
rises and the sun sets, and hurries back to where it rises."
Today, few believers argue that the authors of these verses
were intending to teach science. Nonetheless, passionate
clams were made to that effect, implying that a heliocentric
system would somehow undermine the Christian faith.

Despite having upset the religious establishment, Galileo
got by with a warning not to teach or defend his views. Sub-
sequently, a new pope, who was friendly to Galileo, gave him
vague permission to write a book about his opinions, so long
as it provided a balanced view. Galileo's masterwork, Dia-
logue Concerning the TWo Chief World Systems, presented a
fanciful dialogue between a geocentric and a heliocentric
enthusiast, moderated by a neutral but interested layman.
The narrative frame fooled nobody. Galileo's preference for
the heliocentric point of view was obvious by the end of the
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book, and despite its approval by Catholic censors, it casd
an uproar.

Galileo was subsequently tried before the Roman Inquis-
tion in 1633, and ultimately forced to "abjure, curse, and deed"
his own work. He remained under house arrest for the raman-
der of hislife, and his publications were banned. Only in 192 —
359 years after the trial—was an apology issued by Pope Jmn
Paul 1I: "Gdlileo sensed in his scientific research the presence of
the Creator who, stirring in the depths of his spirit, dimulaed |
him, anticipating and assisting his intuitions."*

So in this example, the scientific correctness of the hdio-
centric view ultimately won out, despite strong theologicd d>
jections. Today al faiths except perhaps a few primitive anes
seem completely at home with this conclusion. The daims thet
heliocentricity contradicted the Bible are now seen to hae
been overstated, and the insistence on alitera interpretation of
those particular scripture verses seems wholly unwarranted.

Could this same harmonious outcome be redlized for te
current conflict between faith and the theory of evolution? On
the positive side, the Galileo affar demonstrates that a oo
tentious chapter did eventually get resolved on the bads of
overwhelming scientific evidence. But along the way, condda-
able damage was done—and more to fath than to sdence In
his commentary on Genesis, Augustine provides an exhartation
that might well have been heeded by the seventeenth-century
church:

Usudly, even a non-Christian knows something
about the earth, the heavens, and the other de-

156



GENESIS, GALILEO, AND DARWIN

ments of this world, about the motion and orbit of
the stars and even their size and relative positions,
about the predictable eclipses of the sun and moon,
the cycles of the years and the seasons, about the
kinds of animals, shrubs, stones, and so forth, and
this knowledge he holds to as being certain from
reason and experience.

Now, it is a disgraceful and dangerous thing for
an infidd to hear a Christian, presumably giving the
meaning of Holy Scripture, talking nonsense on
these topics, and we should take al means to pre-
vent such an embarrassing situation, in which peo-
ple show a vast ignorance in a Christian and laugh
it to scorn.

The shame is not so much that an ignorant in-
dividual is derided, but the people outside the
household of the faith think our sacred writers held
such opinions, and, to the great loss of those for
whose salvation we toil, the writers of our Scripture
are criticized and rejected as unlearned men. If they
find a Chrigtian mistaken in a field which they
themselves know well and hear him maintaining
his foolish opinions about our books, how are they
going to believe those books and matters concern-
ing the resurrection of the dead, the hope of eternal
life, and the kingdom of heaven, when they think
their pages are full of falsehoods on facts which
they themselves have learned from experience in
the light of reason?’
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Unfortunately, however, in many ways the controversy be
tween evolution and faith is proving to be much more dfficut
than an argument about whether the earth goes around the
sun. After al, the evolution controversy reaches into the vay
heart of both faith and science. This is not about rocky heavenly
bodies, but about ourselves and our relation to a Creator. Ry
haps the centrality of those issues explains the fact that, despi
the modern rate of progress and dissemination of information,
we dill have not resolved the public controversy about evau
tion, nearly 150 years after Darwin's publication of The Origin of
Soecies.

Galileo remained a strong believer to the end. He continued
to argue that scientific exploration was not only an acceptabdle
but a noble course of action for a believer. In a famous remak
that could be the motto today of al scientist-believers, he sid:
"l do not fed obliged to believe that the same God who has e+
dowed us with sense, reason, and intellect has intended us to
forgo their use."®

Keeping that exhortation in mind, let us now explore the
possible responses to the contentious interaction between the
theory of evolution and faith in God. Each of us must come to
some conclusion here, and choose one of the following pos-
tions. When it comes to the meaning of life, fence dtting is an
inappropriate posture for both scientists and believers.



CHAPTER SEVEN

Option 1. Atheism and Agnosticism
(When Science Tramps Faith)

Y JUNIOR YEAR IN COLLEGE, 1968, was full of deeply

M troubling events. Soviet tanks had rolled into
Czechoslovakia, the Vietham War had escalated with

the Tet offensive; and Robert F. Kennedy and Martin Luther
King had been assassinated. But at the very end of that year,
another much more positive event occurred that electrified the
world—the launch of Apollo 8. It was the first manned space-
d&t to orbit the moon. Frank Borman, James Lovdl, and
“illiam Anders traveled through space for three days that De-
mber, while the world held its breath. Then they began to cir-
e the moon, taking the first human photos of Earth rising over
e moon's surface, reminding us al just how small and fragile
our planet appears from the vantage point of space. On Christ-
Eve, the three astronauts broadcast a live television trans-
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mission from their capsule. After commenting on their experi-
ences and on the starkness of the lunar landscape, they jointly
read to the world the first ten verses of Genesis 1. As an agnos
tic on the way to becoming an atheist at the time, | sill remem-
ber the surprising sense of awe that settled over me as thoe
unforgettable words—"In the beginning, God created the heav-
ens and the earth"—reached my ears from 240,000 miles aney,
spoken by men who were scientists and engineers, but fa
whom these words had obvious powerful meaning.

Shortly afterward, the famous American atheist Maddyn
Murray O'Hair filed suit against NASA for permitting this Chrig-
mas Eve reading of the Bible. She argued that U.S. astronaitts,
who are federal employees, should be banned from public
prayer in space. Though the courts ultimately rejected her auit,
NASA discouraged such references to fath in future flights.
Thus, Buzz Aldrin of Apollo 11 arranged to take communion on
the surface of the moon during the first human lunar landing in
1969, but that event was never publicly reported.

A militant atheist taking legal action against a Bible reeding
by astronauts circling the moon on Christmas Eve: what a ym-
bol of the escalating hostility between believers and nonbdiev-
ers in our modern world! No one objected in 1844 when
Samuel Morse's firg telegraph message was "What hath Gad
wrought?' Ye increasingly in the twenty-first century, exrem
ists on both sides of the science/faith divide are ingging thet
the other be silenced.

Atheism has evolved in the decades since OHar was its
most visible advocate. Today, it is not secular activigs like
OHair who make up its vanguard—it is evolutionists. Amay
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several voca proponents, Richard Dawkins and Daniel Dennett
stand out as articulate academics who expend considerable en-
ergies to explain and extend Darwinism, proclaiming that an
acceptance of evolution in biology requires an acceptance of
atheism in theology. In a remarkable marketing ploy, they and
their colleagues in the atheist community have also attempted
to promote the term "bright" as an alternative to "atheist." (The
implied corollary, that believers must be "dim,” may be one
good reason why the term has yet to catch on.) Certainly, their
hodtility to belief is undisguised. How did we get here?

ATHEISM

Some have divided atheism into "weak" and "strong" forms.
Week atheism is the absence of belief in the existence of a God
or gods, whereas strong atheism is the firm conviction that no
such deities exist. In everyday conversation, strong atheism is
generdly the assumed position of someone who takes this
point of view, and so | will consider that perspective here.

Elsawhere | have argued that the search for God is a
broadly shared attribute of al humankind, across geographic
areas and throughout human history. In his remarkable book
Confessions (essentially the first Western autobiography), Saint
Augudtine describes this longing in the very first paragraph:
"Nevertheless, to praise you is the desire of man, alittle piece of
your creation. You stir man to take pleasure in praising you, be-
cause you have made us for yourself, and our heart is restless
until it restsinyou.™
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If this universal search for God is so compelling, what ae
we to make of those restless hearts who deny His existence?
On what foundation do they make such assertions with such
confidence? And what are the historic origins of this point of
view?

Atheism played a minor role in human history until the
eighteenth century, with the advent of the Enlightenment ad
the rise of materialism. But it was not just the discovery of na-
ural laws that opened the door to an atheistic perspective; dter
al, Sr Isaac Newton was afirm believer in God, and wrote ad
published more works on interpretation of the Bible than on
mathematics and physics. A more powerful force giving rise to
atheism in the eighteenth century was a rebellion against the
oppressive authority of the government and the church, particu-
larly as manifested in the French Revolution. Both the French
royal family and the church leadership were seen as harsh, sif-
promoting, hypocritical, and insensitive to the needs of the
common man. Equating the organized church with God Hm
f, revolutionaries decided it was better to throw off both.

Additional fud for the atheist perspective subsequently wes
supplied by the writings of Sigmund Freud, who argued that be-
lief in God isjust wishful thinking. But even stronger support far
the atheist perspective in the last 150 years has been seen to
arise from Darwin's theory of evolution. Dismantling the "argu-
ment from design" that had been such a powerful arrow in the
theist's quiver, the advent of evolutionary theory was sdzed
upon by atheists as a powerful counterweapon against Faritu-
ality.

Consider, for instance, Edward O. Wilson, one of the nogt
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landing evolutionary biologists of our time. In his book On
Human Nature, Wilson cheerfully announces that evolution has
triumphed over supernaturalism of any sort, concluding: "The
final decisve edge enjoyed by scientific naturalism will come
from its capacity to explain traditional religion, its chief compe-
tiion, as a wholly material phenomenon. Theology is not likely
to survive as an independent intellectual discipline."? Strong
words

Bven stronger words have emanated from Richard
Dankins In a series of books beginning with The Selfish Gene
ad extending through The Blind Watchmaker, Climbing Mount
Improbable, and A Devil's Chaplain, Dawkinsoutlineswith com-
pdling analogies and rhetorical flourishes the consequences of
vaidion and natural selection. Standing on this Darwinian
foundation, Dawkins then extends his conclusions to religion in
higly aggressive terms: "It is fashionable to wax apocalyptic
ebou the threat to humanity posed by the AIDS virus, ‘'mad
oow disease, and many others, but | think a case can be made
thet fath is one of the world's great evils, comparable to the
smdlpox virus but harder to eradicate.”?

In his recent book Dawkins God, molecular biologist and
thedlogian Alister McGrath takes on these religious conclusions
and points out the logical falacies behind them. Dawkins's argu-
ments come in three main flavors. Fird, he argues that evolution
fuly accounts for biological complexity and the origins of hu-
mankind, so there is no more need for God. While this argument
rightly relieves God of the responsibility for multiple acts of spe-
dd creation for each species on the planet, it certainly does not
digwove the idea that God worked out His creative plan by
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means of evolution. Dawkins's first argument is thus irrdevant
to the God that Saint Augustine worshiped, or that 1 worship. But
Dawkins is a master of setting up a straw man, and then ds
mantling it with great relish. In fact, it is hard to escape the con
clusion that such repeated mischaracterizations of faith betray a
vitriolic personal agenda, rather than a reliance on the rationd
arguments that Dawkins so cherishesin the scientific realm.

The second objection from the Dawkins school of evolu-
tionary atheism is another straw man: that religion is antira
tional. He seems to have adopted the definition of rdigion
attributed to Mark Twain's apocryphal schoolboy, "Fath is be-
lieving what you know ain't s0."* Dawkins's definition of fath is
"blind trust, in the absence of evidence, even in the teeth of evi-
dence."® That certainly does not describe the faith of most sai-
ous believers throughout history, nor of most of those in my
personal acquaintance. While rational argument can never con
clusively prove the existence of God, serious thinkers from Au
gustine to Aquinas to C. S. Lewis have demonstrated that a
belief in God is intensely plausible. It is no less plausible today.
The caricature of faith that Dawkins presents is easy for him to
attack, but it is not the real thing.

Dawkins's third objection is that great harm has been done
in the name of religion. There is no denying this truth, though
undeniably great acts of compassion have also been fuded by
faith. But evil acts committed in the name of religion in no way
impugn the truth of the faith; they instead impugn the nature of
human beings, those rusty containers into which the pure water
of that truth has been placed.

Interestingly, while Dawkins argues that it is the gene ad

164



OPTION |: ATHEISM AND AGNOSTICISM

its relentless drive for survival that explains the existence of dl
living things, he argues that we humans are at last far enough
advanced to be able to rebel against our genetic imperatives.
"We can even discuss ways of deliberately cultivating and nur-
turing pure, disinterested atruism—something that has no
place in nature, something that has never existed before in the
whole history of the world."®

Now here is a paradox: apparently Dawkins is a subscriber
to the Morad Law. Where might this rush of good fedling have
come from? Surely this should arouse Dawkins's suspicion
about the "blind pitiless indifference" that he argues is con-
ferred on al of nature, including himself and al the rest of hu-
mankind, by godless evolution? What value should he then
attach to altruism?

The maor and inescapable flaw of Dawkinss claim that
science demands atheism is that it goes beyond the evidence. If
Gad is outside of nature, then science can neither prove nor
disprove His existence. Atheism itself must therefore be consid-
ered a form of blind faith, in that it adopts a belief system that
cannot be defended on the basis of pure reason. Perhaps the
most colorful encapsulation of this point of view comes from an
unlikely source: Stephen Jay Gould, who outside of Dawkins is
probably the most widely read public spokesperson for evolu-
tion of the past generation. Writing in an otherwise little-
noticed book review, Gould chastised the Dawkins perspective:

To say it for adl my colleagues and for the
umpteenth millionth time: Science smply cannot by
its legitimate methods adjudicate the issue of God's
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possible superintendence of nature. We neither &-
firm nor deny it; we smply can't comment on it as
scientists. If some of our crowd have made unto-
ward statements claiming that Darwinism dis
proves God, then | will find Mrs. Mclnerney [Gould's
third-grade teacher] and have their knuckles rapped
for it. . . . Science can work only with naturalistic
explanations; it can neither afirm nor deny other
types of actors (like God) in other spheres (the
moral realm, for example). Forget philosophy for a
moment; the simple empirics of the past hundred
years should suffice. Darwin himsalf was agnostic
(having lost his religious beliefs upon the tragic
death of his favorite daughter), but the great Ameri-
can botanist Asa Gray, who favored natural selec-
tion and wrote a book entitled Darwiniana, was a
devout Christian. Move forward 50 years: Charles D.
Walcott, discoverer of the Burgess Shale Fossls,
was a convinced Darwinian and an equaly firm
Christian, who believed that God had ordained nat-
ural selection to construct the history of life accord-
ing to His plans and purposes. Move on another 50
years to the two greatest evolutionists of our gener-
ation: G. G. Simpson was a humanistic agnostic,
Theodosius Dobzhansky, a believing Russan Or-
thodox. Either haf my colleagues are enormoudy
stupid, or else the science of Darwinism is fuly
compatible with conventional religious bdiefs—and
equally compatible with atheism.”
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So those who choose to be atheists must find some other
basis for taking that position. Evolution won't do.

AGNOSTICISM

The term "agnostic* was coined by the colorful British scientist
Thomas Henry Huxley, also known as "Darwin's bulldog," in 1869.
Hereis his description of how he came to originate the term:

When 1 reached intellectual maturity, and began to
ask mysdf whether | was an atheist, a theist, or a
pantheist; a materialist or an idedlist; a Christian or
a free thinker, | found that the more | learned and
reflected, the less ready was the answer; until at
last | came to the conclusion that | had neither art
nor part with any of these denominations, except
the last. The one thing in which most of these good
people were agreed was the one thing in which |
differed from them. They were quite sure that they
had attained a certain "gnoss'—had more or less
successfully solved the problem of existence; while
| was quite sure 1 had not, and had a pretty strong
conviction that the problem was insoluble. ... So |
took thought, and invented what | conceived to be
the appropriate title of "agnostic." It came into my
head as suggestively antithetic to the "gnostic" of
church history, who professed to know so much
about the very things of which | was ignorant.?
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An agnostic, then, is one who would say that the knowl-
edge of God's existence simply cannot be achieved. As with
atheism, there are strong and weak forms of agnosticism,
with the strong form indicating there is no way that hu-
mankind will ever know, whereas the weak form smply says,
"Not now."

The boundary lines between strong agnosticism and wesk
atheism are blurry, as an interesting Darwin anecdote reveds.
At a dinner party with two atheists in 1881, Darwin asked his
guests, "Why do you cal yourselves atheists?' saying that he
preferred Huxley's word, "agnostic." One of his guests replied
that "agnostic was but atheist writ respectable, and atheist was
only agnostic writ aggressive."®

Most agnostics, however, are not so aggressive, ad
simply take the position that it is not possible, at least not for
them at that time, to take a position for or against the exis
tence of God. On the surface, this is a logically defensble
position (whereas atheism is not). Certainly it is entirely com-
patible with the theory of evolution, and many biologiss
would put themselves in this camp. But agnosticism aso runs
the risk of being a cop-out.

To be well defended, agnosticism should be arrived at aly
after a full consideration of al of the evidence for and agang
the existence of God. It is a rare agnostic who has made the d-
fort to do so. (Some who have, and a rather distinguished lig it
is, have unexpectedly converted themselves to belief in God)
Furthermore, while agnosticism is a comfortable default paten
for many, from an intellectual perspective it conveys a oatan
tinniness. Would we admire someone who insisted the age of
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the universe was unknowable, and hadn't taken time to look at
the evidence?

CONCLUSION

Science cannot be used to judify discounting the great
monotheistic religions of the world, which rest upon centuries of
history, moral philosophy, and the powerful evidence provided
by human altruism. It is the height of scientific hubris to claim
otherwise. But that |eaves us with a challenge: if the existence of
Gad is true (not just tradition, but actually true), and if certain
scientific conclusions about the natural world are also true (not
just in fashion, but objectively true), then they cannot contradict
each other. A fully harmonious synthesis must be possible.

Looking at our current world, however, it is hard to escape
the sense that these two versions of truth are not seeking har-
mony, but are at war. That is nowhere more apparent than in
the debates over Darwin's theory of evolution. Here is where
the battles are currently most furioudy raging; here is where
the misunderstanding on both sides is most profound; here is
where the stakes for our future world are the highest; and here
is where harmony is most desperately needed. So here is where
we had best turn our attention next.
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CHAPTER EIGHT

Option 2: Creationism
(When Faith Trumps Science)

EW RELIGIOUS OR SCIENTIFIC VIEWS can be neatly summed

up in asingle word. The application of misleading labels

for particular perspectives has regularly muddied the de-
bate between science and fath throughout the modern era
Nowhere is this more true than in the case of the "creationist"
label, which has featured so prominently in the science-and-
faith debates over the past century. Taken at face value, the
term "creationist" would seem to imply the general perspective
of one who argues for the existence of a God who was directly
involved in the creation of the universe. In that broad sense,
many deists and nearly all theists, including me, would need to
count themselves as creationists.
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YOUNG EARTH CREATIONISM

Over the past century, however, the term "Creationist” has been
hijacked (and capitalized) to apply to a very specific subset of
such believers, specificaly those who insist on a literal reading
of Genesis 1 and 2 to describe the creation of the universe and
the formation of life on earth. The most extreme version of this
view, generaly referred to as Young Earth Creationism (YEC),
interprets the six days of creation as literal twenty-four-hour
days and concludes that the earth must be less than ten thou-
sand years old. YEC advocates also believe that all species were
created by individual acts of divine creation, and that Adam and
Eve were historical figures created by God from dust in the Ga-
den of Eden, and not descended from other creatures.

YEC believers generally accept the idea of "microevolution,”
whereby small changes within species can occur by vaiaion
and natural selection, but they reject the concept of "macroevo-
lution," the process that would alow one species to evolve into
another. They argue that perceived gaps in the fossl record
demonstrate the falacy of Darwin's theory. In the 1960s, the YEC
movement was further crystallized by publication of The Genesis
Flood and subsequent writings of members of the Inditute for
Creation Research, founded by the late Henry Morris. Among the
many assertions of Morris and his colleagues were that the geo-
logic strata and the fossils within the various layers were cregied
in a few weeks by the worldwide flood described in Genesis 6-9,
rather than having been deposited over hundreds of millions of
years. Judging by polls, Young Earth Creationism is the view hdd
by approximately 45 percent of Americans. Many evangdicd
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Chrigian churches are dosdy digned with this view. Many
books and videos can be found in Christian bookstores that
cdam that no intermediate fossl forms can be found for birds,
turtles, elephants, or whaes (yet examples of dl of these have
been found in the last few years), that the Second Law of Ther-
modynamics rules out the posshility of evolution (it clearly does
not), and that radioactive dating of rocks and the universe is
wrong because decay rates have changed over time (they have
not). One can even vigt Creationis museums and theme parks
that depict humans frolicking with dinosaurs, since the YEC per-
Spective does not accept the idea that dinosaurs became extinct
long before humans appeared on the scene.

Young Eath Creationists argue that evolution isa lie. They
postulate that the reiatedness of organisms as visudized by the
study of DNA issmply a consequence of God having used some
of the same ideas in His multiple acts of specid creation. Con-
fronted with such facts as the amilar ordering of genes across
chromosomes between different mammalian species, or the ex-
istence of repetitive "junk DNA" in shared locations along the
DN A of humansand mice, YEC advocatessmply dismissthisas
part of God's plan.

YOUNG EARTH CREATIONISVI AND MODERN SCIENCE ARE INCOMPATIBLE

in generd, those who hold these views are sincere, well-
meaning, God-fearing people, driven by deep concerns that nat-
urdism is threatening to drive God out of human experience.
But the clams of Young Earth Creationism smply cannot be ac-
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commodated by tinkering around the edges of scientific knowl-
edge. If these claims were actually true, it would lead to a com
plete and irreversible collapse of the sciences of phydcs
chemistry, cosmology, geology, and biology. As biology profes
sor Darrel Falk points out in his wonderful book Coming to
Peace with Science, written specifically from his perspective as
an evangelical Christian, the YEC perspective is the eguivaent
of insisting that two plus two is really not equal to four.

For anyone familiar with the scientific evidence, it is dmog
incomprehensible that the YEC view has achieved such wide
support, especially in a country like the United States that
claims to be so intellectually advanced and technologicaly so-
phisticated. But YEC advocates are serious about their fath first
and foremost, and deeply concerned about a trend toward non
literal interpretations of the Bible, which might ultimately dlute
the power of the scriptures to teach reverence for God to hu
mankind. Young Earth Creationists argue that accepting ay-
thing other than acts of special divine creation during the sx
twenty-four-hour days of Genesis 1 would put the believer ona
dlippery slope toward a counterfeit faith. This argument gopeds
to the strong and understandable instincts of serious bdievars
that their first priority is allegiance to God, and that apparent &-
tacks on His person are to be fended off vigorously.

BUT ULTRALITERAL INTERPRETATIONS OF GENESIS ARE UNNECESSARY

Harkening back to Saint Augustine's interpretation of Geness 1
and 2, however, and remembering that he had no reason to be
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accommodating to scientific evidence about evolution or the
age of the earth, it is clear that the ultraliteral YEC views are in
fact not required by a careful, sincere, and worshipful reading
of the original text. In fact, this narrow interpretation is largely
a creation of the last hundred years, arising in large conse-
guence as a reaction to Darwinian evolution.

The concern about not accepting liberal interpretations of
biblical texts is understandable. After al, there are clearly parts
of the Bible that are written as eyewitness accounts of historical
events, including much of the New Testament. For a believer,
the events recorded in these sections ought to be taken as the
writer intended—as descriptions of observed facts. But other
parts of the Bible, such as the first few chapters of Genesis, the
book of Job, the Song of Solomon, and the Psalms, have a more
lyrical and alegorica flavor, and do not generally seem to carry
the marks of pure historical narrative. To Saint Augustine, and
to most other interpreters throughout history, until Darwin put
believers on the defensive, the first chapters of Genesis had
much more the fed of a morality play than an eyewitness report
on the evening news.

The insistence that every word of the Bible must be taken
literally runs into other difficulties. Surely the right arm of God
did not really lift up the nation of Israel (Isaiah 41:10). Surely it
is not part of God's nature to become forgetful and to need to
be reminded of important matters from time to time by the
prophets (Exodus 33:13). The intention of the Bible was (and i9)
to reveal the nature of God to humankind. Would it have served
God's purposes thirty-four hundred years ago to lecture to His
people about radioactive decay, geologic strata, and DNA?
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Many believers in God have been drawn to Young Eath
Creationism because they see scientific advances as threaten-
ing to God. But does He really need defending here? Is not God
the author of the laws of the universe? Is He not the grestest
scientist? The greatest physicist? The greatest biologist? Mot
important, is He honored or dishonored by those who would
demand that His people ignore rigorous scientific conclusons
about His creation? Can faith in aloving God be built on a foun
dation of lies about nature?

GOD AS THE GREAT DECEIVER?

Assisted by Henry Morris and colleagues, Young Earth Cregtion-
ism has in the last half century attempted to provide dterndive
explanations for the wealth of observations about the naurd
world that seem to contradict the YEC position. But the funda:
mentals of so-called scientific Creationism are hopdedy
flawed. Recognizing the overwhelming body of scientific ev-
dence, some YEC advocates have more recently taken the tadk
of arguing that all of this evidence has been designed by Gadto
mislead us, and therefore to test our faith. According to this a-
gument, dl of the radioactive decay clocks, dl the fossls ad
al of the genome sequences have been intentionally desgned
so it would look as if the universe was old, even though it wes
really created less than ten thousand years ago.

As Kenneth Miller points out in his excellent book, Finding
Darwin's God, for these claims to be true, God would have hed
to engage in massive subterfuge. For instance, since mary of
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the observable stars and galaxies in the universe are more than
ten thousand light-years away, a YEC perspective would de-
mand that our ability to observe them could come about only if
God had fashioned all of those photons to arrive here in a "just
so" fashion, even though they represent wholly fictitious ob-
jects.

This image of God as a cosmic trickster seems to be the ul-
timate admission of defeat for the Creationist perspective.
Would God as the great deceiver be an entity one would want
to worship? Is this consistent with everything else we know
about God from the Bible, from the Mora Law, and from every
other source—namely, that He is loving, logical, and consistent?

Thus, by any reasonable standard, Young Earth Creationism
has reached a point of intellectual bankruptcy, both in its sci-
ence and in its theology. Its persistence is thus one of the great
puzzles and great tragedies of our time. By attacking the funda-
mentals of virtually every branch of science, it widens the
chasm between the scientific and spiritual worldviews, just at a
time where a pathway toward harmony is desperately needed.
By sending a message to young people that science is danger-
ous, and that pursuing science may well mean rejecting reli-
gious faith, Young Earth Creationism may be depriving science
of some of its most promising future talents.

But it is not science that suffers most here. Young Earth
Creationism does even more damage to faith, by demanding
that belief in God requires assent to fundamentally flawed
claims about the natural world. Young people brought up in
homes and churches that insist on Creationism sooner or later
encounter the overwhelming scientific evidence in favor of an

177



The Language of God

ancient universe and the relatedness of al living things through
the process of evolution and natural selection. What a terrible
and unnecessary choice they then face! To adhere to the fath
of their childhood, they are required to reject a broad and rigor-
ous body of scientific data, effectively committing intellectua
suicide. Presented with no other aternative than Creationism,
is it any wonder that many of these young people turn away
from faith, concluding that they smply cannot believe in a God
who would ask them to reject what science has so compdlingly
taught us about the natural world?

A PLEA FOR REASON

Let me conclude this brief chapter, therefore, with a loving en
treaty to the evangelical Christian church, a body that | consder
myself a part of, and that has done so much good in so may
other ways to spread the good news of God's love and grace. As
believers, you are right to hold fast to the concept of God as
Creator; you are right to hold fast to the truths of the Bible; you
are right to hold fast to the conclusion that science offers no
answers to the most pressing questions of human exisence
and you are right to hold fast to the certainty that the clams of
atheistic materialism must be steadfastly resisted. But those
battles cannot be won by attaching your position to a flawed
foundation. To continue to do so offers the opportunity for the
opponents of faith (and there are many) to win a long series of
easy victories.

Benjamin Warfield, a conservative Protestant theologian in
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the late nineteenth and early twentieth century, was well aware
of the need for believers to stand firm in the eternal truths of
their faith, despite great social and scientific upheavals. Y& he
saw also the need to celebrate discoveries about the natural
world that God created. Warfidd wrote these remarkable
words, which could well be embraced by the church today:

We must not, then, as Christians, assume an atti-
tude of antagonism toward the truths of reason, or
the truths of philosophy, or the truths of science, or
the truths of history, or the truths of criticism. As
children of the light, we must be careful to keep
ourselves open to every ray of light. Let us, then,
cultivate an attitude of courage as over against the
investigations of the day. None should be more
zedlous in them than we. None should be more
quick to discern truth in every field, more hos-
pitable to receive it, more loya to follow it, whith-
ersoever it leads.’
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CHAPTER NINE

Option 3: Intelligent Design
(When Science Needs Divine Help)

E YEAR 2005 WAS A TUMULTUOUS ONE for Intelligent De-
sign theory, or ID as it is commonly known. The presi-
dent of the United States gave it a partial endorsement,

by stating that he thought schools should include this point of
view when discussing evolution. His comment was made as a
lawsuit against the school board of Dover, Pennsylvania, over a
similar policy was heading to a much-ballyhooed trial. The
media responded. Featured in cover stories of Time and
Newsweek, discussed extensively on public radio and even on
the front page of the New York Times, the controversy and con-
fuson about ID escalated week by week. | found mysdf talking
about it with scientists and editors, and even congressional
saffers. In the fal, before the Dover trial was decided in favor
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of the plaintiffs, the citizens of Dover voted al of the members
of their school board who had supported ID out of office.

Not since the 1925 Scopes tria has attention turned so in-
tensively in the United States to a debate about evolution and its
implications for religious faith. Perhaps this should be seen asa
good thing—Dbetter to have an open debate than an underground
attack on one point of view or another. But to most serious sd-
entists who are committed believers, and even to some grong
proponents of ID, things were getting seriously out of hand.

WHAT IS INTELLIGENT DESIGN ANYWAY?

In its brief fifteen-year history, the ID movement has emeged
as a mgjor flash point for public discourse. Yd there remans
much confusion about the basic tenets of this new entry on the
scene.

Firg of all, just as with the term "creationism," there isa
significant semantic difficulty. The two words "inteligent de
sign" appear to encompass a broad range of interpretations of
how life came to arise on this planet, and the role that Gal
might have played in that process. But "Intelligent Design” (with
capital letters) has become aterm of art carrying a very spadfic
set of conclusions about nature, especially the concept of "ime
ducible complexity.” An observer unaware of this higory migt
expect that anyone who believes in a God who cares dout
human beings (that is, a theist) would be someone who be
lievesin Intelligent Design. But in the sense of current tamind-
ogy, that would in most instances not be correct.
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Intelligent Design burst on the scene in 1991. Some of its
roots can be traced to earlier scientific arguments pointing out
the statistical improbability of the origins of life. But ID places
its mgjor focus not on how the first self-replicating organisms
came to be, but rather on perceived failings of the evolutionary
theory to account for life's subsequent stunning complexity.

ID'S founder is Phillip Johnson, a Christian lawyer at the
University of California at Berkeley, whose book Darwin on Ttial
first lad out the ID position. Those arguments have been fur-
ther expanded by others, especially Michael Behe, a biology
professor whose book Darwin's Black Box elaborated the con-
cept of irreducible complexity. More recently, William Dembski,
a mathematician trained in information theory, has taken up a
leading role as expositor of the ID movement.

The emergence of ID coincided with a series of judicia de-
feats to the teaching of creationism in U.S. schools, a chrono-
logical context that has caused critics to refer to ID uncharitably
as "stealth creationism" or "creationism 2.0." But these terms
do not do justice to the thoughtfulness and sincerity of ID'S pro-
ponents. From my perspective as a geneticist, a biologist, and a
believer in God, this movement deserves serious consideration.

The Intelligent Design movement basically rests upon three
propositions.

Proposition 1: Evolution promotes an atheistic worldview
and therefore must be resisted by believers in God.

Phillip Johnson, the founder, was driven not so much by a
scientific desire to understand life (he makes no clam to be a
scientist), but by a personal mission to defend God against what
he perceived as growing public acceptance of a purely material-
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istic worldview. This concern finds much resonance in the fath
community, where the triumphalist pronouncements of some of
the most outspoken evolutionists of the day have led to a sense
that some scientifically respectable alternative must be identified
a al costs. (In that regard, ID could be thought of ironicaly as
the rebellious love child of Richard Dawkins and Daniel Dennett.)

Johnson is quite forthright about his intentions, as lad out
in hisbook The Wedge of Truth: Splitting the Foundations of Natu-
ralism. The Discovery Institute, a major supporter of the ID
movement, and for which Johnson serves as program advis,
carried this one step further in their "wedge document,” which
was originaly intended as an internal memorandum but found
its way onto the Internet. The document outlinesfive-, ten-, ad
twenty-year goals to influence public opinion, to effect an ove-
throw of atheistic materialism, and to replace it with a "broedy
theistic understanding of nature.”

Thus, while ID is presented as a scientific theory, it isfar to
say that it was not born from the scientific tradition.

Proposition 2: Evolution is fundamentally flawed, snce it
cannot account for the intricate complexity of nature.

Students of history will recall that the argument that com-
plexity requires a designer is the same one presented by William
Paey in the early nineteenth century, and that Darwin himsdf
found this logic quite compelling before arriving a his own ex-
planation of evolution by natural selection. For the ID moe
ment, however, this perspective has been dressed up in rw
clothes, namely the sciences of biochemistry and cell bidogy.

In Darwin's Black Box, Michael Behe outlines these ag
ments quite persuasively. When Behe the biochemist peers
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the inner workings of the cell, he is amazed and awed (as am I)
by the intricacies of the molecular machines that reside there,
which science has been uncovering over the last several
decades. There are elegant machines that translate RNA into
protein, others that help the cell move around, and others that
transmit signals from the cell surface to the nucleus, traveling
along a cascading pathway of multiple components.

It is not just the cell that provides amazement. Entire or-
gans, made up of billions or trillions of cells, are constructed in
a way that can only inspire awe. Consider, for instance, the
human eye, a complex cameralike organ whose anatomy and
physiology continue to impress even the most sophisticated
student of optics.

Behe argues that machines of this sort could never have
arisen on the basis of natural selection. His arguments are fo-
cused primarily on complex structures that involve the interac-
tion of multiple proteins, and whose function is lost if any one
of those proteins is inactivated.

A particularly prominent example cited by Behe is the bac-
terial flagellum. Many different bacteria possess these flagella,
which are little "outboard motors" that propel cells in various
directions. The structure of the flagellum, which consists of
about thirty different proteins, is really quite elegant. It includes
miniature versions of a base anchor, a drive shaft, and a univer-
s joint. All of this drives a filament propeller. The whole
arrangement is a nanotechnology engineering marvel.

If any one of these thirty proteins is inactivated by genetic
mutation, the whole apparatus will fal to work properly. Behe's
argument is that such a complex device could never have come

185



TheLanguage of God

into being on the basis of Darwinian processes alone. He postu-
lates that one component of this complex outboard motor
might have evolved by chance over a long period of time, but
there would have been no selective pressure to maintain it un-
less the other twenty-nine developed at the same time. Ye
none of those would have enjoyed any selective advantage -
ther until the entire structure had been assembled. Behe argues,
and Dembski has later converted this to a more mathematical
argument, that the probability of such accidental coevolution of
multiple independently useless components is almost irfinitdy
small.

Thus, the main scientific argument of the ID movement
constitutes a new version of Paey's "argument from persond
incredulity," now expressed in the language of biochemistry, ge-
netics, and mathematics.

Proposition 3: If evolution cannot explain irreducible com:
plexity, then there must have been an intelligent designer in
volved somehow, who stepped in to provide the necessary
components during the course of evolution.

The ID movement is careful not to specify who this designer
might have been, but the Christian perspective of most of the
leaders of this movement implicitly suggests that this misin
force would come from God Himsdif.

SCIENTIFIC OBJECTIONS TO ID

On the surface, the objections to Darwinism put forward by te
ID movement appear compelling, and it is not surprisng tet
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nonscientists, epecidly those looking far a role for God in the
evolutionary process, have embraced these arguments warmly.
Bu if the logic truly had merit on sdentific grounds, one would
expect that the rank and file of working biologists would aso
show interest in pursuing these idess, especidly since a sgnifi-
cat number of biologists are dso believers. This has not hap-
pened, however, and Intdligent Desgn remains a fringe activity
with little credibility within the mainstream scientific community.

Why is this s0? Is this because, as ID proponents suggest,
biologigts are so used to worshiping a Darwin's atar that they
cannot condder an aternative view? Since scientists are actu-
dly attracted to disruptive ideas, dways looking for an opportu-
nity to overturn accepted theories of the day, it seems unlikely
that they would rgect the arguments of ID smply because they
chdlenge Dawin. In fact, the basis of the rgection is much
more sgnificant.

Hra of dl, Intdligent Desgn fals in a fundamentd way to
qudify as a stientific theory. All scientific theories represent a
framework for making sense of a body of experimenta obser-
vations. But the primary utility of a theory is not just to look
back but to look forward. A vidble scientific theory predicts
other findings and suggests approaches for further experimen-
td veificaion. ID fdls profoundly short in this regard. Despite
its apped to many believers, therefore, ID'S proposa of the in-
tervention of supernatura forces to account for complex multi-
component biologica entities is a scientific dead end. Outside
of the devdopment of a time machine, verification of the ID
theory seems profoundly unlikely.

Core ID theory, as outlined by Johnson, also suffers by pro-
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viding no mechanism by which the postulated supernatural in-
terventions would give rise to complexity. In one attempt to ad-
dress this, Behe has suggested that primitive organisms migt
have been "preloaded" with al of the genes that would ulti-
mately be necessary for the development of the complex multi-
component molecular machines that he considers irreducbiy
complex. Behe proposes that these slegping genes were then
awakened at an appropriate time hundreds of millions of years
later, when they were needed. Setting aside the fact that no
primitive organism can be found today that contains this cache
of genetic information for future use, our knowledge of the mu
tational rate of genes that are not being utilized makes it highly
improbable that such a storehouse of information would have
survived long enough to be of any use.

Of even greater significance for the future of ID, it now
seems likely that many examples of irreducible complexity ae
not irreducible after all, and that the primary scientific ag
ment for ID is thus in the process of crumbling. In the short fif-
teen years since ID appeared on the scene, science has meck
substantial advances, particularly in the detailed study of the
genomes of multiple organisms from multiple different parts of
the evolutionary tree. Mgor cracks are beginning to gupee,
suggesting that 1D proponents have made the mistake of aon
fusing the unknown with the unknowable, or the unsolved with
the unsolvable. Many books and articles have appeared on ths
topic,' and the interested reader is referred to those more ex-
plicit (and more technical) aspects of the debate. But here ae
three examples where structures that appeared to fit Behes df
inition of irreducible complexity are clearly showing dgms of
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Figure 9.1 Evolution of a multiprotein complex by gene duplication. In
the smplest circumstance, gene A provides an essential function to the
organism. Duplication of that gene (an event that occurs frequentl
fgenom% evolve) then creates a new copy. This copy is not essential for
nction (A is stlll providing that), so It is free to evolve without con-
straint. Rerely, a randomly arising small change will allow it to take on a
new function (A) that is advantageous to the organism, resulting in posi-
tive selection. From a detailed study of DNA sequences, many complex
multicomponent systems like the human clotting cascade appear to have
arisen by this mechanism.
how they could have been assembled by evolution in a gradud
step-by-step process.

The human blood-clotting cascade, appearing, with itsdozen
or more proteins, to be a complex sysem that Behe deems
worthy of Rube Goldberg, can in fact be understood as the
gradud recruitment of more and more elements of the cascade.
The sysem appears to have begun with a very smple mecha
nism that would work satisfactorily for a low-pressure, low-
flow hemodynamic system, and to have evolved over a long
period of time into the complicated system necessary for hu-
mans and other mammals that have a high-pressure cardiovas-

cular system, where leaks must be quickly stopped.

An important feature of this evolutionary hypothess is the
well-established phenomenon of gene duplication (Fgure 9.2).
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When one looks closely at the proteins in the clotting cascade,
most of the components turn out to be related to one another at
the level of amino acid sequence. This is not because whdly
new proteins were constructed out of random genetic informa
tion and ultimately converged on the same theme. Raher, the
similarity of these proteins can be shown to reflect ancient gane
duplications that then alowed the new copy, unfettered by a
need to maintain its original function (since the old copy wes
dtill doing that), to gradually evolve to take on a new fundion,
driven by the force of natural selection.

Admittedly, we cannot precisely outline the order of the
steps that ultimately led to the human clotting cascade. We mey
never be able to do so, because the host organisms of may
predecessor cascades are lost to history. Yet Darwinism predids
that plausible intermediate steps must have existed, and some
have indeed already been found. ID is silent on such predic-
tions, and ID's central premise that the entire blood-clotting
cascade had to emerge fully functional from prior DNA gibba-
ish sets forth a straw man scenario that no serious sudent of
biology would accept.?

The eyeis another example frequently cited by advocates of
Intelligent Design as displaying a degree of complexity thet
stepwise natural selection could never have achieved. Dawin
himself recognized the difficulty that his readers would have ac
cepting this: "To suppose that the eye with dl of its inmitsble
contrivances for adjusting the focus to different distances, for
admitting different amounts of light, and for the correction of
spherical and chromatic aberration, could have been fomad by
natural selection, seems, | freely confess, absurd in the highet
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degree."® Y&t Darwin, ever the impressive comparative biologist,
proposed 150 years ago a series of steps in the evolution of this
complex organ, which modern molecular biology is rapidly con-
firming.

Even very simple organisms have light sensitivity, which
helps them avoid predators and seek food. Flatworms possess a
simple pigmented pit, containing light-sensitive cells that pro-
vide some directionality to their ability to perceive incoming
photons. The elegant chambered nautilus sports a modest ad-
vance, where this pit has been converted into a cavity with just
a pinhole to admit light. This considerably improves the resolu-
tion of the apparatus, without requiring more than a subtle
change in the geometry of the surrounding tissue. Smilarly, the
addition of a jellylike substance overlying the primitive light-
sensitive cells in other organisms enables some focusing of the
light. It is not prohibitively difficult, given hundreds of millions
of years, to contemplate how this system could have evolved
into the modern mammalian eye, complete with light-sensing
retina and light-focusing lens.

It is also important to point out that the design of the eye
does not appear on close inspection to be completely ideal. The
rods and cones that sense light are the bottom layer of the
retina, and light has to pass through the nerves and blood ves-
sels to reach them. Similar imperfections of the human spine
(not optimally designed for vertical support), wisdom teeth, and
the curious persistence of the human appendix also seem to
many anatomists to defy the existence of truly intelligent plan-
ning of the human form.

A particularly damaging crack in the foundation of Intelli-
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gent Design theory arises from recent revelations about the
poster child of ID, the bacterial flagellum. The argument that itis
irreducibly complex rests upon the presumption that the ind-
vidual subunits of the flagellum could have had no prior usfu
function of some other sort, and therefore the motor could nct
have been assembled by recruiting such components in a dep-
wise fashion, driven by the forces of natural selection.

Recent research has fundamentally undercut this postion
Specificaly, comparison of protein sequences from mutiple
bacteria has demonstrated that several components of the fla-
gellum are related to an entirely different apparatus ussd by
certain bacteria to inject toxins into other bacteria that they ae
attacking.

This bacterial offensive weapon, referred to by micobido-
gists as the "type Il secretory apparatus,” provides a dear "r-
vival of the fittest" advantage to organisms that possess it.
Presumably, the elements of this structure were duplicated hun
dreds of millions of years ago, and then recruited for a new us
by combining this with other proteins that had previoudy ben
carrying out simpler functions, the entire motor was utimady
generated. Granted, the type Ill secretory apparatus isjus ae
piece of the flagellum's puzzle, and we are far from filling in the
whole picture (if we ever can). But each such new puzzle pee
provides a natural explanation for a step that ID had rdegged
to supernatural forces, and leaves its proponents with srele
and smaller territory to stand upon. Behe cites Darwin's faros
sentence to support the arguments of irreducible complexity: "f
it could be demonstrated that any complex organ edde],
which could not possibly have been formed by numerous, 3¢
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cessive, dight modifications, my theory would absolutely break
down."® In the instance of the flagellum, and in virtualy all
other instances proposed for irreducible complexity, Darwin's
criteria have not been met, and an honest evaluation of current
knowledge leads to the same conclusion that follows in Dar-
win's next sentence: "But | can find out no such case.”

THEOLOGICAL OBJECTIONS TO ID

So, scientifically, 1D fails to hold up, providing neither an oppor-
tunity for experimental validation nor a robust foundation for
its primary clam of irreducible complexity. More than that,
however, ID also fails in a way that should be more of a con-
cern to the believer than to the hard-nosed scientist. ID is a
"God of the gaps" theory, inserting a supposition of the need for
supernatural intervention in places that its proponents claim
science cannot explain. Various cultures have traditionaly tried
to ascribe to God various natural phenomena that the science
of the day had been unable to sort out—whether a solar eclipse
or the beauty of a flower. But those theories have a dismal his-
tory. Advances in science ultimately fill in those gaps, to the
dismay of those who had attached their faith to them. Ulti-
mately a "God of the gaps" religion runs a huge risk of smply
discrediting faith. We must not repeat this mistake in the cur-
rent era. Intelligent Design fits into this discouraging tradition,
and faces the same ultimate demise.

Furthermore, 1D portrays the Almighty as a clumsy Creator,
having to intervene at regular intervals to fix the inadequacies

193



TheLanguage of God

of His own initia plan for generating the complexity of life Fr
a believer who stands in awe of the almost unimaginable intd-
ligence and creative genius of God, thisis a very undidactory
image.

THE FUTURE OF THE ID MOVEMENT

William Dembski, the leading mathematical modeler of the ID
movement, deserves credit for emphasizing the oveading
importance of seeking out the real truth: "Intelligent Desgn
must not become a noble lie for vanquishing views we fird un+
acceptable (history is full of noble lies that ended in diggracd).
Rather, Intelligent Design needs to convince us of its truth on its
scientific merits."® Dembski is absolutely correct in that asar-
tion, and yet his own statement portends the ultimate demise of
ID. Elsewhere, Dembski writes, "If it could be shown that bio-
logical systems that are wonderfully complex, elegant ad ine
grated—such as the bacterial flagelum—could have ben
formed by a gradual Darwinian process (and thus that thar
specified complexity is an illusion), then Inteligent Desgn
would be refuted on the general grounds that one does nat in-
voke intelligent causes when undirected natural causes will do
In that case, Occam's razor would finish off Intelligent Desgn
quite nicely."’

A sober evaluation of current scientific information wald
have to conclude that this outcome is already at hand. The pa-
ceived gaps in evolution that 1D intended to fill with God aein
stead being filled by advances in science. By fordng ths
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limited, narrow view of God's role, Intelligent Design is ironi-
caly on a path toward doing considerable damage to faith.

The sincerity of the proponents of Intelligent Design can
hardly be questioned. The warm embrace of ID by believers,
particularly by evangelical Christians, is completely understand-
able, given the way in which Darwin's theory has been por-
trayed by some outspoken evolutionists as demanding atheism.
But this ship is not headed to the promised land; it is headed in-
stead to the bottom of the ocean. If believers have attached
their last vestiges of hope that God could find a place in human
existence through ID theory, and that theory collapses, what
then happens to faith?

So is the search for harmony between science and fath
hopeless? Musgt we accept the Dawkins perspective: "The uni-
verse we observe has precisely the properties we should expect
if there is, at bottom, no design, no purpose, no evil, and no
good, nothing but blind pitiless indifference"? May it never be
so! To the believer and the scientist alike, | say there is a clear,
compelling, and intellectually satisfying solution to this search
for the truth.



CHAPTER TEN

Option 4: BioL ogos

(Science and Faith in Harmony)

T MY HIGH SCHOOL GRADUATION, an earnest Presbyterian

minister, father of one of the graduates, challenged the

assembled fidgeting teenagers to consider how they
planned to answer life's three great questions: (1) What will be
your lifeés work? (2) What role will love play in your life? and (3)
What will you do about faith? The stark directness of his pres-
entation caught all of us by surprise. Being honest with mysdf,
my answers were (1) chemistry; (2) as much as possible; and (3)
don't go there. | I&ft the ceremony feeling vaguely uneasy.

A dozen years later | found myself deeply engaged in find-
ing answers to questions 1 and 3. After a long and tortuous
path through chemistry, physics, and medicine, | wasfinaly en-
countering that inspiring field of human endeavor | had been
longing to find—one that could combine my love of science and
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mathematics with a desire to help others—the discipline of
medical genetics. At the same time, | had reached the concdu-
sion that faith in God was much more compelling than the
atheism | had previously embraced, and | was beginning for the
first time in my life to perceive some of the eternal truths of
the Bible.

| was vaguely aware that some of those around me thought
that this pairing of explorations was contradictory and | weas
headed over a diff, but | found it difficult to imagine that there
could be a real conflict between scientific truth and spiritud
truth. Truth is truth. Truth cannot disprove truth. | joined the
American Scientific Affiliation (www.asa3.org), a group of sev-
eral thousand scientists who are serious believers in God, ad
found in their meetings and their journal many thoughtful pro-
posals of a pathway toward harmony between science ad
faith. That was enough for me at that point—to see that other
sincere believers were totally comfortable merging their fath
with rigorous science.

| confess that | didn't pay much more attention to the po-
tential for conflict between science and faith for several years-
it just didn't seem that important. There was too much to
discover in scientific research about human genetics, ad too
much to discover about the nature of God from reading and ds
cussing faith with other believers.

The need to find my own harmony of the worldviews ulti-
mately came as the study of genomes—our own and thet of
many other organisms on the planet—began to take df, provid
ing an incredibly rich and detailed view of how descent by
modification from a common ancestor has occurred. Rether
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than finding this unsettling, | found this elegant evidence of the
relatedness of dl living things an occasion of awe, and came to
see this as the master plan of the same Almighty who caused
the universe to come into being and set its physical parameters
just precisely right to alow the creation of stars, planets, heavy
elements, and life itsdf. Without knowing its name at the time, |
settled comfortably into a synthesis generally referred to as
"theistic evolution,” a position | find enormously satisfying to
this day.

WHAT ISTHEISTIC EVOLUTION?

Mountains of material, in fact entire library shelves, are devoted
to the topics of Darwinian evolution, creationism, and Intelli-
gent Design. Ye few scientists or believers are familiar with the
term "theistic evolution,” sometimes abbreviated "TE." By the
now standard criterion of Google search engine entries, there is
only one mention of theistic evolution for every ten about cre-
ationism and every 140 about Intelligent Design.

Yet theistic evolution is the dominant position of serious bi-
ologists who are also serious believers. That includes Asa Gray,
Darwin's chief advocate in the United States, and Theodosius
Dobzhansky, the twentieth-century architect of evolutionary
thinking. It is the view espoused by many Hindus, Musdlims,
Jaws, and Christians, including Pope John Paul II. While it is
risky to make presumptions about historical figures, | believe
that this is also the view that Maimonides (the highly regarded
twelfth-century Jewish philosopher) and Saint Augustine would
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espouse today if they were presented with the scientific evi-
dence for evolution.

There are many subtle variants of theistic evolution, but a
typical version rests upon the following premises:

1. The universe came into being out of nothingness, ap-
proximately 14 billion years ago.

2. Despite massive improbabilities, the properties of the
universe appear to have been precisely tuned for life

3. While the precise mechanism of the origin of life on
earth remains unknown, once life arose, the process
of evolution and natural selection permitted the de-
velopment of biological diversity and complexity over
very long periods of time.

4. Once evolution got under way, no special supernatu-
ral intervention was required.

5. Humans are part of this process, sharing a common
ancestor with the great apes.

6. But humans are also unique in ways that defy evolu-
tionary explanation and point to our spiritua nature.
This includes the existence of the Mord Law (the
knowledge of right and wrong) and the search for
God that characterizes al human cultures throughout
history.

If one accepts these six premises, then an entirely plausble,
intellectually satisfying, and logically consistent synthess
emerges: God, who is not limited in space or time, created the
universe and established natural laws that govern it. Sesking to
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populate this otherwise sterile universe with living creatures,
God chose the elegant mechanism of evolution to create mi-
crobes, plants, and animals of al sorts. Mogt remarkably, God
intentionally chose the same mechanism to give rise to special
creatures who would have intelligence, a knowledge of right
and wrong, free will, and a desire to seek fellowship with Him.
He aso knew these creatures would ultimately choose to dis-
obey the Mord Law.

This view is entirely compatible with everything that sci-
ence teaches us about the natural world. It is also entirely com-
patible with the great monotheistic religions of the world. The
theistic evolution perspective cannot, of course, prove that God
is real, as no logica argument can fully achieve that. Bdief in
God will always require a leap of faith. But this synthesis has
provided for legions of scientist-believers a satisfying, consis-
tent, enriching perspective that allows both the scientific and
spiritual worldviews to coexist happily within us. This perspec-
tive makes it possible for the scientist-believer to be intellectu-
dly fulfilled and spiritually alive, both worshiping God and
using the tools of science to uncover some of the awesome
mysteries of His creation.

CRITIQUES OF THEISTIC EVOLUTION

Of course, many objections to theistic evolution have been
raised.’ If this is such a satisfying synthesis, why is it not more
widely embraced? Firgt of dl, it is smply not widely known.
Few, if any, prominent public advocates have ever spoken pas-
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sionately about theistic evolution and the way in which it re-
solves current battles. While many scientists ascribe to TE, they
are in general reluctant to speak out for fear of negative reac-
tion from their scientific peers, or perhaps for fear of criticism
from the theological community.

On the religious side of the divide, few prominent theolo-
gians are currently familiar enough with the details of biologicd
science to endorse this perspective confidently in the face of
massive objections from the advocates of creationism or Intdli-
gent Design. Important exceptions can be noted, however. Pope
John Paul 11 in his message to the Pontifica Academy of Sd-
ences in 1996 offered a particularly thoughtful and courageous
defense of theistic evolution. The pope stated that "new find-
ings lead us toward the recognition of evolution as more than a
hypothesis." He thus accepted the biological reality of evolution,
but was careful to balance that with a spiritual perspective,
echoing the position of his predecessor Pius XII: "If the origin of
the human body comes through living matter which exiged
previously, the spiritual soul is created directly by God."?

This enlightened papal view was warmly welcomed by may
believer-scientists. Concerns were raised, however, by comments
from Catholic Cardina Schonborn of Vienna, only months dter
the death of John Paul II, suggesting that this was a "rather vague
and unimportant 1996 letter about evolution,” and that more s=
rious consideration should be given to the Intelligent Design per-
spective.® (More recent signals from the Vatican appear to be
returning to the perspective of John Paul 11.)

Perhaps a more trivia reason that theistic evolution is so
little appreciated is that it has a terrible name. Most nontheolo-
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gians are not quite sure what a theist is, much less how that
term could be converted to an adjective and used to modify
Darwin's theory. Relegating one's belief in God to an adjective
suggests a secondary priority, with the primary emphasis being
the noun, namely "evolution." But the alternative of "evolution-
ary theism" doesn't resonate particularly well either.

Unfortunately, many of the nouns and adjectives that could
describe the rich nature of this synthesis are already freighted
with so much baggage as to be off-limits. Should we coin the
term "crevolution"? Probably not. And one dare not use the
words "creation,” "intelligent,” "fundamental,” or "designer,”
for fear of confusion. We need to start afresh. My modest pro-
posal is to rename theistic evolution as Bios through Logos, or
smply BioLogos. Scholars will recognize bios as the Greek
word for "life" (the root word for biology, biochemistry, and so
forth), and logos as the Greek for "word." To many believers,
the Word is synonymous with God, as powerfully and poeti-
caly expressed in those majestic opening lines of the gospel of
John, "In the beginning was the Word, and the Word was with
God, and the Word was God" (John 1:1). "BioLogos' expresses
the belief that God is the source of al life and that life ex-
presses the will of God.

Ironicaly, another maor reason for the invishility of the
BioLogos position is the very harmony that it creates between
warring factions. As a society we seem drawn not to harmony
but to conflict. The mediais partly to blame, but the media only
plays to the public's desires. On the evening newsyou are likely
to hear of multicar crackups, destructive hurricanes, violent
crimes, messy celebrity divorces, and yes, raucous school board
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debates over the teaching of evolution. You are not likdy to
hear much about the coming together of neighborhood goups
of different faiths to try to solve community problems, nor
about lifdong atheist Anthony Flew becoming a believer, ad
certainly not about theistic evolution or the double ranbow
seen over the city this afternoon. We love conflict and disoord,
and the harsher the better. In academia, the serious musc ad
art produced by members of the faculty seem to celebrate bang
hard to listen to and hard to look at. Harmony is boring.

More serioudly, however, objections are raised to Bid_ogos
by those who perceive this perspective as doing violence to &-
ther science or faith or both. For the atheistic scientist, Bid_o-
gos seems to be another "God of the gaps" theory imposng the
presence of the divine where none is needed or desred. Bu
this argument is not apt. BioLogos doesn't try to wedge G
into gaps in our understanding of the natural world; it proposss
God as the answer to questions science was never intended to
address, such as "How did the universe get here?' "Wha is the
meaning of life?" "What happens to us after we die?" Unlike In-
telligent Design, BioLogos is not intended as a scientific theary.
Its truth can be tested only by the spiritual logic of the heat, the
mind, and the soul.

The most major current objections to BiolLogos arise, hon-
ever, from believers in God who simply cannot accept that Gal
would have carried out creation using such an apparently rax
dom, potentially heartless, and inefficient process as Dawinian
evolution. After al, they argue, evolutionists dam tha te
process is full of chance and random outcomes. If you revourd
the clock several hundred million years, and then dlowed e
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lution to proceed forward again, you might end up with a very
different outcome. For example, if the now well-documented
collision of a large asteroid with the earth 65 million years ago
had not happened, it might well be that the emergence of
higher intelligence would not have come in the form of a car-
nivorous mammal (Homo sapient, but in a reptile.

How is this consistent with the theological concept that hu-
mans are created "in the image of God" (Genesis 1:27)? Well,
perhaps one shouldn't get too hung up on the notion that this
scripture is referring to physical anatomy—the image of God
seems a lot more about mind than body. Does God have toe-
nails? A belly button?

But how could God take such chances? If evolution is ran-
dom, how could He really be in charge, and how could He be
certain of an outcome that included intelligent beings at al?

The solution is actually readily at hand, once one ceases to
apply human limitations to God. If God is outside of nature,
then He is outside of space and time. In that context, God could
in the moment of creation of the universe also know every de-
tal of the future. That could include the formation of the stars,
planets, and galaxies, al of the chemistry, physics, geology, and
biology that led to the formation of life on earth, and the evolu-
tion of humans, right to the moment of your reading this
book—and beyond. In that context, evolution could appear to
us to be driven by chance, but from God's perspective the out-
come would be entirely specified. Thus, God could be com-
pletely and intimately involved in the creation of al species,
while from our perspective, limited as it is by the tyranny of lin-
ear time, this would appear a random and undirected process.
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So perhaps that takes care of the objections about the rde
of chance in the appearance of humans on this earth. The re-
maining stumbling block for the BioLogos position, however, at
least for most believers, is the apparent conflict of the premises
of evolution with important sacred texts. In looking dosdy at
chapters 1 and 2 of the book of Genesis, we have previoudy
concluded that many interpretations have been honorably put
forward by sincere believers, and that this powerful document
can best be understood as poetry and alegory rather than a lit-
eral scientific description of origins. Without repeating those
points, consider the words of Theodosius Dobzhansky
(1900-1975), a prominent scientist who subscribed to the Rs
sian Orthodox faith and to theistic evolution: "Crestion is not an
event that happened in 4004 BC; it is a process that began some
10 billion years ago and is still underway. . . . Does the eviggms
tionary doctrine clash with religious faith? It does not. It js 5
blunder to mistake the Holy Scriptures for elementary textbyge
of astronomy, geology, biology, and anthropology. Only if Syme
bols are construed to mean what they are not intended to mey,
can there arise imaginary, insoluble conflicts."*

WHAT ABOUT ADAM AND EVE?

Very well, so the six days of creation can be harmonized
what science tells us about the natural world. But what goout
the Garden of Eden? Is the description of Adam's cregtion fro
the dust of the earth, and the subsequent creation of Bve fro
one of Adam's ribs, so powerfully described in Geness 2,
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symbolic allegory of the entrance of the human soul into a pre-
vioudy soulless animal kingdom, or is this intended as literal
history?

As noted previoudy, studies of human variation, together
with the fossil record, al point to an origin of modern humans
approximately a hundred thousand years ago, most likely in
East Africa Genetic analyses suggest that approximately ten
thousand ancestors gave rise to the entire population of 6 bil-
lion humans on the planet. How, then, does one blend these
scientific observations with the story of Adam and Eve?

in the first place, the biblical texts themselves seem to sug-
gest that there were other humans present at the same time
that Adam and Eve were expelled from the Garden of Eden.
Otherwise, where did Cain's wife, mentioned only after he left
Eden to live in the land of Nod (Genesis 4:16-17), come from?
Some hiblical literalists insist that the wives of Cain and Seth
must have been their own sisters, but that is both in serious
conflict with subsequent prohibitions against incest, and in-
compatible with a straightforward reading of the text. The real
dilemma for the believer comes down to whether Genesis 2 is
describing a special act of miraculous creation that applied to a
historic couple, making them biologicaly different from all
other creatures that had waked the earth, or whether thisis a
poetic and powerful allegory of God's plan for the entrance of
the spiritua nature (the soul) and the Mora Law into humanity.

Since a supernatural God can carry out supernatural acts,
both options are intellectualy tenable. However, better minds
than mine have been unable to arrive at a precise understand-
ing of this story over more than three millennia, and so we
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should be wary of staking out any position too strongly. May
believers find the story of Adam and Eve compelling as literd
history, but no less an intellect than C. S. Lewis, a diginguished
scholar of myth and of history, found in the story of Adam ad
Eve something resembling a moral lesson rather than a sder
tific textbook or a biography. Here is Lewiss verson of the
events in question:

For long centuries, God perfected the anima fom
which was to become the vehicle of humanity and
the image of Himsdf. He gave it hands whose
thumb could be applied to each of the fingers, and
jaws and teeth and throat capable of articulation,
and a brain sufficiently complex to execute al of
the material motions whereby rational thought is
incarnated. The creature may have existed in this
state for ages before it became man: it may even
have been clever enough to make things which a
modern archaeologist would accept as proof of its
humanity. But it was only an animal because dl its
physical and psychical processes were directed to
purely material and natural ends. Then, in the ful-
ness of time, God caused to descend upon this or-
ganism, both on its psychology and physology, a
new kind of consciousness which could say "I" ad
"me" which could look upon itsdf as an objed,
which knew God, which could make judgments of
truth, beauty and goodness, and which was so fa
above time that it could perceive time floning

208



OPTION 4: BIOLOGOS

past. ... We do not know how many of these crea-
tures God made, nor how long they continued in
the Paradisal state. But sooner or later they fel.
Someone or something whispered that they could
become as gods. . . . They wanted some corner in
the universe of which they could say to God, "This
is our business, not yours." But there is no such
corner. They wanted to be nouns, but they were,
and eternally must be, mere adjectives. We have no
idea in what particular act, or series of acts, the
sdlf-contradictory, impossible wish found expres-
sion. For al | can see, it might have concerned the
literdl eating of a fruit, but the question is of no
consequence.’

Conservative Christians who are otherwise great admirers
of C. S. Lewis may be troubled by this passage. Doesn't a com-
promise on Genesis 1 and 2 start the believer down a dlippery
slope, ultimately resulting in the denial of the fundamental
truths of God and His miraculous actions? While there is clear
danger in unrestrained forms of "libera" theology that eviscer-
ate the real truths of faith, mature observers are used to living
on dippery slopes and deciding where to place a sensible stop-
ping point. Many sacred texts do indeed carry the clear marks
of eyewitness history, and as believers we must hold fast to
those truths. Others, such as the stories of Job and Jonah, and
of Adam and Eve, frankly do not carry that same historical ring.

Given this uncertainty of interpretation of certain scriptural
passages, is it sensible for sincere believers to rest the entirety of
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their position in the evolutionary debate, their views on the trus-
worthiness of science, and the very foundation of their rdigious
faith on aliteralist interpretation, even if other equally sncere be
lievers disagree, and have disagreed even long before Dawin
and his Origin of Species first appeared? | do not believe that the
God who created dl the universe, and who communes with Hs
people through prayer and spiritual insight, would expect usto
deny the obvious truths of the natural world that science hasre
vealed to us, in order to prove our love for Him.

In that context, | find theistic evolution, or BioLogos, to be
by far the most scientifically consistent and spiritualy sisying
of the alternatives. This position will not go out of style or be]
disproven by future scientific discoveries. It is intellectualy rig-
orous, it provides answers to many otherwise puzzling ques
tions, and it allows science and faith to fortify each other like
two unshakable pillars, holding up a building called Truth.

SCIENCE AND FAITH: THE CONCLUSION REALLY MATTERS

In the twenty-first century, in an increasingly technologica s>
ciety, a battle is raging for the hearts and minds of humany.
Many materialists, noting triumphally the advances of siexe
in filling the gaps of our understanding of nature, anounce
that belief in God is an outmoded superstition, and that we
would be better off admitting that and moving on. Many bdie
ers in God, convinced that the truth they derive from qarite
introspection is of more enduring value than truths from aher
sources, see the advances in science and technology as dangg-
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ous and untrustworthy. Positions are hardening. Voices are be-
coming more shrrill.

Will we turn our backs on science because it is perceived as
athreat to God, abandoning al of the promise of advancing our
understanding of nature and applying that to the alleviation of
suffering and the betterment of humankind? Alternatively, will
we turn our backs on faith, concluding that science has ren-
dered the spiritua life no longer necessary, and that traditional
religious symbols can now be replaced by engravings of the
double helix on our altars?

Both of these choices are profoundly dangerous. Both deny
truth. Both will diminish the nobility of humankind. Both will be
devastating to our future. And both are unnecessary. The God
of the Bible is also the God of the genome. He can be worshiped
in the cathedral or in the laboratory. His creation is majestic,
awesome, intricate, and beautiful—and it cannot be at war with
itsdlf. Only we imperfect humans can start such battles. And
only we can end them.



CHAPTER ELEVEN

Truth Seekers

E IMPOVERISHED VILLAGE OF EKU liesin the delta of the
I Niger River, near the crook in the elbow that makes up
the western coastline of Africa It was there that |
learned a powerful and unexpected lesson.
| had traveled to Nigeria in the summer of 1989 to volunteer
in a small mission hospital, in order to provide an opportunity
for the missionary physicians to attend their annual conference
and recharge their spiritual and physical batteries. My college-
age daughter and | agreed to go on this adventure together,
having long been curious about life in Africa, and having har-
bored a desire to contribute something to the developing world.
| was aware that my own medical skills, dependent as they
were upon the high-tech world of an American hospital, might
be poorly matched to the challenges of unfamiliar tropical dis-
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eases and little technical support. Nonetheless, | arived in
Nigeria with an expectation that my presence there was gong
to make a significant difference in the lives of the many | e
pected to care for.

The hospital at Eku was unlike anything | had experienced.
There were never enough beds, so patients often had to dexp
on the floor. Their families often traveled with them and took
on the responsibility of feeding them, since the hospital was not
able to provide adequate nourishment. A wide spectrum of s
vere diseases was represented. Oftentimes patients arived at
the hospital only after many days of progressive illness. Bvn
worse, the course of disease was regularly compounded by the
toxic ministrations of the witch doctors, to which many Nigai-
ans would first go for help, coming to the hospital in Eku oy
when al else failed. Hardest of al for me to accept, it becane
abundantly clear that the mgjority of the diseases | was cdled
upon to treat represented a devastating failure of the pubic
health system. Tuberculosis, malaria, tetanus, and a wide vai-
ety of parasitic diseases all reflected an environment that wes
completely unregulated and a health care system that was com
pletely broken.

Overwhelmed by the enormity of these problems ex
hausted by the constant stream of patients with illnesses | wes
poorly equipped to diagnose, frustrated by the lack of labora
tory and X-ray support, | grew more and more discouraged,
wondering why | had ever thought that this trip would be a
good thing.

Then one afternoon in the clinic a young fame wes
brought in by his family with progressive weakness and mes
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sive swelling of his legs. Taking his pulse, | was startled to note
that it essentially disappeared every time he took in a breath.
Though | had never seen this classic physical sign (referred to
as a "paradoxical pulse’) so dramatically demonstrated, |1 was
pretty sure this must mean that this young farmer had accumu-
lated a large amount of fluid in the pericardial sac around his
heart. This fluid was threatening to choke off his circulation and
take hislife.

In this setting, the most likely cause was tuberculosis. We
had drugs at Eku for tuberculosis, but they could not act quickly
enough to save this young man. He had at most a few days to
live unless something drastic was done. The only chance to
save him was to carry out a highly risky procedure of drawing
off the pericardial fluid with a large bore needle placed in his
chest. In the developed world, such a procedure would be done
only by a highly trained interventional cardiologist, guided by
an ultrasound machine, in order to avoid lacerating the heart
and causing immediate death.

No ultrasound was available. No other physician present in
this small Nigerian hospital had ever undertaken this proce-
dure. The choice was for me to attempt a highly risky and inva-
sive needle aspiration or watch the farmer die. |1 explained the
situation to the young man, who was now fully aware of his
own precarious state. He calmly urged me to proceed. With my
heart in my mouth and a prayer on my lips, | inserted a large
needle just under his sternum and aimed for his left shoulder,
al the while fearing that 1 might have made the wrong diagno-
sis, in which case | was almost certainly going to kill him.

| didn't have to wait long. The rush of dark red fluid in my
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syringe initially made me panic that | might have entered
heart chamber, but it soon became apparent that this was
normal heart's blood. It was a massive amount of bloody tu
culous effuson from the pericardial sac around the heart.

Nearly a quart of fluid was drawn dff. The young man's re-
sponse was dramatic. His paradoxical pulse disappeared dmest
a once, and within the next twenty-four hours the swvdling of
his legs rapidly improved.

For a few hours after this experience | fet a great sense of
relief, even elation, a what had happened. But by the net
morning, the same familiar gloom began to settle over me
After al, the circumstances that had led this young man to &
quire tuberculosis were not going to change. He woud be
started on TB drugs in the hospital, yet the chances were god
that he would not have the resources to pay for the entire tno
years of treatment that he needed, and he might very wel siffer
a recurrence and die despite our efforts. Even if he survived te
disease, some other preventable disorder, born of dirty wetr,
inadequate nutrition, and a dangerous environment, pracedy
lay not too far in his future. The chances for long life in a Nige
rian farmer are poor.

With those discouraging thoughts in my head, | gooroeded
his bedside the next morning, finding him reading his Bide He
looked at me quizzically, and asked whether | had woked at
the hospital for a long time. | admitted that | was new, feding
somewhat irritated and embarrassed that it had been 0 ey
for him to figure that out. But then this young Nigerian fams,
just about as different from me in culture, experience, ad ax
cestry as any two humans could be, spoke the waords thet wil
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forever be emblazoned in my mind: "l get the sense you are
wondering why you came here," he said. "l have an answer for
you. You came here for one reason. You came here for me."

| was stunned. Stunned that he could see so clearly into my
heart, but even more stunned at the words he was speaking. |
had plunged a needle close to his heart; he had directly impaled
mine. With a few simple words he had put my grandiose
dreams of being the great white doctor, healing the African mil-
lions, to shame. He was right. We are each called to reach out
to others. On rare occasions that can happen on a grand scale.
But most of the time it happens in simple acts of kindness of
one person to another. Those are the events that really matter.
The tears of relief that blurred my vision as | digested his words
stemmed from indescribable reassurance—reassurance that
there in that strange place for just that one moment, | was in
harmony with God's will, bonded together with this young man
in a most unlikely but marvelous way.

Nothing | had learned from science could explain that expe-
rience. Nothing about the evolutionary explanations for human
behavior could account for why it seemed so right for this privi-
leged white man to be standing at the bedside of this young
African farmer, each of them receiving something exceptional.
Thiswas what C. S. Lewis calls agape. It is the love that seeks
no recompense. It is an affront to materialism and naturalism.
And it is the sweetest joy that one can experience.

In years of dreaming of going to Africa, | had fdt the gentle
stirrings of a desire to do something truly unselfish for others—
that calling to serve with no expectation of personal benefit that
is common to al human cultures. But | had let other, |ess noble
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dreams get in the way—the expectation of receiving admiration
from the Eku villagers, the anticipation of applause fran my
medical colleagues at home. Those grand schemes were dealy
not happening for me in the gritty reality of impoverished Bu
But the simple act of trying to help just one person, in a despar-
ate situation where my skills were poorly matched to the dd-
lenge, turned out to represent the most meaningful of dl
human experiences. A burden lifted. This was true north. Ard
the compass pointed not at self-glorification, or at maeridiam,
or even a medical science—instead it pointed at the goodness
that we all hope desperately to find within ourselves and ath
ers. | also saw more clearly than ever before the author of thet
goodness and truth, the real True North, God himsdf, reveding
His holy nature by the way in which He has written this desre
to seek goodness in al of our hearts.

MAKING PERSONAL SENSE OF THE EVIDENCE

o here, in the fina chapter, we have come full circle, reuming
again to the existence of the Mord Law, where this sory begm
We have traveled through the sciences of chemidtry, physcs
cosmology, geology, paleontology, and biology—and ye this
uniquely human attribute ill causes wonder. After twaty-
eight years as a believer, the Moral Law ill stands out fa me
as the strongest signpost to God. More than that, it pointstoa
God who cares about human beings, and a God who is irfintdy
good and holy.

The other observations, discussed earlier, that pont to a
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Creator—the fact that the universe had a beginning, that it
obeys orderly laws that can be expressed precisely with mathe-
matics, and the existence of a remarkable series of "coinci-
dences’ that allow the laws of nature to support life—do not tell
us much about what kind of God must be behind it all, but they
do point toward an intelligent mind that could lie behind such
precise and elegant principles. But what kind of mind? What,
exactly, should we believe?

WHAT KIND OF FAITH?

In the opening chapter of this book, | described my own path-
way from atheism to belief. | now owe you a deeper explana-
tion of my subsequent path. | offer this with some trepidation,
since strong passions tend to be incited as soon as one begins
to differentiate from a general sense of God's existence to a
specific set of beliefs.

Mogt of the world's great faiths share many truths, and
probably they would not have survived had that not been so.
Ye there are also interesting and important differences, and
each person needs to seek out his own particular path to the
truth.

After my conversion to belief in God, | spent considerable
time trying to discern His characteristics. | concluded that He
must be a God who cares about persons, or the argument about
the Mord Law would not make much sense. So deism wouldn't
do for me. | also concluded that God must be holy and righ-
teous, since the Morad Law calls me in that direction. But this
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still seemed awfully abstract. Just because God is good ad
loves His creatures does not, for instance, require that we hae
the ability to communicate with Him, or to have some sort of
relationship with Him. | found an increasing sense of longng
for that, however, and | began to realize that thisis what prayer
is all about. Prayer is not, as some seem to suggest, an opportu-
nity to manipulate God into doing what you want Hm to.
Prayer is instead our way of seeking fellowship with God, leam-
ing about Him, and attempting to perceive His perspective on
the many issues around us that cause us puzzlement, wonde,
or distress.

Yet | found it difficult to build that bridge toward God. The
more | learned about Him, the more His purity and hdiness
seemed unapproachable, and the darker my own thoughts ad
actions seemed to be in that bright light.

| began to be increasingly aware of my own inghility to do
the right thing, even for a day. | could generate lots of exauses
but when | was really honest with mysdf, pride, goathy, ad
anger were regularly winning my internal battles. 1 had resr
really thought of applying the word "sinner" to mysdf bdae
but now it was painfully obvious that this old-fashioned wad,
one from which | had previously recoiled because it ssmal
coarse and judgmental, fit quite accurately.

1 sought to engineer a cure by spending more time in s
examination and prayer. But those efforts proved lagdy dy
and unrewarding, failing to carry me across the widening g
between my awareness of my imperfect nature and Gods pa-
fection.

Into this deepening gloom came the person of Jesus (g
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During my boyhood years sitting in the choir loft of a Christian
church, | realy had no idea who Christ was. | thought of Him as
a myth, afairy tale, a superhero in a "just so" bedtime story. But
as 1 read the actual account of His life for the first time in the
four gospels, the eyewitness nature of the narratives and the
enormity of Christ's claims and their consequences gradually
began to sink in. Here was a man who not only claimed to
know God, He claimed to be God. No other figure 1 could find in
any other faith made such an outrageous clam. He also
claimed to be able to forgive sins, which seemed both exciting
and utterly shocking. He was humble and loving, He spoke re-
markable words of wisdom, and yet He was put to death on the
cross by those who feared Him. He was a man, so He knew the
human condition that | was finding so burdensome, and yet He
promised to relieve that burden: "Come unto me al ye that are
weary and burdened, and | will giveyou rest" (Matthew 11:28).

The other scandal ous thing that the New Testament eyewit-
nesses said about Him, and that Christians seemed to take as a
central tenet of their faith, is that this good man rose from the
dead. For a scientific mind, this was difficult suff. But on the
other hand, if Christ really was the Son of God, as He explicitly
claimed, then surely of al those who had ever walked the earth,
He could suspend the laws of nature if He needed to do so to
achieve a more important purpose.

But His resurrection had to be more than a demonstration
of magical powers. What was the real point of it? Christians
have puzzled over this question for two millennia. After much
searching, 1 could find no single answer—instead, there were
several interlocking answers, all pointing to the idea of a bridge
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between our snful selves and a holy God. Some commentators
focus on the idea of substitution—Christ dying in the place of dl
of us who deserve God's judgment for our wrongdoings. Others
cal it redemption—Christ paid the ultimate price to free us fran
the bondage of sin, so that we could find God and rest in the
confidence that He no longer judges us by our actions, but sees
us as having been washed clean. Christians cal this sdvation
by grace. But for me, the crucifixion and resurrection aso pro-
vided something else. My desire to draw close to God wes
blocked by my own pride and sinfulness, which in turn was an
inevitable consequence of my own sdfish desire to be in con
trol. Faithfulness to God required a kind of death of sdf-will, in
order to be reborn as a new creation.

How could | achieve such a thing? As had happened so
many times with previous dilemmas, the words of C. S. Lenis
captured the answer precisaly:

But supposing God became a man—suppose our
human nature which can suffer and die was amal-
gamated with God's nature in one person—then
that person could help us. He could surrender His
will, and suffer and die, because He was man; and
He could do it perfectly because He was God. Yau
and 1 can go through this process only if God does it
in us; but God can do it only if He becomes man.
Our attempts a this dying will succeed only if we
men share in God's dying, just as our thinking can
succeed only because it is a drop out of the ocean
of His intelligence: but we cannot share God's dying
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unless God dies; and He cannot die except by being
aman. That isthe sense in which He pays our debt,
and suffers for us what He Himsdf need not suffer
atall.

Before | became a believer in God, this kind of logic seemed
like utter nonsense. Now the crucifixion and resurrection
emerged as the compelling solution to the gap that yawned be-
tween God and mysdf, a gap that could now be bridged by the
person of Jesus Christ.

So | became convinced that God's arrival on earth in the
person of Jesus Christ could serve a divine purpose. But did this
mesh with history? The scientist in me refused to go any further
along this path toward Christian bdief, no matter how appeal-
ing, if the biblical writings about Christ turned out to be a myth
or, worse yet, a hoax. But the more | read of biblica and non-
biblical accounts of events in first-century Palestine, the more
amazed | was at the historical evidence for the existence of
Jesus Christ. Firgt of al, the gospels of Matthew, Mark, Luke,
and John were put down just a few decades after Christ's death.
Their style and content suggests strongly that they are intended
to be the record of eyewitnesses (Matthew and John were
among the twelve apostles). Concerns about errors creeping in
by successive copying or bad translation have been mostly laid
to rest by discovery of very early manuscripts. Thus, the evi-
dence for authenticity of the four gospels turns out to be quite
strong. Furthermore, non-Christian historians of the first cen-
tury such as Josephus bear witness to a Jewish prophet who
was crucified by Pontius Pilate around 33 A.D. Many more ex-
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amples of evidence for the historical nature of Christ's exigence
have been collected in many excellent books, to which the in-
terested reader is referred.? In fact, one scholar has written,
"The historicity of Christ is as axiomatic for an unbiased hido-
rian as the historicity of Julius Caesar."®

EVIDENCE DEMANDING A VERDICT

So the growing evidence of this unique individual, who ssamed
to represent God in search of man (whereas most other rdi-
gions seemed to be man in search of God) provided a com
pelling case. But | hesitated, afraid of the consequences, ad
afflicted by doubts. Maybe Christ was just a great gritud
teacher? Again, Lewis seemed to have written one paticua
paragraph just for me:

| am trying here to prevent anyone saying the redly
foolish thing that people often say about Him: "I'm
ready to accept Jesus as a great moral teacher, but |
don't accept His claim to be God." That is one thing
we must not say. A man who was merely a men
and said the sort of things Jesus said would not be a
great moral teacher. He would either be a lundic—
on a leve with a man who says He is a poached
egg—or else He would be the Devil of Hdl. Yau
must make your choice. Either this man was, ad
is, the Son of God: or else a madman or something
worse. You can shut Him up for a fool, you can it
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a Him and kill Him as a demon; or you can fdl at
His feet and call Him Lord and God. But let us not
come with any patronizing nonsense about His
being a great human teacher. He has not left that
open to us. He did not intend to.*

Lewis was right. | had to make a choice. A full year had
passed since | decided to believe in some sort of God, and now
| was being called to account. On a beautiful fal day, as | was
hiking in the Cascade Mountains during my first trip west of the
Mississippi, the majesty and beauty of God's creation over-
whelmed my resistance. As | rounded a corner and saw a beau-
tiful and unexpected frozen waterfall, hundreds of feet high, |
knew the search was over. The next morning, | knelt in the
dewy grass as the sun rose and surrendered to Jesus Chrigt.

I do not mean by telling this story to evangelize or prosely-
tize. Each person must carry out his or her own search for spiri-
tual truth. If God is real. He will assist. Far too much has been
said by Christians about the exclusive club they inhabit. Toler-
ance is a virtue; intolerance isavice. | find it deeply disturbing
when believers in one faith tradition dismiss the spiritual expe-
riences of others. Regrettably, Christians seem particularly
prone to do this. Personaly, | have found much to learn from
and admire in other spiritual traditions, though | have found the
special revelation of God's nature in Jesus Chrigt to be an essen-
tial component of my own faith.

Christians dl too often come across as arrogant, judgmen-
tal, and self-righteous, but Christ never did. Consider, for in-
stance, the well-known parable of the Good Samaritan. The
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nature of the participants in this morality play would have been
immediately apparent to listeners in Christ's day, though less so
in modern times. Here are Jesus words, as recorded in Luke
10:30-37:

A man was going down from Jerusalem to Jericho,
when he fdl into the hands of robbers. They
stripped him of his clothes, beat him and went
away, leaving him half dead. A priest happened to
be going down the same road, and when he saw
the man, he passed by on the other side. So, too, a
Levite, when he came to the place and saw him,
passed by on the other side. But a Samaritan, as he
traveled, came where the man was; and when he
saw him, he took pity on him. He went to him and
bandaged his wounds, pouring on oil and wine.
Then he put the man on his own donkey, took him
to an inn and took care of him. The next day he
took out two dslver coins and gave them to the
innkeeper. "Look after him," he said, "and when |
return, | will reimburse you for any extra expense
you may have." Which of these three do you think
was the neighbor to the man who fdl into the
hands of robbers? The expert in the law replied,
"The one who had mercy on him." Jesus told him,
"Go and do likewise."

Samaritans were much hated by the Jews, because they re
jected many of the teachings of the Jewish prophets. The fat
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that Jesus would put forward the behavior of the Samaritan as
more virtuous than that of a priest or a lay leader (a Levite)
must have been scandalous to his hearers. But the overarching
principle of love and acceptance appears throughout Christ's
teachings in the New Testament. It is the most important guide
of how we are to treat others. In Matthew 22:35 Christ is
queried about which is the greatest of God's commandments.
He answers smply, "Love the Lord your God with al your heart
and with al your soul and with al your mind. This is the first
and greatest commandment. And the second is like it: Love
your neighbor as yourself."

Many of these principles can be found in other great reli-
gions of the world. Ye if faith is not just a cultural practice, but
rather a search for absolute truth, we must not go so far as to
commit the logical falacy of saying that all conflicting points of
view are equally true. Monotheism and polytheism cannot both
be right. Through my own search, Christianity has provided for
me that special ring of eternal truth. But you must conduct your
own search.

SEEK AND YE SHALL FIND

If you have made it this far with me, | hope you will agree that
the scientific and spiritual worldviews both have much to offer.
Both provide differing but complementary ways of answering
the greatest of the world's questions, and both can coexist hap-
pily within the mind of an intellectually inquisitive person living
in the twenty-first century.
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Science is the only legitimate way to investigate the naturd
world. Whether probing the structure of the atom, the nature of
the cosmos, or the DNA sequence of the human genome, the
scientific method is the only reliable way to seek out the truth
of natural events. Yes, experiments can fal spectacularly, inter-
pretations of experiments can be misguided, and science can
make mistakes. But the nature of science is self-correcting. No
major falacy can long persist in the face of a progressive in
crease in knowledge.

Nevertheless, science alone is not enough to answer dl the
important questions. Even Albert Einstein saw the poverty of a
purely naturalistic worldview. Choosing his words carefully, he
wrote, "Science without religion is lame, religion without sd-
ence is blind."®> The meaning of human existence, the redity of
God, the possibility of an &fterlife, and many other oiritud
guestions lie outside of the reach of the scientific method. While
an atheist may claim that those questions are therefore una+
swerable and irrelevant, that does not resonate with most ind-
viduals' human experience. John Polkinghorne argues this pairt
cogently by a comparison to music:

The poverty of an objectivistic account is made only
too clear when we consider the mystery of music.
From a scientific point of view, it is nothing but vi-
brations in the air, impinging on the eardrums and
stimulating neural currentsin the brain.

How does it come about that this banal se-
guence of temporal activity has the power to spesk
to our hearts of an eternal beauty? The whole range
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of subjective experience, from perceiving a patch of
pink, to being enthralled by a performance of the
Mass in B Minor, and on to the mystic's encounter
with the ineffable reality of the One, dl these truly
human experiences are at the center of our en-
counter with redlity, and they are not to be dis-
missed as epiphenomenal froth on the surface of a
universe whose true nature is impersonal and life-
less.®

Science is not the only way of knowing. The spiritual
worldview provides another way of finding truth. Scientists
who deny this would be well advised to consider the limits of
their own tools, as nicely represented in a parable told by the
astronomer Arthur Eddington. He described a man who set
about to study deep-sea life using a net that had a mesh size of
three inches. After catching many wild and wonderful crea-
tures from the depths, the man concluded that there are no
deep-sea fish that are smaller than three inches in length! If
we are using the scientific net to catch our particular version of
truth, we should not be surprised that it does not catch the evi-
dence of spirit.

What obstacles lie in the way of a broader embrace of the
complementary nature of the scientific and spiritual world-
views? Thisis not just a theoretical question for dry philosophi-
ca consideration. It is a challenge for each one of us. | hope
you will forgive me, therefore, if | address you somewhat more
personally as we approach the end of this book.
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AN EXHORTATION TO BELIEVERS

If you are a believer in God who picked up this book because of
concerns that science is eroding faith by promoting an athegic
worldview, | hope you are reassured by the potential for ha-
mony between faith and science. If God is the Creator of dl the
universe, if God had a specific plan for the arrival of humankind
on the scene, and if He had a desire for personal fdlowship
with humans, into whom He had instilled the Mord Lav asa
signpost toward Himsdf, then He can hardly be threatened by
the efforts of our puny minds to understand the grandeur of Hs
creation.

In that context, science can be a form of worship. Indesd,
believers should seek to be in the forefront among those des
ing after new knowledge. Believers have led science a may
times in the past. Ye dl too often today, scientists are unessy
about admitting their spiritual views. To add to the prodem,
church leaders often seem to be out of step with new sdentific
findings, and run the risk of attacking scientific pergectives
without fully understanding the facts. The consequence en
bring ridicule on the church, driving sincere seekers away fan
God instead of into His arms. Proverbs 19:2 warns againg this
kind of well-intentioned but misinformed religious favor: "It is
not good to have zeal without knowledge."

Believers would do well to follow the exhortation of Copa-
nicus, who found in the discovery that the earth revdves
around the sun an opportunity to celebrate, rather than dmin
ish, the grandeur of God: "To know the mighty works of God to
comprehend His wisdom and majesty and power; to gopredde
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in degree, the wonderful working of His laws, surely al this
must be a pleasing and acceptable mode of worship to the Most
High, to whom ignorance cannot be more grateful than knowl-
edge."’

AN EXHORTATION TO SCIENTISTS

On the other hand, if you are one who trusts the methods of
science but remains skeptical about faith, this would be a good
moment to ask yourself what barriers lie in your way toward
seeking a harmony between these worldviews.

Have you been concerned that belief in God requires a de-
scent into irrationality, a compromise of logic, or even intellec-
tual suicide? It is hoped that the arguments presented within
this book will provide at least a partial antidote to that view,
and will convince you that of all the possible worldviews, athe-
ism isthe least rational.

Have you been turned off by the hypocritical behavior of
those who profess belief? Again, keep in mind that the pure
water of spiritual truth is carried in those rusty containers called
human beings, so there should be no surprise that at times
those foundational beliefs can be severely distorted. Do not rest
your evaluation of faith, therefore, on what you see in the be-
havior of individual humans or of organized religion. Rest it in-
stead on the timeless spiritual truths that faith presents.

Are you distressed by some specific philosophical problem
with faith, such as why a loving God would allow suffering?
Recognize that a great deal of suffering is brought upon us by
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our own actions or those of others, and that in a world whae
humans practice free will, it isinevitable. Understand, aso, thet
if God is real, His purposes will often not be the same as ous
Hard though it is to accept, a complete absence of affaing
may not be in the best interest of our spiritual growth.

Are you simply uncomfortable accepting the idea that the
tools of science are insufficient for answering any important
question? This is particularly a problem for scientists, who hae
committed their lives to the experimental assessment of redity.
From that perspective, admitting the inability of science to av
swer all questions can be a blow to our intellectual price—but
that blow needs to be recognized, internalized, and leamed
from.

Does this discussion of spirituality simply make you uncom-
fortable, because of a sense that recognizing the posshbility of
God might place new requirements on your own life plans ad
actions? | recognize this reaction clearly from my own peiod of
"willful blindness," and yet | can tegtify that coming to a knou-
edge of God's love and grace is empowering, not condraining.
God is in the business of release, not incarceration.

And findly, have you simply not taken the time to sioudy
consider the spiritual worldview? In our modern world, to
many of us are rushing from experience to experience, tryingto
deny our own mortality, and putting off any serious conddera:
tion of God until some future moment when we imagine te
circumstances will be right.

Life is short. The death rate will be one per person fa the
foreseeable future. Opening one's saf to the life of the Fairit an
be indescribably enriching. Don't put off a condderation of
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these questions of eternal significance until some personal cri-
sis or advancing age forces a recognition of spiritual impover-
ishment.

A FINAL WORD

Seekers, there are answers to these questions. There isjoy and
peace to be found in the harmony of God's creation. In the up-
stairs hall of my home hangs a beautifully decorated pair of
scripture verses, illuminated in many colors by the hand of my
daughter. 1 come back to those verses many times when | am
struggling for answers, and they never fal to remind me of the
nature of true wisdom: "But if any of you lacks wisdom, let him
ask of God, who gives to adl men generously and without re-
proach, and it will be given him" (James 15). "The wisdom
from above is first pure, then peaceable, gentle, reasonable,
full of mercy and good fruits, unwavering, without hypocrisy"
(James 3:17).

My prayer for our hurting world is that we would together,
with love, understanding, and compassion, seek and find that
kind of wisdom.

It is time to call atruce in the escalating war between sci-
ence and spirit. The war was never really necessary. Like so
many earthly wars, this one has been initiated and intensified
by extremists on both sides, sounding alarms that predict immi-
nent ruin unless the other side is vanquished. Science is not
threatened by God; it is enhanced. God is most certainly not
threatened by science; He made it al possible. So let us to-
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gether seek to reclaim the solid ground of an intellectually and
spiritually satisfying synthesis of all great truths. That ancient
motherland of reason and worship was never in danger of
crumbling. It never will be. It beckons al sincere seekers of
truth to come and take up residence there. Answer that cdl.
Abandon the battlements. Our hopes, joys, and the future of our
world depend on it.
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APPENDIX

The Moral Practice of Science and
Medicine: Bioethics

ANY MEMBERS OF THE GENERAL PUBLIC are eXCited
M about the potential of advances in biomedical re-

search to prevent or cure terrible diseases, but are
also anxious about whether these new technologies are lead-
ing us into dangerous territory. The discipline that considers
the morality of applications of biotechnology and medicine to
humanity is called bioethics. In this Appendix, we will consider
a sample of some of the bioethical dilemmas that are inspiring
significant debate today—though this is by no means an ex-
haustive list. 1 will focus particularly on advances that are aris-
ing from the rapid progress in understanding the human
genome.
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MEDICAL GENETICS

Some years ago, ayoung woman came to the oncology dinic at
the University of Michigan on a desperate mission. It was the
day that | realized areal revolution in genetic medicine was be-
ginning. She and | were brought together by atangled set of dr-
cumstances involving a close-knit family, a terrible disease, ad
the leading edge of research on the human genome.!

Susan (not her real name) and her family lived under a
cloud. First her mother had been diagnosed with breast cancer,
then her aunt, then two of her aunt's children, and then Susan's
oldest sister. Deeply alarmed, Susan was careful to examine
herself and obtain regular mammograms, while watching her
sister ultimately lose her battle. One of Susan's cousins dected
to undergo a prophylactic double mastectomy, in hopes of
avoiding the same fate. Then Susan's remaining sister, Jad,
found a lump, and it too proved to be cancer.

Meanwhile, my physician colleague Barbara Weber ad |
had initiated a project in Michigan to try to identify hereditary
factors in breast cancer. Susan's family enrolled in the sudy,
and were known to me only as "Family 15." But by one of thoe
strange coincidences, when Janet came for counseling about
her new diagnosis of breast cancer, it was Dr. Weber who saw
her in the clinic, heard about the family history, and redized the
connection.

Susan's desperate mission a few months later was to s
whether Dr. Weber and | had any further information fram the
research study that would dissuade her from proceeding with a
double mastectomy. No longer able to be optimistic, she el
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scheduled this drastic procedure to take place in three days.
The timing of her visit was exquisite. Work done in our labora-
tory over the preceding weeks had demonstrated that there was
an extremely high likelihood that members of Susan's family
were in fact carrying a dangerous mutation in a gene (now
known as BRCAI) on chromosome 17. We had started the study
with little expectation that such important clinical applications
could occur so quickly. Now, however, faced with an urgent sit-
uation, Dr. Weber and 1 agreed it would be unethical to with-
hold information at atime where it had such obvious relevance.

Going back to the lab and poring over the data made it im-
mediately clear that Susan did not inherit the dangerous muta-
tion that her mother and her two sisters carried, and therefore
her risk of breast cancer was no higher than the average
woman's. On that day, Susan became the first person on earth
to receive information about her BRCAI status. Her reaction
was a mix of elation and disbelief. She canceled the surgery.

Word spread through her family like wildfire, and the phone
began ringing off the hook. Within a few weeks, Dr. Weber and
I found ourselves counseling her large extended family, al of
whom wished to know their status.

There were many additional dramatic moments. The cousin
who had had the double mastectomy years before turned out
not to carry the dangerous mutation after al. Initidly stunned
when told of this result, she ultimately came to peace with it,
concluding that she had made the best choice she could at the
time that she had decided to have the surgery.

Perhaps most dramatic were the consequences for another
branch of the family who had previously thought that they were
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a no increased risk for breast cancer, since they were rdaed
through their father to the affected women. The idea that a s
ceptibility gene for breast cancer could be transmitted by ud-
fected males had not seemed plausible, but that's how the
BRCAL gene works. In fact, it turned out that their father camed
the mutation and had passed this on to five of his ten children.
One of them, aged thirty-nine, was stunned by the news thet
she might be at risk. She wanted to know her DNA result; it wes
positive. She immediately asked for a mammogram to be pa-
formed, and that same day learned that she had breast cancer.
The good news was that the tumor was very small, and waud
probably not otherwise have been diagnosed for another two or
three years, at which point the prognosis might not have bemn
nearly so encouraging.

All told, thirty-five members of this single family wae
found to be at risk. About half of them turned out to cary the
dangerous mutation, and half of those were women. Waren
who carry this gene are at risk for both breast and ovarian cax
cer. The medical and psychological consequences have ben
profound. Even Susan, who escaped "the curse," went through
a prolonged period of depression and a sense of dienation fiam
her family, experiencing what is known as "survivor quilt
named after those who lived through the Holocaust.

Susan's family was admittedly unusual. Most breast canox
has hereditary contributions, but not nearly as strong asin he
family. But there are no perfect specimens among us. The uni-
versal presence of mutations in DNA, the price we pay far e
lution, means that no one can clam bodily perfection any noe
than spiritual perfection.
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The time is coming soon when the genetic glitches that
place each of us at risk for some future illness will be discov-
ered, and we may each have an opportunity, as Susan's family
did, to find out what's hiding within our own DNA instruction
book. As we begin to look at the consequences of these rapid
advances in understanding human biology, ethical questions
arise, and well they should. Knowledge itself has no intrinsic
moral value; it is the way in which that knowledge is put to use
that acquires an ethical dimension. This principle should be fa
miliar from many nonmedical applications in daily experience.
For example, certain mixtures of chemicals can generate a col-
orful fireworks display that will brighten our skies and lift our
spirits at a time of celebration. The same mixture can be used,
however, to fire a projectile, or make a bomb that kills dozens
of innocent civilians.

There are compelling reasons to celebrate the outpouring
of scientific advances that arise from the Human Genome Proj-
ect. After al, in virtualy every culture throughout history, the
aleviation of suffering from medical illness has been consid-
ered a good thing, perhaps even an ethical mandate. Thus,
while some might argue that science is moving too quickly, and
that we should declare a moratorium on certain applications
until we have time to study them ethicaly, | find those argu-
ments difficult to convey to parents who are desperate to help
an ailing child. Would not intentional restrictions on the
progress of life-saving science, smply to alow ethics to "catch
up,” be themselves unethical ?
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PERSONALIZED MEDICINE

What can one expect in the coming years from the current rev-
olution in genomics? Firg of al, the understanding of that tiny
fraction (0.1 percent) of the human DNA that differs from pea-
son to person has moved ahead rapidly, and is likely in the next
few years to reveal the most common genetic glitches that
place individuals at risk for cancer, diabetes, heart disese,
Alzheimer's disease, and many other conditions. It will dlow
each of us, if we're interested, to obtain a personal resdout
documenting our future risks of illness. Few of those reports
will be as dramatic as in Susan's family, however, because fav
of us will have genetic glitches with such strong effects. Waud
you want to know? Many people would say yes, if interventions
are available to reduce their risks, and in some instances, thet
is already possible. A person found to be at high genetic risk far
colon cancer, for instance, can begin colonoscopy a an ealy
age, and repeat it fathfully once a year in order to detect the
small polyps a a time when they can be readily removed, pre
venting an ultimate transformation into a deadly cancer. Ind-
viduals found to be at higher than average risk for diabetes cn
watch their diet carefully and avoid gaining weight. Indviduds
a high risk for blood clots in the legs can avoid birth conrd
pills and prolonged periods of immobilization.

In another powerful application of personalized medicing, it
is increasingly clear that an individua's response to dugs is
heavily influenced by heredity. It may be possible in many in
stances to predict who should be given which drug, and at whet
dose, by firg testing a DNA sample from that person. Ths
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"pharmacogenomics’ approach, applied widdly, should result in
increasingly effective drug therapy, and fewer occurrences of
dangerous or even fatal side effects.

ETHICAL PROBLEMS POSED BY DNA TESTING

The advances described above are al potentially valuable. Yet
many ethical dilemmas have also been encountered. In Susan's
family, a strong disagreement arose about whether it was ap-
propriate to test children for the presence of a BRCA1 mutation.
Since no medical intervention was available for children, and
since the psychological impact of positive testing could be sub-
stantial, Dr. Weber and |, supported by a majority of ethical ex-
perts we consulted, concluded that such testing should be
delayed until the individual reached the age of eighteen. In at
least one instance, a father who carried the BRCA1 mutation
became quite angry that his daughters could not be tested right
then. He argued that his parental authority ought to trump our
decision.

A larger ethical debate has arisen over whether or not it is
ever appropriate for third parties to have access to or to use ge-
netic information about individuals. Susan and many of her rel-
atives were feaful that if they tested positive, information
might fdl into the hands of their health insurance companies,
or their employers, and they might find themselves without
medical coverage or ajob.

Extensive ethical analysis of this situation has led to the
conclusion that such discriminatory use of genetic information
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would be a violation of principles of justice and fairness, snce
flaws in DNA are essentially universal, and no one gets to pick
his own DNA sequence. On the other hand, if insurance cus
tomers know their own risks, but insurers do not, then thereis
arisk that the customers will game the system. That could be a
significant issue for large life insurance policies. It does not go-
pear to play much of arole at dl in health insurance.

The weight of evidence suggests, therefore, that legidaive
protection ought to be provided against genetic discrimingtion
in health insurance and the workplace. At this writing, how-
ever, we dill await the implementation of effective legidation at
the federa level in the United States. Failure to provide legd
protection could have a profoundly negative effect on the fuure
of individualized preventive medicine, since individuals may be
frightened to obtain genetic information that otherwise coud
be quite useful to them.

Another magjor ethical question that arises in these dsus
sions, and rightfully so, is the issue of access to care. Thisis
particularly vexing in the United States, where at this witing
more than 40 million of its citizens lack health insurance cove-
age. Of al the developed nations in the world, we in the United
States seem most able to turn our heads and look away flam
this failure of moral responsibility. One of the tragic cons
guences is relegating the impoverished to highly ineffident ad
inconsistent emergency room care. This does nothing far pre
vention, focusing mainly on the medical disasters when they in
evitably occur.

The access dilemma will become ever more acute as a*
vances in research, particularly inspired by what we are leam-
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ing about the genome, lead to new and much more effective
means of prevention for cancer, heart disease, mental illness,
and many other conditions.

BIOETHICS RESTS ON THE FOUNDATION OF THE MORAL LAW

Before delving further into ethical dilemmas, it behooves us to
consider the foundations upon which our judgments of ethical
behavior are based. Many bioethical issues are complicated.
Those debating the morality of a given decision may come from
vadtly different cultural backgrounds and religious traditions. In a
secular and pluralistic society, is it redistic that any group could
agree on the right course of action in difficult circumstances?

Actudly, | have found that once the facts of the matter are
clear, in most instances people with widely different world-
views can come to a comfortable and shared conclusion. While
that may at first seem surprising, | believe that it is a compelling
example of the universality of the Moral Law. We dl have an in-
nate knowledge of right and wrong; although that can be ob-
scured by distractions and misunderstandings, it can also be
discovered through careful contemplation. T. L. Beauchamp and
J. F. Childress’ argue that four ethical principles undergird much
of bioethics, and are common to virtually al cultures and soci-
eties. Theseinclude

1. Respect"forautonomy—the principlethat arationa in-
dividual should be given freedom in personal deci-
sion making, without undue outside coercion
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2. Justice—the requirement for fair, moral, and impartia
treatment of dl persons

3. Beneficence—the mandate to treat othersin their best
interest

4. Nonmalejicence—"First do no harm" (asin the Hippo-
cratic Oath)

WHAT ROLE SHOULD FAITH RLAY IN BIOETHICAL DEBATES?

A religious person will see these as principles clearly laid out in
sacred texts of the Judaeo-Christian, Ilamic, Buddhist, ad
other religious traditions. In fact, some of the most doquent
and powerful statements of these principles are to be found in
such sacred texts. But one need not be a theist to agree to these
principles. Even a person untrained in musical theory can be
transported by a Mozart concerto. The Mora Law speaks to dl
of us, whether or not we agree on its origins.

Basic principles of ethics can be derived from the Mad
Law, and are universal. But conflicts can arise in a Stuaion
where not al of the principles can be satisfied at the sare
time, and different observers attach different weights to the
principles that must be somehow balanced. In many instances,
society has reached a consensus on how to handle this; in
other instances, such as the one we are about to consider next,
reasonable people will disagree about the ethical bdance
sheet.
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STEM CELLS AND CLONING

| il recall the Sunday afternoon several years ago when are-
porter called me at home to seek my opinion about a paper
about to be published in a prominent journal, reporting the
cloning of Dally the sheep. This was an astounding and un-
precedented development, as virtualy al scientists (including
me) thought that it would be impossible to clone amammal. Al-
though the entire DNA instruction book of an organism is car-
ried in each cdl of the body, it was assumed that irreversible
changes in that DNA would make it impossible for an accurate
and complete instruction book to be reprogrammed in this way.

We were wrong. Indeed, over the course of the last decade,
discovery after discovery is revealing the remarkable and com-
pletely unanticipated plasticity of mammalian cell types. That in
turn has led to the current controversy about the potential ben-
efits and risks of this kind of research, characterized by intense
public disagreements that show no sign of lessening.

The debates about human stem cells, in particular, have
been so heated, and the jargon has been so impenetrable, that
a bit of background is necessary. A stem cdll is one that carries
within it the potential to develop into several different types of
cells. In the bone marrow, for instance, a stem cell can give rise
to red blood cells, white blood cells, bone cells, and even, given
the right environment, heart muscle cells. This type of stem cell
is commonly referred to as an "adult stem cell,” to distinguish it
from one derived from an embryo.

The human embryo, formed by union of sperm and egg, be-
gins as a single cdll. This cell is phenomenally flexible, pos-
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sessed of potential to turn into aliver cell, abrain cell, a muscle
cell, and every other kind of complex tissue that makes up the
100 trillion cells of the adult human being. The weight of cur-
rent evidence is that the potential of an embryonic stem cdl far
sustained replication and the ability to become virtualy any cdl
type exceeds that of an adult stem cell. By definition, however,
a human embryonic stem cell can be derived only from an early
embryo—not necessarily at the single-cell stage, but while the
embryo is gill only a small compact ball of cells smaller than
the dot on this letter i.

But Dally was derived neither from an embryonic stem cdl
nor an adult stem cell. The truly dramatic and unexpected as-
pect of Dally's creation is that she came about by a mehod
wholly unprecedented in mammals, one that does not occur in
nature. As shown in Figure A. 1, this process, technically known
as somatic cell nuclear transfer (SCNT), began with a single cdl
derived from the udder of a mature sheep (the donor). The nu-
cleus of that cell, carrying the complete DNA of that donor
sheep, was then removed and inserted into the rich erviron
ment of proteins and signaling molecules found in the gyto-
plasm of an egg cell.

That egg cell had previously had its nucleus completely re
moved, so it could not provide the needed genetic indructions,
only the environment for those instructions to be recognized
and carried out. Placed into that primordia embrace, the DNA
from the udder cell effectively went back through time, easng
al of the specific changes its DNA packaging had experienced
on the way to becoming a very specialized cdl involved in mik
production. The udder cell nucleus reverted back to its primitive
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PATIENT CELL
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Figure A. 1 The process of somatic cdl nuclear transfer (SCNT).

undifferentiated state. Implanting that cell back into the womb
of a sheep then gave rise to Ddlly, whose nuclear DNA was
identical to that of the original donor sheep.

The scientific and medica research world was electrified by
the utterly unexpected flexibility of the genome instruction
book. Building on that revelation, scientists now see the study
of stem cells as a real opportunity to learn how a single cell can
become a liver cell, a kidney cdll, or a brain cell. Of course,
many of these basic questions are being answered by studying
stem cells from animals, where the ethical concerns are much
more limited. The real excitement about medical benefits from
stem cel research, however, is the potential, albeit sill un-
proven, to use this approach to develop new therapies. Many
chronic diseases arise because a certain cel type dies prema-
turely. If your daughter has juvenile onset (type I) diabetes, it is
because the cells in her pancreas that normally secrete insulin
have undergone an immune attack by the body and have died
off. If your father has Parkinson's disease, it is because neurons
in a particular part of his brain, the substantia nigra, have died
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prematurely, resulting in a disruption of the normal circuits thet
control motor function. If your cousin is on the transplant lig
for a liver, or a kidney, or a heart, it is because those organs
have sustained severe enough damage that they cannot repar
themselves.

If a means could be found by which we could regenerate
these damaged tissues or organs, then many currently progres-
sive and fatal chronic illnesses could be effectively treeted, or
even cured. For that reason, "regenerative medicine" is a topic
of enormous interest in medical research. At the present time
the study of stem cells seems to offer the greatest promise to
realize this dream.

A furious social, ethical, and political debate has aisn,
however, surrounding the study of human stem cels. The in-
tensity of emotion, the passion of the various perspectives, ad
the clash of views are almost unprecedented, and often the -
entific details have been lost in the storm.

Firg of al, few would argue that the therapeutic use of
adult stem cells presents any major new ethical dilemmas. Suah
cells can be derived from the tissues of an individua who is d-
ready living. The desired scenario would then be to convince
that cell to morph into the type of cell needed to treat thet pa-
son's illness. If we knew how, for instance, to convert a fav
bone marrow stem cells into a very large number of liver cdls
then a liver "autotransplant” might be accomplished sngy by
utilizing a patient's own marrow.

While there have been some encouraging steps in that d-
rection, and a very significant investment is being mede in
pursuing adult stem cell research, a the present time we lak
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confirmatory evidence that the repertory of adult stem cells
that humans possess will be sufficient to meet many of the
needs of people with chronic illnesses. Human embryonic
stem cells, or alternatively the use of somatic cell nuclear
transfer, are therefore being seriously explored as potential al-
ternatives.

Stem cells derived from a human embryo should have the
ultimate potential to form any type of tissue (after all, they do
so naturally in the course of events). But here is where pro-
found ethical questions are being raised, and rightly so. An em-
bryo formed by the union of a human sperm and egg is a
potential human life. Deriving stem cells from an embryo gen-
erally results in the destruction of the embryo (though a few
methods have been proposed that might still allow its survival).
If one believes unequivocally that life begins at conception, and
that human life is sacred from that very moment onward, then
this would be an unacceptable form of research or medical
care.

Reasonable people will disagree, often passionately, about
the appropriateness of such research. Where one comes down
on the spectrum of acceptable versus unacceptable is strongly
influenced by one's answers to the following questions.

Does human life begin at conception?

Scientists, philosophers, and theologians have debated for
centuries the point at which life actually begins. Deriving
more information about the actual anatomical and molecular
steps involved in the early development of the human embryo
has not really helped with those debates, as thisis not redly a

249



TheLanguage of God

scientific question. For centuries, different definitions of the
beginning of life have been offered by different cultures ad
faith traditions, and even today different faiths use different
milestones to mark the entrance of the soul into the humen
fetus.

From a biologist's perspective, the steps that folow the
union of sperm and egg occur in a highly predictable orde,
leading to increasing complexity, and with no sharp bound
aries between phases. There is therefore no convenient bidog-
ica dividing line between a human being and an embryonic
form that might be called "not quite there yet." Some have a-
gued that truly human existence cannot exist without a na-
vous system, so the fetal development of the "primitive dresk”
(the earliest anatomic precursor of the spinal cord, which gar+
erally appears at about day fifteen) could potentially be usd as
such a marker. Others argue that the potentiality of the emiryo
to develop a nervous system exists from the moment of con
ception, and it is not relevant whether or not that potentidity
has actually been redlized in the formation of any paticua
anatomic structure.

Interesting light has been shed on this issue from the eds
tence of identical twins, who develop from a single fetilizad
egg. Vey early in development (presumably at the wwoaD
stage), the embryo comes apart, resulting in two diginct an
bryos with identical DNA sequences. No theologian wald
argue that identical twins lack souls, or that they share a drge
soul. In these cases, therefore, the insistence that the aritud
nature of a person is uniquely defined at the very momat of
conception encounters a difficulty.
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Arethereany circumstancesunder which it would bejustifiableto derive
stemcellsfromhuman embryos?

Those who fed strongly that human life begins at conception,

and that from that very moment the embryo deserves the full
moral status of an adult human being, will generally answer no

to this question. Their stance would be ethically consistent.
However, it must be pointed out that many such individuals
have chosen to look the other way, or at least adopt a position

of mora relativism, in another circumstance where human em-
bryos are being destroyed.

That is the process of in vitro fertilization (IVF), now widely
available for infertile couples, and widely embraced as a solu-
tion to a terrible heartache. In this procedure, eggs are har-
vested from the mother after a hormonal treatment that results
in many eggs being released at once. The eggs are fertilized in
a petri dish with the prospective father's sperm. Embryos are
observed for three to six days to assess whether they are devel-
oping normally, and then a small number (usualy one or two)
are implanted into the mother, in hopes of achieving a preg-
nancy.

In most instances, there are more embryos available than
can safely be implanted. The spare embryos are often frozen.
In the United States alone there are hundreds of thousands of
such frozen embryos currently stored in freezers, and that
number continues to grow. While actual adoption of these em-
bryos by other couples has resulted in a small number of them
giving rise to pregnancies, there is no question that the vast
majority of these embryos will ultimately be discarded. A strict
stance in opposition to the destruction of human embryos
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under any circumstance would appear, therefore, to require
opposition to in vitro fertilization. A demand that dl emrycs
generated by IVF be implanted has also been proposed, bu
that would increase the risk of fetal death from multiple prag
nancy. There is really no easy way around this dilemma at the
present time.

Many observers who are otherwise opposed to human en
bryo research have argued, however, that despite the likdy uti-
mate destruction of excess embryos after IVF, the dedre of a
couple to have a child is such a strong moral good that it jusi-
fiesthe procedure. That may well be a defensible pogtion, ut if
so, it challenges the principle that the inevitable degtruction of
human embryos should be avoided at al costs, no matter whet
the potential benefits.

This circumstance raises the question being asked by may:
if procedures could be set up to ensure that no in vitro fatiliza
tion procedure was ever undertaken with the explicit intent of
generating embryos for research, and if medical research wae
then restricted only to those embryos that were left over dig
IVF and clearly destined for destruction, would that be a mad
violation?

SOMATIC CELL NUCLEAR TRANSFER IS FUNDAMENTALLY DIFFERENT

The good news is that these furious debates about dem cdls
cultivated from human embryos may ultimately turn out to be
unnecessary, as another, less ethically chdlenging pethway
may provide even more powerful medical breakthroughs. 1 rder
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to the same process of somatic cell nuclear transfer (SCNT) that
resulted in Dolly the sheep.

It isintensely regrettable that the product of SCNT has been
equated both in terminology and in moral argument with the
generation of stem cells from a human embryo derived from
the union of sperm and egg. This equivaency, arrived at very
early in the public debate and now adhered to almost savishly
by most participants, ignores the profound difference between
the way in which these two entities are generated. The SCNT
procedure has potentially a much greater likelihood of provid-
ing medical benefit, and so it is particularly important that we
try to untangle the confusion that has surrounded this process.

As described above and shown in Figure A.l, SCNT in-
volves no sperm-and-egg fusion. Instead, the DNA instruction
book is derived from a single cell from the skin or some other
tissue of a living animal. (For Ddlly, it happened to be the udder,
but it could be almost anything.) Virtualy everyone would
agree that an initial donor skin cel has no particular moral
value; after al, we shed millions of them every day. Similarly,
the enucleated egg cell, having lost dl of its own DNA, has no
potential of ever becoming a living organism, and therefore
also does not seem deserving of moral status. Putting these two
entities together creates a cell that does not occur naturally but
has great ultimate potential. But should we call it a human
being?

If one argues that the sheer fact of its ultimate potentiality
deserves that claim, then why would not that same argument
apply to the skin cell before it had been manipulated? It had po-
tential too.
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Over the course of the next few years it is likely that scien
tists will discover the signals that are contained within the eyg
cell cytoplasm that allow the skin cdl nucleus to erase its his
tory and recover its remarkable potential to turn into many df-
ferent types of tissues. Thus, it is likely that within a few years
this process will no longer require the egg at al, but will be
achieved by dropping any type of cell from an individua donor
into an appropriate cocktail of signaling molecules. At wha
point, along that long series of steps, should the moral status of
a human being be assigned? Wouldn't the result of this proce-
dure resemble an adult stem cell more than an embryonic gem
cel?

The fuss about SCNT derives from the fact that this bizarre
fusion of udder cell and enucleated egg cdl ultimately resulted
in Dally. That happened only because the product of SCNT was
intentionally placed back into a sheep uterus, hardly something
that could happen by accident. Similar steps have now ben
taken for many other mammals, including cows, horses, cas,
and dogs. This so-called reproductive cloning may have even
been attempted in humans by a couple of fringe research
groups, one of which (the Raglians) is led by an individual who
wears silver jumpsuits and claims to have been abducted by
aliens (not exactly credentials for a scientist). Scientists, ehi-
cists, theologians, and lawmakers are essentially unanimous
that reproductive cloning of a human being should not be u+
dertaken under any circumstances. While a major reason fa
this stance is based on strong moral and theological objections
to making human copies in this unnatural way, other magor do
jections are based upon safety considerations, since reproduc-
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tive cloning of every other mammal has been shown to be an
incredibly inefficient and disaster-prone effort, with most clones
resulting in miscarriage or early infant death. The few clones
that have survived beyond birth have been almost uniformly
abnormal in some way, including Dolly herself (she suffered
from arthritis and obesity).

Given those conclusions, it would be entirely appropriate to
demand that the product of human somatic cell nuclear transfer
never be reimplanted into the womb of a host mother. Virtualy
everyone can agree about that. The battle revolves around
whether human SCNT should be undertaken under any other
circumstances, when there is no intent whatsoever to produce
an intact human being. The stakes are potentially very high. If
you are dying of Parkinson's disease, it is not stem cells from
some other donor that you need, it is your own. After all, over
many decades we have learned through the science of organ
transplantation that putting cells from another individual into a
recipient predictably creates a destructive reection response,
which can usually be minimized only by careful tissue matching
between donor and recipient, and the posttransplant use of
powerful immunosuppressive drugs, with al of the complica-
tions these entail. Many of the scenarios that advocate the use
of anonymous embryonic stem cells from unrelated donors to
treat various diseases fly in the face of this long experience.

It would be far better, therefore, if stem cells were geneti-
caly identical to their recipient. This is, of course, exactly the
outcome that would occur after SCNT. (This is also referred to
as "therapeutic cloning,” although that term carries enough
rhetorical baggage to render it now almost useless.) It is hard
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for an objective observer to argue that this will not be, in the
long run, a promising pathway toward treatment for a long lig
of debilitating and ultimately fatal diseases. It behooves us to
look very carefully, therefore, at the moral objections to such a
potentially beneficial process and assess whether they deserve
the weight they are being given in some quarters.

| would argue that the immediate product of a skin cdl ad
an enucleated egg cell fdl short of the moral status of the union
of sperm and egg. The former is a creation in the laboratory that
does not occur in nature, and is not part of God's plan to create
a human individual. The latter is very much God's plan, caried
out through the millennia by our own species and many others.

Like virtually everyone else, | am strongly opposed to the
idea of human reproductive cloning. Implanting the product of
human SCNT into a uterus is profoundly immoral and ought to
be opposed on the strongest possible grounds. On the other
hand, protocols are aready being developed to convince a S+
gle cdl that has been derived from SCNT to be converted into a
cell that senses glucose levels and secretes insulin, without
going through any of the other steps of embryonic and fetd de-
velopment. If such steps can result in tissue-matched cels thet
cure juvenile diabetes, why would that not be a morally acoept-
able procedure?

There is no question that the science in this field will con
tinue to move rapidly. While the ultimate medical benefits of
stem cell research remain undefined, there is great potentid in
them. Opposing al research of this kind means the ehicd
mandate to alleviate suffering has been trumped absolutely by
other perceived moral obligations. For some believers, that mey
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be a defensible stance, but it should be arrived at only after a
complete consideration of the facts. Anyone who portrays this
issue as a simple battle between belief and atheism does a dis-
service to the complexity of the issues.

BEYOND MEDICINE

My morning newspaper recently included an analysis of various
challenges facing the president of the United States. This partic-
ular story, coming at a time when things weren't going very
well for the commander in chief, included a quote from some-
one identified as a political consultant and friend: "I've never
seen the president burdened by the presidency. He's built to
deal with redlly big events. It'sin his DNA."

While the president's friend may have intended his com-
ment as a contemporary witticism, it's entirely possible that he
meant it.

What is the real evidence for heritability of human behaviors
and personality traits? And will the genomics revolution lead us
into new ethical questions because of it? How does one redly
assess the roles of heredity and environment in such complex
human characteristics? Many erudite treati ses have been written
on this subject. But long before Darwin, Mendel, Watson, Crick,
and al the rest, observant humans had already figured out that
nature has provided us with a wonderful opportunity to assess
the role of inheritance in many different aspects of human exis-
tence. That opportunity is provided by identical twins.

If you have encountered a pair of identical twins, you will
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Personality Trait Heritability Estimate
Genera cognitive ability 50%
Extroversion 54%
Agreeableness 42%
Conscientiousness 4%
Neuroticism 48%
Openness 57%
Aggression 3B%
Traditionalism 54%

Table Al Estimates of the Percentage of Various Human Persondity
Traits that can be Ascribed to Heredity, from T. J Bouchad ad
M. McGue, "Genetic and Environmental Influences on Human og
ica Differences" / Neurobiol. 54 (2003):4%5. Each of the trats liged
here has a gtrict definition in the science of personality anaysis.

agree that they share remarkable physical resemblance, aswel
as other traits such as pitch of voice and even certain manne-
isms. However, if you get to know them well, you will find thet
they have distinct personalities. Scientists have studied idanti-
cal twins for centuries in order to assess the contnbutions of |
nature and nurture to a wide variety of human characteristics.
An even more unbiased careful analysis can be done on
identical twins who were adopted to different homes at hirth,
and therefore had totally different childhood environments.
Such twin studies allow an estimate of the heritability of ay
particular trait without in any way determining its actual mdec
ular basis. Table A.1 shows some examples of the estimates of
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the proportion of a particular trait contributed by heredity,
based on twin studies. For various methodological reasons,
however, these should not be taken as precise.

These studies lead to the conclusion that heredity is impor-
tant in many of these personality traits. That will not surprise
any of us who live within families. We should therefore not be
too shaken up by the fact that certain molecular details about
the mechanism of heritability are beginning to be unearthed
through the study of the genome. But we are.

It is one thing to say you have your grandmother's eyes or
your grandfather's temper. It is another to say that those things
came about because you have a certain T or C in a particular
place in your genome, which you may or may not have passed
on to your children. Though genetic research on human behav-
ior holds the exciting promise of improved interventions in psy-
chiatric illness, this research is also somehow upsetting, as it
seems to tread dangerously close to threatening our free will,
our individuality, and maybe even our spirituality.

We need to get used to this, however. The molecular defini-
tion of certain human behaviors is already happening. Severa
groups have published papers in the scientific literature indicat-
ing that common variants in a receptor for the neurotransmitter
dopamine are associated with an individual's score on the
"novelty seeking" trait in a standardized personality test. This
receptor variant, however, contributes only a very small propor-
tion of the variability in this particular trait. While the result
may be statistically interesting, it is essentially irrelevant for the
individual.

Other groups have identified a variant in a transporter for
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another neurotransmitter, serotonin, that is associated with
anxiety. That same transporter variant has also been reported
to correlate statistically with whether or not an individua eqe
riences significant depression after a mgjor life stress evert. If
correct, this would be an example of a gene-environment inta-
action.

An area of particularly strong public interest is the gandic
basis of homosexuality. Evidence from twin studies does in fat
support the conclusion that heritable factors play a role in mde
homosexuality. However, the likelihood that the identicd twin
of a homosexual male will also be gay is about 20 paoat
(compared with 2-4 percent of males in the general popua
tion), indicating that sexual orientation is genetically influenoad
but not hardwired by DNA, and that whatever genes ae in
volved represent predispositions, not predeterminations.

Of the many aspects of human individudity that are mod
likely to cause controversy, none could be more explogve then
intelligence. While disagreement about how to define intdli-
gence and how to measure it remain a hot topic in sodd -
ence, and while the various available 1Q tests clearly mesarea
bit of learning and culture, not just general cognitive aality,
there is clearly a strong heritable component in this humen &
tribute (Table A.l). At this writing, no specific DNA variant hes
yet been shown to play a role in 1Q. It is likdy, however, thet
there will eventually be dozens of such variants, once ar
methods are good enough to discover them. As with ather as-
pects of human behavior, no single variant is likdy to mee
more than a tiny contribution (perhaps one to two 1Q paints).

Could criminality even be influenced by inherited susogti-
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bilities? In a way that is both obvious to everyone but not usu-
aly considered in quite this context, we already know this to be
true. Haf of our population carries a specific genetic variant
that makes them sixteen times more likely to end up in jail than
the other hdf. | am, of course, referring to the Y chromosome
carried by males. The knowledge of that association, however,
has not undermined our social fabric, nor has it been used suc-
cessfully as a crimina defense by guilty males.

But putting that obvious point aside, it is indeed possible
that other modest contributions to antisocial behavior will be
identified in the genome. A particularly interesting example has
already appeared, beginning with the observation of a single
family in the Netherlands where the incidence of antisocial and
crimina behavior among many of the males in the family stood
out dramatically, and was consistent with the pattern of inheri-
tance one might see for a gene on the X chromosome.

Careful study of this Dutch family revealed that there was
an inactivating mutation in the gene for monoamine oxidase A
(MAOA) on the X chromosome, and dl of the males who had
exhibited antisocial behavior carried the mutation. This could
smply be a rare event with no broader significance, but it turns
out that the normal MAOA gene has two different versions, a
high expresser and a low expresser. While there is no overall
evidence that low-expresser males have a higher frequency of
interactions with the law, a careful study in Austraia that
looked at boys who were abused as children concluded that
those who carried the low-expresser MAOA had a substantially
higher frequency of antisocial and crimina behavior as adults.
Here again may be an example of gene-environment interac-
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tion: the genetic susceptibility conferred by MAOA becomes ap-
parent only when the environmental experience of child abuse
is added to the picture. But even in this situation, the findings
were significant only on a statistical basis. There were plenty of
individual exceptions to the rule.

A few years ago, | saw an article in a religious periodica
asking the question whether individual spirituality might even
be genetic. | smiled, thinking that now | had heard the ultimate
in genetic determinism. But perhaps | was too hasty; it is nat
impossible to imagine that certain personality types, themseves
based upon weakly inherited factors, may be more prone to ac-
cept the possibility of God than others. A recent twin study sug-
gested just that, though as usual one must add the caveat thet
the observed effect of heredity was quite weak.

The question of the genetics of spiritudity has recaly
achieved wide attention with the publication of a book cdled The
God Gene," by the same researcher who has also published find-
ings on novelty seeking, anxiety, and male homosexudity. The
book grabbed headlines, and even the cover of Time magazine,
but a careful reading indicated that the title was wildly oversated.

The researcher utilized personality testing to deduce thet a
trait called "self-transcendence” showed heritability in families
and twins. This characteristic was associated with an indvid-
ual's ability to accept things that cannot be directly proven or
measured. The demonstration that such a personality parame-
ter might have heritable characteristics is, in itsdf, not surpris
ing, since most personality traits do seem to have arh
properties. But the investigator went on to claim that a variant
in aparticular gene, VMAT2, was associated with a higher soore
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on the self-transcendence scale. As none of his data has been
peer reviewed or published in the scientific literature, most ex-
perts have greeted the book with considerable skepticism.

A reviewer in Scientific American quipped that the appropri-
ate title for the book should have been A Gene That Accounts for
Less Than One Percent of the Variance Found in Scores on Psy-
chological Questionnaires Designed to Measure a Factor Called
Salf Transcendence, Which Can Sgnify Everything from Belonging
to the Green Party to Believing in ESP, According to One Unpub-
lished, Unreplicated Sudy

To summarize this section: There is an inescapable compo-
nent of heritability to many human behavioral traits. For virtu-
dly none of them is heredity ever close to predictive.
Environment, particularly childhood experiences, and the
prominent role of individual free will choices have a profound
effect on us. Scientists will discover an increasing level of mo-
lecular detail about the inherited factors that undergird our per-
sonalities, but that should not lead us to overestimate their
quantitative contribution. Yes, we have al been dealt a particu-
lar set of cards, and the cards will eventually be revealed. But
how we play the hand is up to us.

ENHANCEMENT

The science fiction movie GATTACA depicts a future society in
which the genetic factors for susceptibility to disease and
human behavior traits have all been identified, and are used di-
agnostically to optimize the outcome of a mating. In this chill-
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ing future vision, society has abandoned al of its indvidud
freedoms and allowed individuals to be channeled into paticr
lar occupations and life experiences based upon the DNA they
carry. The movie's premise, that genetic determinism can beso
accurate that a society would tolerate this kind of drcumdance,
is undercut by the fact that its hero (born outside the gdam)
gtill manages to outperform al of the enhanced indviduds
who smoke, drink, and murder one another.

Does this sort of science fiction deserve any aedhbility?
Certainly the topic of future human enhancement is taken sai-
ously by many, including some prominent scientists. | st inthe
audience in 2000 at a "Millennium Evening" at the White Housg
attended by the president, when no less a scientific eminence
than Stephen Hawking advocated that it was time for humenty
to take charge of evolution, and to plan a program of g/dem
atic self-improvement of the species. While in a catan wey
one can understand Hawking's motivation, &flicted as he is
with a debilitating neurological disease, | found his proposd
chilling. Who decides what is an "improvement"? How dss
trous might it be to reengineer our species, only to dsoover we
had lost something critical (like resistance to an emagng ds
ease) along the way? And how would such wholesale redesgn
affect our relationship with our Creator?

The good news is that such scenarios are a vary log wey
off, if indeed they are ever to become possible. Bu there ae
other aspects of human enhancement that are doser a had,
and more appropriate for consideration here.

Fird, let's admit that enhancement is not an essy conogt
to define precisely. Nor is there a bright line between treding
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illness and enhancing function. Consider obesity, for instance.
Morbid obesity is certainly associated with a host of serious
medical problems, and is an appropriate topic for medical re-
search and prevention and treatment. On the other hand, devel-
oping a means to allow persons of normal weight to achieve
ultraslender supermodel status could hardly be called a medical
triumph. Y& the body-weight spectrum between these two ex-
tremes is a continuous one, and there is no easy way to deter-
mine when you have crossed the line.

Before jumping to the conclusion that enhancement of our-
selves or our children is unacceptable and dangerous territory,
it is well to remember that in many instances we are already
doing it, and even insisting on it. We are considered irresponsi-
ble parents if we do not assure that our children obtain appro-
priate immunizations against infectious diseases. Make no
mistake: an immunization is most definitely an enhancement,
as it leads to the proliferation of certain clones of immune cells,
and even rearrangements of DNA.

Similarly, fluoridated water, music lessons, and orthodon-
tics are generally considered desirable enhancements. Regular
exercise, an enhancement of our physical status, is a laudable
activity. And while coloring one's hair or taking advantage of
cosmetic surgery may be considered vain, most would not call
such actions immoral.

On the other hand, certain currently available enhance-
ments are considered to have questionable moral status,
though part of the judgment depends on the context. The use of
injectable growth hormone is acceptable for kids with a pitu-
itary deficiency, but most would view it as inappropriate for
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parents who simply wish to increase the natural height of their
children. Smilarly, while the use of the blood-enhancing hor-
mone erythropoietin has been a godsend for individuals with
kidney failure, its use by athletes is considered both immora
and illegal. For another example relating to athletics, the use of
the growth factor IGF1 shows great promise in animal studies
to increase muscle mass, and would be very difficult to detect
by current monitoring systems. Most would consider thisjust as
unacceptable as steroids in the athletic setting. But IGF1 ap-
pears potentialy able also to slow down the aging process. If
that turns out to be true, would this use also be immoral ?

None of the examples cited so far have actually atered the
"germ-line" DNA (the DNA that is passed from parent to child)
of the individual, and it is highly unlikely that such experiments
on humans will be undertaken anytime in the near future
While this is routinely done in animal experiments, there are
serious safety issues that would preclude its application to hu-
mans, given that the negative consequences of such a manipu-
lation might not be apparent for several generations to come
Clearly the future offspring whose genomes were manipulated
would not have had the opportunity to give consent. Fam
an ethical perspective, therefore, germ-line manipulations of
human beings are likely to remain dff the table for a very lag
time. The one possible exception to that might be if one coud
construct a truly artificial human chromosome to carry extra
material, but equip that chromosome with a self-destruct medr
anism if something started to go wrong. However, we are dill a
very long way away from implementing any such protocol,
even in animals.
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IMPLANT ONLY NORMAL EMBRYOS
Figure A.2 Preimplantation genetic diagnosis (PGD).

Does this mean, then, that any fears about manipulation of
the human gene pool are overblown? Yes, if you're talking
about genetic engineering of the germ line to create new DNA
structures. But no, if you're talking about the GATTACA scenario
of embryo selection. This high-tech but increasingly widespread
practice has added a new twist to in vitro fertilization. As
shown in Figure A.2, at the time of in vitro fertilization a dozen
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or so eggs are harvested from the mother and fertilized by the
father's sperm in a petri dish. If fertilization is successful, the
embryos begin to divide. At the eight-cell stage, it is possbleto
remove one of the cells from each embryo and perform a DNA
test upon it. Based on that result, decisions can be made about
which embryos to reimplant and which ones to freeze or ds
card.

Hundreds of couples at risk for serious diseases like Tar
Sachs disease or cystic fibrosis have already utilized this pro-
cedure to assure themselves of the birth of an unafected
child. But a DNA test that reveals whether an embryo is des
tined to have Tay-Sachs disease can also be used to dde-
mine whether the embryo is male or female, or whether it
carries an adult-onset-disease rik, like a mutation in the
BRCAL1 gene. Application of this procedure, caled preimplan-
tation genetic diagnosis (PGD), has thus stirred controversy,
especially because, at least in the United States, it is virtudly
unregulated.

As the PGD technology becomes more widdy avaldle,
will well-heeled couples decide to take advantage of it, in a
form of homemade eugenics, to try to maximize the gandic
endowment of their offspring, in order to try to achieve the gp-
timum mix of the parents' genomes? Will they try to wesd aut
less desirable variants and make sure certain traits are pessd
aong?

There is a statistical problem with this approach. The kinds
of attributes that parents might want to enhance are gangdly
controlled by multiple genes. Ye getting both Mom's bes va-
sion and Dad's best version for any given gene will hgpen
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Fl%ure A.3 A graphica depiction of various enhancement scenarios.
While not dl would agree on the precise likelihood of occurrence or de-
gree of ethical concern for each example, this diagram may help to prior-
itize situations in the lower right quadrant as being of most immediate
importance.

only in one out of four embryos. If two genes are to be opti-
mized, it will take sixteen embryos (on average) to find one
that meets that requirement. To optimize for ten genes, it
would take more than a million embryos! Since that is sub-
gantidly more than the total number of eggs a woman can
produce in her lifetime, the slliness of the scenario becomes
immediately apparent.

There is another good reason why the scenario is dlly,
however. Even for that one-in-a-million embryo, the choice of
ten genes for inteligence, musicd ability, or athletic prowess
would be likely to skew the odds only by a smal amount. Fur-
thermore, none of these genes would operate in isolation. The
critical importance of childhood upbringing, education, and dis-
cipline would not be obviated by a dightly optimized throw of
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the genetic dice. The self-absorbed couple who insisted on
use of such genetic technology to produce a son who ood
quarterback a football team, play first violin in the student a-
chestra, and get A+ in math might very well find him in his
room instead, playing video games, smoking pot, and ligening
to heavy metal music.

To conclude this section on enhancement, it may be usfu
to place some possible scenarios on a two-dimensional pa,
defined by level of ethical concern on one axis and the likdi-
hood of occurrence on the other. That plot (Figure A3 ney
help us focus our attention on those applications of grestes
concern, which fdl in the lower right quadrant.

CONCLUSION

This survey of some of the ethical dilemmas associated with
coming advances in genomics and related fields is by no means
exhaustive. New dilemmas seem to be born every day, ad
some of the ones described in this Appendix may fade anay.
For those issues that represent real ethical challenges, ad
artificial and unrealistic scenarios, how are we as a ddy to
arrive at conclusions?

First of all, it would be a mistake to smply leave those ded-
sions to the scientists. Scientists have a critical role to play in
such debates, since they possess special expertise that mey ex
able a clear distinction of what is possible and what is nat. But
scientists can't be the only ones at the table. Scientists by thar
nature are hungry to explore the unknown. Their mora sneis
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in general no more or less well developed than that of other
groups, and they are unavoidably afflicted by a potential con-
flict of interest that may cause them to resent boundaries set by
nonscientists. Therefore, a wide variety of other perspectives
must be represented at the table. The burden is heavy upon
those participating in such debates, however, to educate them-
selves about the scientific facts. As the current debate about
stem cells has taught us, hardened positions can sometimes de-
velop long before the nuances of the science have become
clear, to the detriment of the potential for real dialogue.

Does a person's grounding in one of the great world faiths
assist his or her ability to resolve these moral and ethical dilem-
mas? Professiona bioethicists would generally say no, since as
we have already noted, the principles of ethics such as auton-
omy, beneficence, nonmaleficence, and justice are held true by
believers and nonbelievers aike. On the other hand, given the
uncertain ethical grounding of the postmodernist era, which
discounts the existence of absolute truth, ethics grounded on
specific principles of faith can provide a certain foundational
strength that may otherwise be lacking. | hesitate, however, to
advocate very strongly for faith-based bioethics. The obvious
danger is the historical record that believers can and will some-
times utilize their faith in a way never intended by God, and to
move from loving concern to self-righteousness, demagoguery,
and extremism.

No doubt those who conducted the Inquisition thought
themselves to be carrying out a highly ethical activity, as did
those who burned witches at the stake in Salem, Massachu-
setts. In our time, Idamic suicide bombers and assassins of
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abortion-clinic doctors no doubt are also convinced of thar
moral righteousness. As we face chalenging dlemmes
wrought by science in the future, let us bring every right ad
noble tradition of the world, tried and proven true through the
centuries, to the table. But let us not imagine that every indvid-
ual interpretation of those great truths will be honorable.

Is the science of genetics and genomics beginning to dlov
us to "play God"? That phrase is the one most commonly usal
by those expressing concern about these advances, even whn
the speaker is a nonbeliever. Clearly the concern would be less
ened if we could count on human beings to play God as Gal
does, with infinite love and benevolence. Our track record is
not so good. Difficult decisions arise when a conflict gopears
between the mandate to heal and the moral obligation to do no
harm. But we have no alternative but to face those dlemmes
head-on, attempt to understand all of the nuances, indude the
perspectives of al the stakeholders, and try to reach a consm+
sus. The need to succeed at these endeavors is jus one noe
compelling reason why the current battles between the et
tific and spiritual worldviews need to be resolved—we depa-
ately need both voices to be at the table, and not to be souting
at each other.
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