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“A THOUGHT-PROVOKING EXAMINATION OF WHERE 

RAPID-PACED TECHNOLOGICAL ADVANCES ARE 

TAKING US, RAISING ISSUES AND CONSCIOUSNESS 

ALONG THE WAY.” 

—San Diego Union-Tribune 

Could a woman give birth to her identical twin sister? Could 

a child have two genetic mothers? Could a man become 

pregnant? Could parents choose not only the physical 

characteristics of their children-to-be, but personalities and 

talents as well? Will genetic enhancement ultimately lead to 

the dominance of a “genetic elite” in a brave new world more 

chilling than the one envisioned by Huxley? 

In this brilliant, provocative, and necessary book, Lee M. Silver, 

a distinguished scientist and professor at Princeton University, 

reveals what awaits us in the dazzling light of the new day that 

is now dawning. Remaking Eden is a fascinating and cautiously 

optimistic look at the scientific advances that will allow us to 

engineer life in ways that were unimaginable just a few short 

years ago—indeed, in ways that go far beyond cloning. In clear, 

engaging, and accessible prose, Silver demystifies the science be- 

hind these thrilling and frightening new technologies, efficiently 

dismantling our preconceptions and misconceptions while elo- 

quently examining the profound ethical questions we must face. 

Above all, he reminds us that the desire both to have children 

and to provide them with all possible advantages in life is a 

uniquely powerful force—a force, he suggests, that will overcome 

all political and societal attempts to curb the use of reprogenetics. 

Remaking Eden is essential reading for anyone who wants to 

understand the hopes and dilemmas of the American family in 

the twenty-first century. 
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O, wonder! 

How many goodly creatures are there here! 

How beauteous mankind is! 

O brave new world 

That has such people in’t 

—William Shakespeare, The Tempest 





Prologue 
A Glimpse of Things to Come 

DATELINE BOSTON: JUNE 1, 2010 

Sometime in the not-so-distant future, you may visit the mater- 

nity ward at a major university hospital to see the newborn 

child or grandchild of a close friend. The new mother, let’s call 
her Barbara, seems very much at peace with the world, sitting 

in a chair quietly nursing her baby, Max. Her labor was—in 

the parlance of her doctor—“uneventful,” and she is looking 
forward to raising her first child. You decide to make pleasant 
conversation by asking Barbara whether she knew in advance 
that her baby was going to be a boy. In your mind, it seems like 
a perfectly reasonable question since doctors have long given 
prospective parents the option of learning the sex of their child- 

to-be many months before the predicted date of birth. But Bar- 
bara seems taken aback by the question. “Of course I knew that 

Max would be a boy,” she tells you. “My husband Dan and 1 

chose him from the embryos we made. And when I’m ready to 
go through this again, I'll choose a girl to be my second child. 
An older son and a younger daughter—a perfect family.” 

1 
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Now, it’s your turn to be taken aback. “You made a con- 

scious choice to have a boy rather than a girl?” you ask. 

“Absolutely!” Barbara answers. “And while I was at it, I 

made sure that Max wouldn’t turn out to be fat like my brother 

Tom or addicted to alcohol like Dan’s sister Karen. It’s not that 

Im personally biased or anything,” Barbara continues defen- 

sively. “I just wanted to make sure that Max would have the 

greatest chance for achieving success. Being overweight or alco- 

holic would clearly be a handicap.” 
You look down in wonderment at the little baby boy des- 

tined to be moderate in both size and drinking habits. 
Max has fallen asleep in Barbara’s arms, and she places him 

gently in his bassinet. He wears a contented smile, which evokes 
a similar smile from his mother. Barbara feels the urge to stretch 
her legs and asks whether you'd like to meet some of the new 
friends she’s made during her brief stay at the hospital. You 
nod, and the two of you walk into the room next door where 

a thirty-five-year old woman named Chery] is resting after giving 
birth to a nine-pound baby girl named Rebecca. 

Barbara introduces you to Cheryl as well as a second woman 
named Madelaine, who stands by the bed holding Cheryl’s 
hand. Little Rebecca is lying under the gaze of both Cheryl and 
Madelaine. “She really does look like both of her mothers, 
doesn’t she?” Barbara asks you. 

Now youre really confused. You glance at Barbara and whis- 
per, “Both mothers?” 

Sning takes you aside to explain. “Yes. You see Cheryl 
and Madelaine have been living together for eight years. They 
got married in Hawaii soon after it became legal there, and like 
most married couples, they wanted to bring a child into the 
world with a combination of both of their bloodlines. With the 
reproductive technologies available today, they were able to ful- 
fill their dreams.” 

You look across the room at the happy little nuclear fam- 
ily—Cheryl, Madelaine, and baby Rebecca—and wonder how 
the hospital plans to fill out the birth certificate. 
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DATELINE SEATTLE: MARCH 15, 2050 

You are now forty years older and much wiser to the ways of 
the modern world. Once again, you journey forth té the mater- 
nity ward. This time, it’s your own granddaughter Melissa who 

is in labor. Melissa is determined to experience natural child- 

birth and has refused all offers of anesthetics or painkillers. But 
she needs something to lift her spirits so that she can continue 

on through the waves of pain. “Let me see her pictures again,” 
she implores her husband Curtis as the latest contraction sweeps 
through her body. Curtis picks the photo album off the table 
and opens it to face his wife. She looks up at the computer- 

generated picture of a five-year-old girl with wavy brown hair, 
hazel eyes, and a round face. Curtis turns the page, and Melissa 

gazes at an older version of the same child: a smiling sixteen- 

year-old who is 5 feet, 5 inches tall with a pretty face. Melissa 

smiles back at the future picture of her yet-to-be-born child and 

braces for another contraction. 
There is something unseen in the picture of their child-to- 

be that provides even greater comfort to Melissa and Curtis. It 

is the submicroscopic piece of DNA—an extra gene—that will 
be present in every cell of her body. This special gene will 

provide her with lifelong resistance to infection by the virus 
that causes AIDS, a virus that has evolved to be ever more 

virulent since its explosion across the landscape of humanity 

seventy years earlier. After years of research by thousands of 
scientists, no cure for the awful disease has been found, and 

the only absolute protection comes from the insertion of a resis- 
tance gene into the single-cell embryo within twenty-four hours 

after conception. Ensconced in its chromosomal home, the AIDS 

resistance gene will be copied over and over again into every 

one of the trillions of cells that make up the human body, each 
of which will have its own personal barrier to infection by the 
AIDS-causing virus HIV. Melissa and Curtis feel lucky indeed 

to have the financial wherewithal needed to endow all of their 
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children with this protective agent. Other, less well-off American 

families cannot afford this luxury. 

Outside Melissa’s room, Jennifer, another expectant mother, 

is anxiously pacing the hall. She has just arrived at the hospital 

and her contractions are still far apart. But, unlike Melissa, Jen- 

nifer has no need for a computer printout to show her what 

her child-to-be will look like as a young girl or teenager. She 

already has thousands of pictures that show her future daugh- 

ter’s likeness, and they’re all real, not virtual. For the fetus inside 

Jennifer is her identical twin sister—her clone—who will be 

born thirty-six years after she and Jennifer were both conceived 
within the same single-cell embryo. As Jennifer's daughter grows 
up, she will constantly behold a glimpse of the future simply 
by looking at her mother’s photo album and her mother. 

DATELINE U.S.A.: MAY 15, 2350 

It is now three hundred years later and although you are long 
since gone, a number of your great-great-great-great-great-great- 
great-great-great-great-grandchildren are now alive, mostly un- 

beknownst to one another. The United States of America still 
exists, but it is a different place from the one familiar to you. 
The most striking difference is that the extreme polarization of 
society that began during the 1980s has now reached its logical 

conclusion, with all people belonging to one of two classes. The 
people of one class are referred to as Naturals, while those in the 
second class are called the Gene-enriched or simply the GenRich. 

These new classes of society cut across what used to be 
traditional racial and ethnic lines. In fact, so much mixing has 
occurred during the last three hundred years that sharp divi- 
sions according to race—black versus white versus Asian—no 
longer exist. Instead, the American populace has finally become 
the racial melting pot that earlier leaders had long hoped for. 
The skin color of Americans comes in all shades from African 
brown to Scandinavian pink, and traditional Asian facial features 
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are present to a greater or lesser extent in a large percentage of 
Americans as well. 

But while racial differences have mostly disappeared, an- 
other difference has emerged that is sharp and easily defined. 
It is the difference between those who are genetically enhanced 
and those who are not. The GenRich—who account for 10 
percent of the American population—all carry synthetic genes. 
Genes that were created in the laboratory and did not exist 
within the human species until twenty-first century reproductive 
geneticists began to put them there. The GenRich are a modern- 
day hereditary class of genetic aristocrats. 

Some of the synthetic genes carried by present-day members 
of the GenRich class were already carried by their parents. These 
genes were transmitted to today’s GenRich the old-fashioned 
way, from parent to child through sperm or egg. But other 
synthetic genes are new to the present generation. These were 
placed into GenRich embryos through the application of genetic 
engineering techniques shortly after conception. 

The GenRich class is anything but homogeneous. There are 
many types of GenRich families, and many subtypes within each 
type. For example, there are GenRich athletes who can trace 
their descent back to professional sports players from the 
twenty-first century. One subtype of GenRich athlete is the Gen- 
Rich football player, and a sub-subtype is the GenRich running 
back. Embryo selection techniques have been used to make sure 
that a GenRich running back has received all of the natural 
genes that made his unenhanced foundation ancestor excel at 
the position. But in addition, at each generation beyond the 
foundation ancestor, sophisticated genetic enhancements have 
accumulated so that the modern-day GenRich running back can 
perform in a way not conceivable for any unenhanced Natural. 
Of course, all professional baseball, football, and basketball 
players are special GenRich subtypes. After three hundred years 
of selection and enhancement, these GenRich individuals all 

have athletic skills that are clearly “nonhuman” in the traditional 
sense. It would be impossible for any Natural to compete. 
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Another GenRich type is the GenRich scientist. Many of the 

synthetic genes carried by the GenRich scientist are the same 

as those carried by all other members of the GenRich class, 

including some that enhance a variety of physical and mental 

attributes, as well as others that provide resistance to all known 

forms of human disease. But in addition, the present-day Gen- 

Rich scientist has accumulated a set of particular synthetic genes 
that work together with his “natural” heritage to produce an 
enhanced scientific mind. Although the GenRich scientist may 
appear to be different from the GenRich athlete, both GenRich 
types have evolved by a similar process. The foundation ances- 
tor for the modern GenRich scientist was a bright twenty-first- 

century scientist whose children were the first to be selected and 
enhanced to increase their chances of becoming even brighter 
scientists who could produce even more brilliant children. There 
are numerous other GenRich types including GenRich business- 
men, GenRich musicians, GenRich artists, and even GenRich 

intellectual generalists who all evolved in the same way. 
Not all present-day GenRich individuals can trace their 

foundation ancestors back to the twenty-first century, when ge- 
netic enhancement was first perfected. During the twenty- 
second and even the twenty-third centuries, some Natural families 
garnered the financial wherewithal required to place their chil- 
dren into the GenRich class. But with the passage of time, the 
genetic distance between Naturals and the GenRich has become 
greater and greater, and now there is little movement up from 

the Natural to GenRich class. It seems fair to say that society is 
on the verge of reaching the final point of complete polarization. 

All aspects of the economy, the media, the entertainment 
industry, and the knowledge industry are controlled by mem- 
bers of the GenRich class. GenRich parents can afford to send 
their children to private schools rich in the resources required 
for them to take advantage of their enhanced genetic potential. 
In contrast, Naturals work as low-paid service providers or as 
laborers, and their children go to public schools. But twenty- 
fourth-century public schools have little in common with their 
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predecessors from the twentieth century. Funds for public edu- 
cation have declined steadily since the beginning of the twenty- 
first century, and now Natural children are only taught the basic 
skills they need to perform the kinds of tasks they'll encounter 
in the jobs available to members of their class. 

There is still some intermarriage as well as sexual intermin- 
gling between a few GenRich individuals and Naturals. But, as 
one might imagine, GenRich parents put intense pressure on 
their children not to dilute their expensive genetic endowment 
in this way. And as time passes, the mixing of the classes will 
become less and less frequent for reasons of both environment 
and genetics. 

The environmental reason is clear enough: GenRich and 
Natural children grow up and live in segregated social worlds 
where there is little chance for contact between them. The ge- 
netic reason, however, was unanticipated. 

It is obvious to everyone that with each generation of en- 
hancement, the genetic distance separating the GenRich and 
Naturals is growing larger and larger. But a startling conse- 
quence of the expanding genetic distance has just come to light. 
In a nationwide survey of the few interclass GenRich-Natural 
couples that could be identified, sociologists have discovered an 

astounding 90 percent level of infertility. Reproductive geneti- 
cists have examined these couples and come to the conclusion 
that the infertility is caused primarily by an incompatibility be- 
tween the genetic makeup of each member. 

Evolutionary biologists have long observed instances in 
which otherwise fertile individuals taken from two separate pop- 
ulations prove infertile when mated to each other. And they tell 
the sociologists and the reproductive geneticists what is going 
on: the process of species separation between the GenRich and 
Naturals has already begun. Together, the sociologists, the re- 
productive geneticists, and the evolutionary biologists are will- 
ing to make the following prediction: If the accumulation of 
genetic knowledge and advances in genetic enhancement tech- 
nology continue at the present rate, then by the end of the third 
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millennium, the GenRich class and the Natural class will be- 

come the GenRich humans and the Natural humans—entirely 

separate species with no ability to cross-breed, and with as 

much romantic interest in each other as a current human would 

have for a chimpanzee. 

DATELINE PRINCETON, NEW JERSEY: 

THE PRESENT 

Are these outrageous scenarios the stuff of science fiction? Did 
they spring from the minds of Hollywood screenwriters? No. 
The scenarios described under the first two datelines emerge 
directly from scientific understanding and technologies that are 
already available today. The scientific framework for the last 
scenario is based on straightforward extrapolations from our 
current knowledge base. Furthermore, if biomedical advances 
continue to occur at the same rate as they do now, the practices 
described are likely to be feasible long before we reach my 
conservatively chosen datelines. Whether they are used or not 
will come down to politics. 

It's time to take stock of the current state of science and 
technology in the fields of reproduction and genetics and to 
ask, in the broadest terms possible, what the future may hold. 
Most people are aware of the impact that reproductive technol- 
ogy has already had in the area of fertility treatment. The first 
“test tube baby’—Louise Brown—is already eighteen years old, 
and the acronym for in vitro fertilization—IVF—is commonly 
used by laypeople. The cloning of human beings has become a 
real possibility as well, although many are still confused about 
what the technology can and cannot do. Advances in genetic 
research have also been in the limelight, with the almost weekly 
identification of new genes implicated in diseases like cystic 
fibrosis and breast cancer, or personality traits like novelty- 
seeking and anxiety. 

What has yet to catch the attention of the public at large, 
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however, is the incredible power that emerges when current 
technologies in reproductive biology and genetics are brought 
together in the form of reprogenetics. With reprogenetics, parents 
could gain complete control over their genetic destiny, with the 
ability to guide and enhance the characteristics of their children, 
and their children’s children as well. But even as reprogenetics 
makes dreams come true, like all of the most powerful technol- 
ogies invented by humankind, it may also generate nightmares 
of a kind not previously imagined. 

Of course, just because a technology becomes feasible does 
not mean that it will be used. Or does it? Society, acting through 
government intervention, could outlaw any one or all of the 
reprogenetic practices that I have described. Isn’t the nonuse of 
nuclear weapons for the purpose of mass destruction over the 
last half century an example of how governments can control 
technology? 

There are two big differences between the use of nuclear 
technology and reprogenetic technology. These differences lie in 
the resources and money needed to practice each. The most 
crucial resources required to build a nuclear weapon—large re- 
actors and enriched sources of uranium or plutonium—are 
tightly controlled by the government itself. The resources re- 
quired to practice reprogenetics—precision medical tools, small 
laboratory equipment, and simple chemicals—are all available 
for sale, without restriction, to anyone with the money to pay 
for them. The cost of developing a nuclear weapon is billions 
of dollars. In contrast, a reprogenetics clinic could easily be run 
on the scale of a small business anywhere in the world. Thus, 

even if restrictions on the use of reprogenetics are imposed in 

one country or another, those intent on delivering and receiving 
these services will not be restrained. But on what grounds can 
we argue that they should be restrained? 

In response to this question, many people point to the chill- 
ing novel Brave New World written by Aldous Huxley in 1931. 
It is the story of a future worldwide political state that exerts 
complete control over human reproduction and human nature 
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as well. In this brave new world, the state uses fetal hatcheries 

to breed each child into a predetermined intellectual class that 

ranges from alpha at the top to epsilon at the bottom. Individual 

members of each class are predestined to fit into specific roles 

in a soulless utopia where marriage and parenthood are pre- 

vented and promiscuous sexual activity is strongly encouraged, 

where universal immunity to diseases has been achieved, and 

where an all-enveloping state propaganda machine and mood- 
altering drugs make all content with their positions in life. 

While Huxley guessed right about the power we would gain 
over the process of reproduction, I think he was dead wrong 
when it came to predicting who would use the power and for 
what purposes. What Huxley failed to understand, or refused 
to accept, was the driving force behind babymaking. It is indi- 
viduals and couples who want to reproduce themselves in their 
own images. It is individuals and couples who want their chil- 
dren to be happy and successful. And it is individuals and 
couples—like Barbara and Dan and Cheryl and Madelaine and 
Melissa and Curtis and Jennifer, not governments—who will seize 
control of these new technologies. They will use some to reach 
otherwise unattainable reproductive goals and others to help 
their children achieve health, happiness, and success. And it is 

in pursuit of this last goal that the combined actions of many 
individuals, operating over many generations, could perhaps 
give rise to a polarized humanity more horrific than Huxley’s 
imagined Brave New World. 

There are those who will argue that parents don’t have 
the right to control the characteristics of their children-to-be 
in the way I describe. But American society, in particular, 
accepts the rights of parents to control every other aspect of 
their children’s lives from the time they are born until they 
reach adulthood. If one accepts the parental prerogative after 
birth, it is hard to argue against it before birth, if no harm 
is caused to the children who emerge. 

Many think that it is inherently unfair for some people to 
have access to technologies that can provide advantages while 
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others, less well-off, are forced to depend on chance alone. I 

would agree. It is inherently unfair. But once again, American 
society adheres to the principle that personal liberty and per- 
sonal fortune are the primary determinants of what. individuals 
are allowed and able to do. Anyone who accepts the right of 
affluent parents to provide their children with an expensive pri- 
vate school education cannot use “unfairness” as a reason for 
rejecting the use of reprogenetic technologies. 

Indeed, in a society that values individual freedom above 
all else, it is hard to find any legitimate basis for restricting the 
use of reprogenetics. And therein lies the dilemma. For while 
each individual use of the technology can be viewed in the 
light of personal reproductive choice—with no ability to change 
society at large—together they could have dramatic, unintended, 
long-term consequences. 

As the technologies of reproduction and genetics have be- 
come ever more powerful over the last decade, most practicing 
scientists and physicians have been loathe to speculate about 
where it may all lead. One reason for reluctance is the fear of 
getting it wrong. It really is impossible to predict with certainty 
which future technological advances will proceed on time and 
which will encounter unexpected roadblocks. This means that 
like Huxley’s vision of a fetal hatchery, some of the ideas pro- 
posed here may ultimately be technically impossible or exceed- 
ingly difficult to implement. On the other hand, there are sure 
to be technological breakthroughs that no one can imagine now, 
just as Huxley was unable to imagine genetic engineering, or 
cloning from adult cells, in 1931. 

There is a second reason why fertility specialists, in particu- 
lar, are reluctant to speculate about the kinds of future scenarios 
that I describe here. It’s called politics. In a climate where abor- 
tion clinics are on the alert for terrorist attacks, and where the 

religious right rails against any interference with the “natural 
process” of conception, IVF providers see no reason to call at- 
tention to themselves through descriptions of reproductive and 
genetic manipulations that are sure to provoke outrage. 
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The British journal Nature is one of the two most important 

science journals in the world (the other being the American 

journal Science). It is published weekly and is read by all types 

of scientists from biologists to physicists to medical researchers. 

No one would ever consider it to be radical or sensationalist in 

any way. On March 7, 1996, Nature published an article that 

described a method for cloning unlimited numbers of sheep 

from a single fertilized egg, with further implications for im- 
proving methods of genetic engineering. It took another week 
before the ramifications of this isolated breakthrough sank in 
for the editors. On March 14, 1996, they wrote an impassioned 

editorial saying in part: “That the growing power of molecular 

genetics confronts us with future prospects of being able to 
change the nature of our species [my emphasis] is a fact that 

seldom appears to be addressed in depth. Scientific knowledge 

may not yet permit detailed understanding, but the possibilities 

are clear enough. This gives rise to issues that in the end will 

have to be related to people within the social and ethical envi- 

ronments in which they live. . . . And the agenda is set by 
mankind as a whole, not by the subset involved in the science.” 

They are right that the agenda will not be set by scientists, 
who wield little power in a free society, despite thier sense of 
self-importance. But it’s utterly naive to think that “mankind as 
a whole”—unable to reach consensus on so many other societal 

issues—will have any effect whatsoever. Instead, in the near 

future, power will lie in the marketplace, and the agenda is sure 
to be set by individuals and couples who will act on behalf of 
themselves and their children. 

In the pages that follow, I will explain how remarkable 
advances in science and technology force us to reconsider long- 
held notions of parenthood, childhood, and the meaning of life 
itself. 1 will show you how technological advances, in particular, 
provide individuals and couples of all kinds with options for 
reproducing in ways that were previously unimaginable. And 
I will present imagined futures—alternatively nightmarish and 
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dreamy—in which people use reprogenetics to assume control 
over the destiny of humankind. 

Throughout, I will explore the ethical arguments that have 
been raised against the use of this technology. In most instances, 
I will attribute opposition to conscious or subconscious fears 

of treading in “God’s domain.” Indeed, I will argue that nearly 
all of the objections raised by bioethicists and others ring 
hollow with one exception not often considered. The power 
of reprogenetics is so great that if left to the market, those 
families and groups not able to afford it could become se- 
verely disadvantaged. 

Will a global marketplace based on individual freedom and 
competition among people and countries reign supreme in the 

centuries and millennia to come? If so, a severed humanity may 
very well be its ultimate legacy. 

But what is the alternative? So long as sovereign states pre- 
vail, international borders can do nothing to halt the passage of 
cells and genes carried deep within a woman’s body. Only a 
single world state could control the use of reprogenetics, provid- 
ing it in measured amounts to all its citizens. From our vantage 

point at the beginning of the third millennium, such a Huxleyan 
world seems much more securely in the realm of fiction than 
even the most fantastical scenarios imagined in this book. Nev- 
ertheless, the future of humankind is a thousand times longer 
than its past and impossible to foresee. 

Of one thing, I have no doubt. The growing use of reproge- 
netics is inevitable. For better and worse, a new age is upon 
us—an age in which we as humans will gain the ability to 

change the nature of our species. 





PART ONE 

LIFE 

In the beginning ... the earth was 

without form, and void, and darkness was 

upon the face of the deep. . . . And God 

said, “Let there be light”; and there was 

light. . . . Then God said, “Let us make 

man in our image, after our likeness; and 

let them have dominion over the fish of 

the sea, and over the birds of the air, 

and over the cattle, and over all the 

earth, and over every creeping thing that 

creeps upon the earth.” So God created 

man in his own image, in the image of 

God that created him; male and female 

he created them. 

—GENeESIS 1: 1-27 





What Is Life? 

I'm about to take you on an incredible journey into the future 
of humankind. It is a future that was unthinkable just a few 
years ago, beyond the reach of mortal men and women. But all 
that has changed, forever. We, as human beings, have tamed 

the fire of life. And in so doing, we have gained the power to 
control the destiny of our species. 

This power will come from the merging of remarkable scien- 
tific and technological advances in two fields—reproductive bi- 
ology and genetics—that have progressed independently of each 
other until now. These fields are now poised to come together 
as reprogenetics, and it is reprogenetics that will turn science 
fiction into reality, from cloning to embryo selection to genetic 
engineering, and beyond. 

Before we explore where we can go, we need to have a 
sense of where we come from. We need to know exactly what 

life is. We need to examine how it might have originated. We 
need to understand how it originates over and over again with 
the emergence of each new human being. 

Obviously, anyone reading this book is alive. It’s obvious 
that animals, plants, and microscopic germs can also be alive. 
But simply using the characteristics of all earthly life forms to 

7 
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come up with a definition of life would be selling life short. 

The problem is that all living entities on earth are of a single 

kind—which I shall refer to as biolife—that is easily distin- 

guished from nonliving things. Using biolife alone as the basis 

for defining life is highly chauvinistic. For if life arose indepen- 

dently elsewhere in the universe, the chance that it would have 

an appearance—either physically or chemically—similar to that 

of any biolife form on earth is essentially zero. 
To define life in the most general way possible, we need to 

let our imaginations wander far away, out of the real world as 
we know it. A wonderful place to begin is with a science fiction 

story entitled The Black Cloud, written in 1957 by the British 

astronomer Fred Hoyle. The story begins with the discovery by 
astronomers of an extremely large, dark celestial object bearing 

down on our solar system at high speed. As the object enters 

the solar system, it begins to slow down through what appears 
to be spontaneous ejection of matter in the direction of its 
movement. The diffuse object—which has the appearance of an 

enormous “Black Cloud”—finally comes to a complete standstill 

in a position that surrounds the sun. Throughout this first part 
of the story, the earth’s scientists succeed in determining the 

general structure of the Black Cloud and in explaining its move- 
ments through the well-established laws of physics. 

The presence of the Black Cloud blocks most of the sun’s 

light from reaching the earth.and the death of humankind is 
imminent, when one scientist speculates that the Black Cloud 
might actually be a complex living organism that has positioned 
itself around our sun on purpose to “feed” on it as an energy 
source. Humans quickly make radio contact with the Black 
Cloud and explain their predicament. The Black Cloud is 
stunned to learn that life can exist in the form of tiny little 
creatures sitting on the surface of a planet, and in time, it agrees 
to move out of the solar system, to pursue its activities else- 
where in the galaxy. 

Although the Black Cloud came to life in the imagination 
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of a scientist, it provides a useful model for probing what it is 
that we mean when we say something is alive. Could a real 
living Black Cloud exist somewhere in our universe? Nothing 
that we know about science today rules it out (which doesn’t 
mean to say that it’s likely). 

A different form of life, created not by a science fiction 
writer but by computer scientists, is referred to as artificial life, 

or “a-life” for short. A pioneer of the a-life field is Thomas Ray 
of the University of Delaware who was among the first to create 
a program that could reproduce itself and evolve inside a mem- 

ory chip of a computer. Starting with a single copy of a program 
containing eighty instructions required for its reproduction and 

dispersion, Ray watched his computer chip world (which he 
named Tierra) become populated with large numbers of a-life 

offspring that evolved, competed, and sometimes developed 
symbiotic or parasitic relationships with one another. 

A-life research has blossomed since 1990, and hundreds of 

computer scientists, sometimes working together with biologists, 

have created their very own a-life forms with different properties 
living in different types of computer chip worlds. Although 

these self-reproducing programs are referred to as artificial life, 

many scientists see nothing artificial about them. Rather, the a- 
life designation has stuck simply to distinguish them from bio- 

life (b-life) entities. . 

Finally, there is HAL, one of the most infamous characters 

ever to appear on a movie screen. HAL was, of course, the 
vengeful computer that controlled the spaceship traveling to 

Jupiter in the 1968 film 2001: A Space Odyssey written by Arthur 
C. Clarke. Although just a computer (actually a program run- 

ning within a computer), HAL displayed unanticipated human 

emotions such as pride, anger, and fear. The proof that HAL 
had indeed become a virtual human being—with an internal 
drive toward self-preservation—came with his response to an 
order from one of the astronauts on the spaceship to turn him- 

self off: “’'m sorry Dave. I’m afraid 1 can’t do that.” 
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THE UNIVERSAL PROPERTY OF 

LIVING THINGS 

What properties do biolife, the Black Cloud, a-life, and HAL all 

share in common? What is it that gives life to each? Biolife and 

a-life both reproduce and evolve, while HAL does not. HAL, 

the Black Cloud, and the human form of biolife all express a 

reflective self-awareness while a-life and most other forms of 

biolife do not. Is there anything that all of these life forms have 

in common? 

Yes. The one property that they all share is the ability to 
use energy to establish order out of disorder. As an 1830 quote 
in the Oxford English Dictionary says, “Life is seen in organized 
bodies only, and it is in living bodies only that organization is 
seen.” All living things have a high degree of internal organiza- 
tion, which can also be viewed as a high level of information 

content. To maintain self-defining information, a living thing 
requires energy. When death occurs, energy use gets turned off, 
and the information and internal organization of the living thing 
begin to dissipate. Ultimately, the constant pull of entropy will 
cause a once-living thing to decay into the inanimate world 
around it. 

The examples of life that we have looked at here use several 
different forms of energy. A-life and HAL both use the electrical 
energy that powers computers. The Black Cloud and plant forms 
of biolife feed on solar energy. Most other biolife forms are 
dependent, directly or indirectly, on the chemical energy that 
plants generate in their conversion of sunlight. However, some 
recently discovered biolife forms that live on ocean floors, miles 
below the surface, far removed from the rays of the sun, are 
totally dependent on chemical energy spewing forth from the 
earth’s interior in underwater volcanic vents. 

Still, just because something uses energy to create order out 
of disorder does not mean it’s alive. In 1997, it is no longer 
true that organization is seen only in living bodies. Intelligent 
creatures like ourselves can easily create complex nonliving ma- 
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chines that also use energy to establish order. But if we found 
such anti-entropy machines on another planet, we’d have good 
cause to believe that there were living beings nearby with a 
high level of consciousness. 2 

So if the ability to create order out of disorder does not 

define life uniquely, what does? In fact, we are hard pressed to 
find anything else that all the living systems we have discussed 
have in common, and yet we seem to recognize living things 
when they are presented to us. What is going on here? 

The answer lies in the confused definition of the word life. 
The problem is that we commonly use this single word—life— 
to mean two different things. We use it to mean life-in-general 
and we also use it to mean conscious life in particular. 

LIFE-IN-GENERAL 

Before I define the attributes associated with life-in-general, | 
must emphasize one feature that need not be present. Life-in- 
general can exist not only in the absence of consciousness, but 
in the absence of any kind of neurological activity whatsoever. 
Examples of life-in-general abound on earth and include mil- 
lions of different species of microbes, fungi, and plants. All are 
easily recognizable as alive because they are all composed of 
well-defined living units called cells, which we will come back 
to in the next chapter. 

Is it possible to come up with a definition of life-in-general 
that is generalizable across the universe and not dependent 
upon the specific characteristics of biolife on earth? A definition 
that we could use.as we search for life forms on other planets? 
Lewstiry. 

First, as noted, an absolute requirement for life of any kind 
is the ability to use energy for the purpose of maintaining infor- 
mation and structure. Although this property alone does not 
define life, it is clear that life cannot exist without it. 

Second, living things generally have the ability to reproduce 
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themselves. Life begets life. There are, of course, many exceptions 

to the rule, such as the sterile hybrid of a horse and donkey 

called a mule. Some mutated forms of simple life forms, as well, 

can lose the ability to reproduce. But while many individual 

living creatures have lost the ability to reproduce, each one is 

still a product of reproduction from a similar parent or parents. 

Thus, life-in-general is better defined by its past derivation— 

from other living things of its own kind—than by its future 

possibilities. 
Is the combination of reproduction and energy utilization 

sufficient to define life in a general sense? To answer this ques- 
tion, let’s imagine two kinds of things that humans themselves 
might build with just these properties. Both are based on com- 
puters, but one focuses on hardware and the other on software. 

The hardware version would be a sophisticated computer- 
driven robot that was designed with the ability to create exact 
copies of itsel{—from raw materials—without any human assis- 
tance. If solar panels were incorporated into the robot, it would 
not even be dependent on a human-provided energy source. It 
would churn out exact copies of itself, which in turn would 
churn out more exact copies of the original machine, and so 

on, until materials needed for the manufacture of further robots 
were no longer available. 

While a computer-driven self-replicating robot is still in the 
realm of fantasy, self-replicating software has already made its 
mark on the world in the form of computer viruses (which 
cause harm) and computer worms (which do not). These are 

small programs designed with the ability to make exact copies 
of themselves on the same computer disk or others, which may 
be connected through networks over distances of thousands of 
miles. 

Is a self-replicating machine or a self-replicating program 
alive? Most people would say no, even though they may attach 
cute appellations like worm or virus to the programs. There is 
something missing, some essential ingredient not present that 

we do find in living things. The essential ingredient is the single 
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feature that distinguishes the artificial-life programs discussed 
earlier from simple self-replicating programs like computer vi- 
ruses. Scientists think a-life programs are alive because they 
have the ability to evolve new properties. Any computer scientist 
could write programs that simulate features of living biological 
communities such as symbiosis and parasitism. But to watch 
these new properties emerge spontaneously in the offspring of 
programs that did not express them is a different thing 
altogether. 

Evolution can occur only when the copying process is not 
exact, when the offspring of programs or machines sometimes 
differ slightly from their progenitors, and when the difference 
is one that can be passed on to future generations. Imagine 
what might happen if our self-replicating robots could copy 
themselves with occasional self-perpetuating mistakes on a 
world where human beings ceased to exist. Eventually, the raw 
material needed to make new robots would become scarce, so 

that there was only enough for some, but not all, to reproduce. 
Because of the inexact copying process, individual robots would 
no longer operate in exactly the same way. One might be able 
to dig deeper for hidden material, another might have gained 
the ability to cannibalize its cousins for needed parts. These 
particular robots would be able to reproduce, while those that 
had remained unchanged would not. It wouldn't take many 
generations before robots with enhanced properties were the 
only ones left, and these would continue to evolve in response 
to both inter-robotic competition and ever-changing environ- 

mental conditions. Are there any limits to the future forms that 
these evolving robots might achieve? I don’t think so. 

It seems clear that once the process of reproduction is cou- 
pled with the ability to evolve (through survival of the fittest), 
life-in-general exists. In fact, evolution alone may be considered 
the overarching theme around which life must be organized 
since, by necessity, it incorporates both reproduction and the 

use of energy to maintain and generate information and organi- 
zation. True, evolution does not take place within any individual 
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organism. But it does seem possible to provide a complete defi- 

nition of life-in-general at the individual level as a product of 

reproduction and evolution that uses energy to maintain self- 

defining information and organization. The inanimate becomes 

animate only upon achieving the ability to evolve. 
The conceptualization of life that I have described here 

emerged from the grand synthesis of evolution and genetics that 
took place during the middle of the twentieth century. Among 
the theoretical biologists who played a major role was Theodosius 
Dobzhansky who coined the aphorism, “Nothing in biology 
makes sense except in the light of evolution.” 

One final feature of life, at least as we know it, is complexity. 
There seems to be a minimum level of complexity, a minimum 
number of interacting components working toward a common 

goal, that is required for a living thing to survive, reproduce, 

and evolve against the constant pull of entropy toward decay 
and disorder. Even the smallest living cell contains millions of 
complex molecules undergoing billions of predefined interac- 
tions with one another. The minimum level of organized com- 
plexity at the core of living things poses serious problems for 
explaining how it all started, as we will discuss in the next 
chapter. 

LIFE IN A SPECIAL SENSE 

Now it’s time to consider the very separate meaning that we 
give to conscious life, in its human form. Let’s begin with a 
thought experiment. Let’s imagine that not only has artificial 
intelligence become a reality, but that it can be placed into 
synthetic bodies that are indistinguishable from human beings. 
Now let’s assume that you discovered one day that your best 
friend was not really made of flesh and blood as you had 
thought, but had been created from electronic components in- 
stead—tlike an intelligent version of one of the Stepford Wives 
or a compassionate version of the Terminator. How would this 
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discovery change the way you felt about your best friend? 
Would you suddenly terminate your relationship? Would you 
no longer care if this person was dead or .. . alive? 

What is it about your electronic friend, or our old friend 
HAL, that makes them alive? They are clearly not products of 
reproduction and evolution (from their own kind), nor do they 
have the ability to reproduce themselves. Instead, what makes 
us view them as alive is their ability to feel and express a range 
of genuine human emotions and, most important, their attain- 
ment of the uniquely human condition of reflective self- 
awareness. 

So we now see that there are two very different meanings 
of the word life as it is used in connection with humanness. 
One meaning is associated with the basic processes of energy 
utilization, maintenance of structure and information, reproduc- 

tion, and evolution that are shared by all living things. In the 
context of biolife specifically, life in a general sense is rooted 
within the individual cell, which will be the focus of our atten- 

tion shortly. In contrast, the second meaning of the word life is 
rooted within the cerebral functioning that gives rise to con- 
sciousness. In human beings, life in a special sense is localized 
to the region between our ears, but it lies far beyond the level 
of any individual nerve cell. 

Although for the sake of simplicity, I have limited the dis- 
cussion here to the two meanings of life that arise in the context 
of human beings, the same dichotomy exists for all animals with 
a nervous system, from microscopic soil worms to chimpanzees. 
It is the nervous system of each animal, large and small, that 

is responsible for the characteristic behaviors that define that 
animal as a whole. An animal dies— in the special sense of the 
word—when its nervous system ceases to function, even though 

most of the individual cells within its body remain alive in the 
general sense for a longer time. 

The difference between life in the special sense and life in the 
general sense is well illustrated by two things that can happen 
after a person dies (when the heart stops beating and brain 
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activity has ceased). If the person was an adult man, his hair 

follicles will continue to function, giving rise to an unshaven 

face with an extra day’s growth of beard on a dead body. A 

dead body can also be mined for living organs that can be used 

for transplantation to save the lives, in the special sense, of other 
people. People who have received heart, lung, or kidney trans- 
plants do not have a personal identity that is any different from 
the one they had before their operation, even though they are 
now a mixture of two different living systems, in the general 

sense. 
A problem with the definition of “life in the special sense” 

that appears to be unavoidable lies in the difficulty of describing 
what we mean by a functional nervous system. At what stage 
during fetal development does a nervous system become func- 
tional? And at what point is a neurologically incapacitated adult 
no longer alive? 

Any answers to these questions will be highly subjective. 

And I doubt that further scientific understanding will ever make 
the task easier. As a result, there will always be a large fuzzy 
zone at the borders of life in the special sense. But the absence 
of sharp lines does not invalidate the definition; it just alerts us 
to its limitations. 

The inability to separate the two different meanings of the 
word life can cause confusion when people talk about whether 
or not a fertilized human egg is alive. According to our general 
definition of life, the fertilized egg is obviously alive in the same 
sense that cells are alive in donated blood or donated organs. 
But, this single cell does not represent human life in the special 
sense. Whether the human embryo should be treated in a special 
way because it contains human genetic material or because it 
has the potential to develop into a human life, is a question we 
will return to in chapter 3. 



Where Does Life Come From? 

THE CELL IS ALIVE 

The basic living unit of biolife is the cell. All creatures large 
and small—from the blue whale and the giant sequoia to each 
of the billions of symbiotic bacteria that live inside your gut 
helping you digest your last meal—are composed of one or 
more of these microscopic entities. If you break a cell apart, the 
individual pieces that you obtain are no longer alive. They are 
just built-up molecular structures—combinations of atoms—and 
nothing more. Some cell fragments may be able to utilize energy 
to maintain their structure for brief times under special condi- 
tions, but they can’t reproduce themselves. Thus, biolife cannot 
be reduced to any unit smaller than a cell, and the simplest cell 
possible is still inordinately complex. 

It was once thought that the laws of physics and chemistry 
alone were not sufficient to explain the notion of aliveness that 
is associated with a cell. It was assumed instead that a special 
vital force acted upon the molecules within a cell to bring them 
to life. We now know that there is no vital force and that all 
of the molecules within the cell obey the inanimate laws of 
physics and chemistry. But the cell is more than just the sum of 
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a large number of molecules. Together, the complex interlocking 

networks of molecular interactions that occur within the cell 

yield the emergent property that we call life. If you try to take 

it apart, you just get molecules; put it back together, if you 

could, and you have life. 
Animals and plants grow larger not by increasing the sizes 

of their cells, but by increasing their cell number. The liver cells 
of a human, for example, are indistinguishable from the liver 
cells of a mouse. But the whole liver of an adult human has a 
thousand times as many cells as the whole liver of an adult 
mouse. All together, each adult human being has about 100 
trillion cells in her or his body, which is about 100 trillion 

more than the simplest free-living creatures composed solely of 
single cells. 

The microscopic size of the cell should not lull you into 
the belief that it is a simple object. While we may not be able 
to see a cell with our eyes alone, it is still gargantuan relative 
to the size of its individual molecular components. The work- 
ings of each individual cell within the human body are, at a 
certain level, just as complex as the communications that take 
place among our cells that help to define us as human beings. 

With microscopes and the tools of biochemistry, a cell can 
be recognized by both its appearance and its inner workings. It 
is surrounded by an ultrathin skin called a plasma membrane. 
Within the confines of its plasma membrane, the cell is like an 

exquisite piece of machinery with hundreds of thousands of 
working parts, each localized to a specific compartment and 
each communicating with multitudes of other cellular compo- 
nents. So long as we are alive, the machinery in each of our 
cells never shuts down or goes to sleep. Even when we are 
asleep, each of our cells is constantly churning—a veritable bee- 
hive of activity—buming up calories. 

The information required to produce every one of the cell’s 
many components in the right numbers and to place them all 
in the right places is encoded within its genetic material, DNA. 
Furthermore, all of the information required to build complex 
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organisms—like human beings—with large brains capable of 
conscious thought is also encoded within molecules of DNA. 

Amazingly, the DNA present in a conscious human being 
is the same as the DNA present in a tiny amoeba. The reason 
these two organisms look different from each other is because 
the messages that they carry in their respective DNA molecules 
are different (and because each of our cells has a thousand times 
as much DNA as an amoeba). Indeed, the unique characteristics 

of every species on earth are all a consequence of unique mes- 
sages recorded in a common molecule. 

All cells have two separate compartments called the “cyto- 
plasm” and the “nucleus.” The nucleus has its own membrane 
and sits like a ball in the middle of the cell. It contains all of 

the genetic material within structures called chromosomes. 

Single-cell organisms can carry just a single chromosome, while 

normal human cells carry 46. Each chromosome contains a sin- 
gle DNA molecule. 

All the cellular material that lies outside the nucleus, and 

inside the plasma membrane, is called cytoplasm. The cytoplasm 

contains the machinery that interprets genetic information flow- 
ing from the nucleus and responds to it by building all the 
structures that make up the cell. The cytoplasm also relays sig- 

nals from the outside world—meaning all the other cells in the 

body as well as the external environment—into the nucleus 
where specific changes in the program of gene expression can 

be elicited. 
There are two steps in the process of cell reproduction. 

Cells must generate more of their component parts as they in- 

crease their size by twofold. They must also make accurate cop- 
ies of each of their DNA molecules. When both of these 
processes are completed, cell division can occur. At the comple- 
tion of cell division, there are two “daughter cells,” each con- 

taining its own copy of the complete genetic material that was 
present in the original “parent cell” (which ceases to exist). For 

single-cell organisms, cell division is equivalent to reproduction. 
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In contrast, multicellular organisms use cell division to grow in 

size and complexity. 

THE ORIGIN OF LIFE ON EARTH 

To a biologist, the similarity of all living things on earth to one 

another is much more striking than any differences that might 

exist. Not only are all living things made up of cells, but the 
cells of all living things work in essentially the same way with 
the same complex molecules and the same type of genetic mate- 
rial, which is read according to the same genetic code. There is 
no fundamental law of biochemistry that says all living cells 
have to be constructed in the particular way that they are. A 
smart biochemist could imagine an almost infinite number of 
other ways in which to build a functioning cell that, like biolife, 

is based on chemistry. 
Furthermore, even if one did start out with a cell like the 

one that defines biolife, there is absolutely no reason why the 
genetic code should be as it is. Imagine that you have grown 
up speaking the English language without ever learning how to 
read or write. Suddenly, someone gives you a set of twenty-six 
symbols and tells you to use these to invent a written code for 
what you are speaking. Let us say that the twenty-six symbols 
happen to be the twenty-six letters of our alphabet. What are 
the chances that you will use the symbol M to represent the 
starting sound of the word you use to address the woman who 
raised you? The answer is one chance in twenty-six. Now what 
is the probability that you will correctly assign every symbol in 
the alphabet to its appropriate sound (assuming for simplicity 
that you start out with the twenty-six sounds that English- 
speaking people happen to assign letters to). The probability 
is 1 chance in 403,291,146,110,000,000,000,000,000, or as a 
scientist would write it, approximately 1 chance in 4 x 102°. As 
far as we're concerned, this is essentially zero. Although the 
probability is somewhat different for the genetic code (it’s actu- 
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ally smaller), the same principle holds. There is an infinitesimal 
probability that two cells would use the same genetic code just 
by chance even if they did both happen to use DNA as their 
genetic material. And yet, every living animal, plant, and germ 
cell on earth uses the same genetic code. 

The inescapable conclusion is that all living things on 
earth—all animals, plants, and microorganisms—are descen- 
dants of the same original cell that happened to begin life with 
the particular genetic code that scientists now refer to as univer- 
sal (although global would be more accurate). The first cell ex- 
isted for a fleeting moment some 3.5 billion years ago, and it 
represented the beginning of life as we know it. Quite soon 
after its virgin birth, the original cell divided into two, both of 

which soon divided again and again, and within an instant of 
geological time, the earth was covered with single-cell organ- 
isms. If an alien were watching the earth from afar and hap- 
pened to blink, she would have missed it—a barren planet 
transformed to one suddenly teeming with life. Only simple life 
forms for sure, but powerful enough together to change the 
physical nature of the planet and the chemical nature of its 
atmosphere. 

There may seem to be an enormous gulf between a single- 
cell organism—so small that we can’t even see it—and a human 
being composed of 100 trillion cells, but no true biologist has 
any doubt that one evolved into the other. Our confidence is 
based not just on what Darwin’s theory says should happen, but 
on our ability to see the critical intermediate stages of evolution, 

all the way up the ladder of complexity from single cells to 
sponges, to worms, to fish, to reptiles, to mammals, to primates, 

and finally, to us. 
We see these intermediate stages both in the fossil record 

as well as in the living fossils that are all around us. It’s the 
fossil record that allows us to date the initial appearance of each 
intermediate stage. But it’s the living representatives of each 
stage, and our ability to study them with the tools of molecular 
biology, that give us a glimpse into how evolution took place, 
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step-by-step. Scientists are lucky that so many critical intermedi- 

ate forms of biolife kept on reproducing in a primitive state, 

even as their cousins went on to evolve to the next stage of 

complexity. 
In contrast, there are no naturally occurring intermediates 

between very simple molecules and the organized complexity 

of the cell. Thus, any attempt to define the intermediate steps 
that led to the construction of the first cell must be purely 
speculative. Since most biologists believe that life had to co- 
alesce spontaneously from inanimate matter on earth, there is 

no limit to such speculation. 
There are two assumptions that go into any speculation 

about the origin of life on earth. The first is that highly improba- 
ble events become not only probable but likely within a long 
enough time, and the 1-billion-year period between the harden- 
ing of the earth’s crust and the appearance of the first cell is 
certainly long. The second is that intermediate stages leading 
up to the first cell did exist, but they’ve all disappeared without 
a trace. 

The first assumption can be illustrated by analogy to the 
chances of buying a winning ticket to a daily million dollar 
lottery. Let’s say that every day, 2 million people each buy one 

ticket, and every day, one person is chosen as a winner. What 
is the probability that you will win the lottery on any particular 
day? The answer is 1 chance in 2 million, which is about the 
same as the probability that you will be hit by lightning during 
the course of any particular year. But, now let’s say that you 
buy 1 lottery ticket every day for 9 million days (remember, 
this is a thought experiment). What is the probability that you 
will win at least once? Well, it doesn’t matter if you bet the 
same number each day or a different number, the answer is a 
remarkable 99 percent. This thought experiment shows how a 
highly improbable event can turn into an extremely likely event 
given enough throws of the dice. 

But, statistical tricks allow us to go only so far. As the initial 
probability becomes smaller and smaller, the time required to 
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make it likely becomes longer and longer. And the probability 
that individual molecules will coalesce spontaneously into even 
the simplest cell imaginable—with interlocking networks of 
metabolic and genetic activity—is so low that we are justified 
in saying it could never happen during the entire time span of 
the universe. 

It is for this reason that most biologists assume life got a 
toehold on earth through a series of simpler intermediate stages 
of molecular existence and that each stage provided a platform 
for evolution into the next. Each stage would have to represent 
a proto-life form able to reproduce itself into a large enough 
number of copies so that a highly improbable event could occur 
in one and move it up to the next stage and so on, until ulti- 

mately, the first cell appeared. 
The first step on the pathway to life must be a molecule 

that can make copies of itself. In The Selfish Gene, Richard Daw- 
kins christens such a molecule the “replicator.” Although we 
can only speculate about the nature of the original replicator, 
it must have been simple enough to form spontaneously (given 
a billion years of trying) from atoms crashing into each other 
on the surface of the primordial earth. And once it was formed, 
its primary distinguishing characteristic would be its ability— 
all by itself{—to cause the formation of other molecules in its 
own image. 

What was the first replicator? Until recently, biochemists 
believed that it was an earlier variation on a molecule that all 
modern-day cells use. This point of view was supported during 
the 1950s with the results of a fascinating experiment that 
showed how the fundamental building blocks of proteins— 
amino acids—were created spontaneously under laboratory con- 
ditions thought to simulate the environment of the early earth. 
This finding led to early speculation that the first replicators 
were protein-like in nature. But no matter how hard they tried, 
scientists couldn’t imagine how protein-like molecules could 

make copies of themselves. 
In the 1980s, it was discovered that a molecule called RNA, 
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a close relative of DNA, not only has the ability to carry genetic 

information (like DNA), but also has the ability to perform 

chemical reactions. This discovery caused a massive migration 
of scientists to the belief that RNA was the original replicator, 
and that the cellular apparatus built itself up around it. How- 
ever, many thoughtful scientists are not happy with the RNA 
molecule as the original replicator for the simple reason that it 
is not simple enough. The structure of RNA is so complex that 
even if it did appear on the earth sporadically over the first 
billion years, it wouldn’t have had the capacity to make copies 
of itself, all by itself. 

And so in recent years, chemists have suggested that biolo- 
gists may have been too shortsighted in their attempts to dis- 
cover the original replicator as a primitive form of something 
that is still present within modern-day cells. Perhaps, they said, 
the original replicator was something entirely different. Perhaps, 
DNA, RNA, and proteins didn’t appear until much later in the 
game of life. But once they did appear, evolving out of the 
original replicator or its offspring, they would easily out- 
compete their progenitors, and the origins of life would disap- 
pear from the earth. 

In a delightful book called Seven Clues to the Origin of Life, 

A. G. Cairns suggests that the original replicator might have 
been an inorganic crystal, of a type found in clay or mud. 
Crystals are defined by their ability to grow spontaneously, re- 
producing whatever structure they start with. Under the right 
conditions, a crystal could expand in size, then break apart 
into two or more smaller crystals that could then expand in 
size again. 

We don’t normally see crystal growth as evidence of life 
and, indeed, in most cases we shouldn’t. But what our lottery 

example tells us is that improbable events can become probable 
over a long enough time. Thus, it is possible to propose that 
particular crystals could have incorporated more sophisticated 
molecules from the environment that provided a better chance 
of survival and propagation, and evolution could have taken off 
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from there. The distance from simple crystals to a complete cell 
is still enormous and unexplained, but the crystal birth of life 
is surprisingly compelling. 

Although most biologists insist that life had to- have origi- 
nated spontaneously on our planet, other ideas have been con- 
sidered. One alternative solution to the problem of missing 
intermediates was proposed early in the twentieth century by 
the Swedish chemist Svante August Arrhenius. In 1908, he sug- 
gested in his Panspermia (meaning seeds everywhere) theory that 
life originated elsewhere in the universe and was carried to earth 
by spores floating freely in outer space. The Panspermia scenario 
is analogous to the mechanism by which a newly formed volca- 
nic island, thousands of miles away from other land masses, 
will become seeded with new animal and plant life blowing 
onto its shores with the waves and winds of enormous storms— 
an example of the improbable becoming very likely over a suf- 
ficient time. Although it’s an interesting idea, scientists find no 
evidence of freely floating life forms in outer space. 

Francis Crick, one of the co-discoverers of the structure of 

DNA, has tried to rescue Panspermia by elaborating it into a 
theory of “Directed Panspermia,” which presupposes that spores 
did indeed land on earth, but that they were sent here deliber- 
ately in a spaceship by a highly advanced, but doomed, civiliza- 
tion living elsewhere in our galaxy. The major redeeming feature 
of this or any other form of the Panspermia theory is that it 
solves the problem of missing intermediates on earth. These 
theories also provide an opportunity for the spontaneous gener- 
ation of cellular life on a planet with special environmental 
conditions that would have been more auspicious than those 
found on the early earth. But what these better-than-earthlike 
conditions could possibly be is not at all clear. 

There is another solution most biologists tend not to con- 
sider: Divine Intervention. With Divine Intervention, the first 

cell was indeed put together deliberately—in the same way that 
a team of Boeing workers might build a 747—by a Supreme 
Being that people call God. 
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Divine Intervention is generally rejected as a solution to 

biological problems because not only is it not required, but 

there does not seem to be any room for it after the first cell 

appeared. The 3.5-billion-year-long pathway of evolution to hu- 

mankind can be explained by Darwinian principles of natural 

selection and nothing else. Furthermore, there is no evidence 

for any violation of the basic laws of physics and chemistry in 
any biological process that operates inside a living cell. And to 
many scientists, it would seem that Divine Intervention requires 
these laws to be violated by an invisible hand that intervenes, 

at least in certain situations at certain times. 

But, even if one completely accepts this point of view, it is 
still possible to argue that the birth of the first cell is the one 
event that shows the hand of God at work, and that after the 

one act of creation, the Supreme Being interfered no more. 

There’s an added assumption that goes hand-in-hand with this 
particular version of Divine Intervention. That is, once the first 

cell was in place, the evolution of human beings was inevitable. 
It is the notion of inevitability that was behind Pope John Paul’s 
decision to accept evolution as an established scientific theory. 

Interestingly, if we were able to time-travel back to the mo- 
ment at which the first cell appeared, we would not be able to 

distinguish the single-event version of Divine Intervention from 
Directed Panspermia. In both scenarios, something or someone 
outside the earthly realm consciously created the first cell on 
our planet, and then left it alone. With both scenarios, however, 

a critical question still remains: How did the earlier Being, or 
one even earlier than it, come into being? 

There is another serious problem with any benign neglect 
theory of human inevitability that lies squarely within the pro- 
cess of evolution itself, a problem that has been addressed most 
forcefully by Stephen Jay Gould. The word that Gould uses so 

often to describe the history of life is contingency. No matter 
what environmental conditions existed on earth throughout the 
millennia, the life forms that happened to appear could not 
have been anticipated. This is because there is no single solution 
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to any evolutionary problem. At each moment in the past, one 
out of many solutions was chosen just by chance in each organ- 
ism that survived. Billions of chance events, one after another, 

none that had to occur, finally led to us. Gould is fond of a 
thought experiment in which we “re-wind the tape” and allow 
life to evolve again, from any early point, in the same precise 
environment over the course of earth’s entire history. The prob- 
ability that creatures with humanlike consciousness would ap- 
pear a second time is virtually nil. 

The conclusion reached by Gould and other scientists is 

disturbing: We are an accident. Given the smallest change in 
the wind, some other creature would have won the lottery. For 
every genetic change made in response to predators or changing 
environmental conditions, thousands of others could have suc- 

ceeded just as well. If the asteroid that hit the earth and killed 

the dinosaurs 65 million years ago had shot past our planet 
instead, mammals would never have come to replace them as 
the dominant life form, and without our ancestors, we would 

not be here. As the Nobel Prize-winning physicist Steven Wein- 
berg says at the end of his book describing The First Three 
Minutes of the universe, “The more the universe seems compre- 

hensible, the more it also seems pointless.” 
Not all scientists feel this way. Freeman Dyson, one of the 

founders of modern quantum theory, suggests that the uncer- 
tainty inherent in the quantum mechanical view of the world 
could provide a hidden means for Divine Intervention into the 
process of evolution that does not break any laws of physics or 
chemistry. “Matter is weird stuff,” Dyson says, “weird enough 
so that it does not limit God’s freedom to make it do what 
he pleases.” 

Other physicists have pointed out a remarkable coincidence 
in the fundamental physical properties of the universe. It turns 
out that if the masses of any of the fundamental particles—like 
quarks and electrons—or the forces between them, or perturba- 
tions in the early universe, were different in even the smallest 

way, the universe would not have been able to produce galaxies; 
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galaxies would not have been able to produce stars, and stars 

would not have had orbiting planets covered with carbon atoms 

and other elements required to produce the molecules of life. 
This remarkable finding has been used by some physicists 

as a backhand way to explain the particular properties of our 
universe. The logic—known as the Anthropic Principle—goes 
like this. If the universe had any other properties, there would 
be no intelligent life around to see it. Since there is intelligent 
life, the universe has to have the properties that it has. In other 
words, the properties of our universe are explained simply by 
us being here to ponder them. 

Although the word universe is commonly used to mean “the 
totality of all existing things,” some physicists use the word to 
mean just the totality of all space that is physically connected to 
the space in which we live. What Einstein’s General Theory of 
Relativity suggested is that multiple, finite universes could coex- 
ist unbeknownst, and unconnected, to one another. This means 

that there might be many, many universes that are each charac- 
terized by different fundamental physical properties. By chance, 
our universe has properties that support the emergence of life 
and that is why we could be here, although we did not have to 

be here. According to this point of view, there need not be a 
God. In the near-infinitude of existence, life happened by 
chance. 

Ed Witten, a leading practitioner of modern-day theoretical 
physics, rejects this version of the Anthropic Principle. Witten 
believes that the fundamental physical properties of our uni- 
verse—and all universes—may someday be explained directly by 
a new theory of physics that brings together the currently sepa- 
rate theories of general relativity and quantum mechanics. If a 
final theory of physics explains it all, then it will no longer be 
possible to ascribe the special life-sustaining properties of the 
universe to chance alone. Instead, it will seem as though the 
universe was constructed on purpose in this manner, although 
the meaning of “on purpose” will still be subject to debate. 

One philosophical interpretation is a version of “theism” 
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with a benevolent God who left the picture long before the first 
cell was born. After creating the universe and simply setting it 
into motion at the moment of the Big Bang, with special physi- 
cal laws that guarantee the emergence of conscious beings some- 
where, this God sat back to watch life unfold as isolated sparkles 

throughout his domain. Freeman Dyson goes even further by 
suggesting that “the laws of Nature and the initial conditions 
are such as to make the universe as interesting as possible [to 
intelligent creatures like us].” 

An alternative philosophical interpretation of an all-inclusive 
final theory of physics is an “emergent” version of “pantheism.” 
Pantheism is a philosophical doctrine that considers the universe 
and God as a single, indivisible entity. In its emergent version, 
each conscious mind would represent a “small piece of God’s 
mental apparatus,” with the whole evolving and maturing over 
time. In this view, God may be seen as the “Created” rather 
than the “Creator.” 

Unfortunately, each explanation proposed for the origin and 
meaning of life and the universe is subject to serious philosophi- 
cal predicaments. Theories that posit the existence of a Creator 
of any form fail to explain where this Creator came from and 
who its Creator was. Theories that posit the accidental creation 
of consciousness fail to explain how the universe came into 
being and why there is something rather than nothing. 

Are there answers to be had to the great questions of our 
existence? And if so, will humankind ever learn what they are? 

My own feeling is that there are answers, and we will eventually 
have them. We have come to understand much about life and 
the universe in a remarkably short period of our history. And 
we are now poised to use reprogenetics together with other 
technologies to expand our powers to probe the universe in 
ways that we can only begin to imagine today. It is for this 
reason that I refuse to believe that knowledge exists that is 

beyond our reach. 
For the moment, though, let us summarize what we do 

know about the history of life on earth alone. We know that 
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the earth was a barren place when its surface cooled down and 
solidified 4.6 billion years ago, and that a billion years or so 
later, there were single-cell organisms alive and reproducing. It 
seems probable that cellular life began here just once. If other 
independently derived forms of life existed at any time, they 
have disappeared without a trace. And so it is that the first cell 
divided into two and each of these divided into two as well. 
And some of these daughter cells died off while others changed 
in response to their environment and continued to divide. And 
after a hundred billion or so divisions, in an unbroken line, the 

first cell gave rise to your first cell. 



Does Your First Cell Deserve 

Respect? 

We all have at least a general understanding of how babies come 
into existence. But although a general picture of reproduction is 

clear enough, we often miss or misunderstand subtle but impor- 
tant facts. Thus, it is worthwhile to take a closer look at “the 

facts of life” as they pertain to the critical events that occur 
immediately before and after the formation of a fertilized human 
egg. With the relevant scientific information in hand, we will 
be in a position to consider an important ethical question with 
implications for most of the reprogenetic technologies that will 
be discussed in this book: What is the moral status of the 
human embryo? 

SPERM AND EGGS 

Fertilization occurs when a sperm cell and an egg cell join 
together, becoming one new cell in place of the two cells that 
existed previously. To appreciate the process of fertilization, we 
must first understand the special properties that distinguish 

41 
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sperm and egg cells (both also known as germ cells or gametes) 

from every other cell in the human body. 
All your other cells (referred to as somatic cells to distinguish 

them from germ cells) carry the same genetic material distrib- 
uted across twenty-three pairs of DNA molecules stored within 
twenty-three pairs of chromosomes. One member of each chro- 
mosome pair came from your mother and the other member 
came from your father. The two members of any chromosome 

pair are 99.9 percent equivalent to each other (with one excep- 
tion). This represents an enormous amount of redundancy, as 
if each cell carried the written text from two editions of the 
same large encyclopedia, with each edition differing only in one 

word on every other page. 
To extend the metaphor further, it is the overall similarity 

between all possible editions of the encyclopedia—known ge- 
nerically as the human genome—that is responsible for the mul- 

titude of ways in which all human beings are the same as all 
other human beings. On the other hand, it is the small differ- 

ences between editions that make you look and, to a certain 

extent, behave differently from other people. Who you are, in 

particular, depends on the ability of all your cells to combine 
the information present in the two editions of the human ge- 
nome encyclopedia that you received from your father and 
mother, respectively. 

Each of your sperm or egg cells contains only a single edition 
of the human genome within just twenty-three chromosomes. 
But in no case is the single edition the same as the one you 

received from either your mother or your father. Instead, early 

in the process that leads to the production of each individual 
gamete, your maternal and paternal editions of the human ge- 
nome exchange random pages and whole chapters with each 
other in a very precise way so that entirely new editions of the 

encyclopedia emerge. The new editions have all the same chap- 
ters as before, but each is a random mixture of your mother’s 
and father’s genetic material. And only one of these editions 
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makes it into each of the individual sperm or egg cells formed 
in your body at the end of the process. 

Every sperm cell, of the billions produced during a man’s 
life, and every egg cell produced by a woman bears a different 
composition of genetic material, a different mixture of human 
genome editions. It is for this reason that, with the exception 
of identical twins or a child created by cloning, it is impossible 
for a human couple to have two genetically identical children. 

CONCEPTION 

Millions of immature eggs—called oocytes—are stored in a wom- 
an’s ovaries. Every month or so, during the fertile period of a 
woman's life, hormonal signals cause one of these oocytes to 
ripen into an egg that is capable of being fertilized. When the 
ripening process is complete, the egg is released from the ovary— 
an event referred to as ovulation. Upon leaving the ovary, the 
egg begins its slow journey down the fallopian tube where it 
remains receptive to sperm for about 20 hours. If this brief 
opportunity is missed, the egg will degenerate and pass from 
the fallopian tube to the uterus and out of the body along with 
the uterine lining at the time of menstruation. 

If sexual intercourse occurs within a day before or after 
ovulation, sperm will make their way up toward the egg in the 
fallopian tube. Human sperm probably have no ability to actu- 
ally seek out the egg, which is why men ejaculate 100 million 
or more of these gametes, when all but one—at most—are des- 
tined to die. Through the sheer force of numbers, some sperm 

will, by chance, make contact with the egg. 
The egg cell itself is surrounded by a rubbery coat called 

the zona pellucida, or zona for short. The egg is like a ball 
loosely floating in fluid within the hollow sphere of the zona. 
When a sperm cell bumps into the zona surrounding an unfer- 
tilized egg, the two stick together. The zona now induces the 
front end of the sperm to release a concentrated essence of 
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digestive enzymes, and with the forward motion caused by its 

wagging tail, the sperm follows a tiny burn path through the 

zona into the fluid between the zona and the egg cell. The first 

step of fertilization is now complete. 
A handful of sperm cells will often make their way into this 

isolated space, still swimming about. By chance, one will be the 
first to stick to the actual egg cell membrane. When this hap- 
pens, the sperm and egg cells begin the process of fusion. Dur- 
ing the process, a small portion of the egg’s membrane actually 
reaches out to surround the tiny sperm cell and gulps it in. The 
sperm cell remains intact and swimming, at first, inside the egg’s 
cytoplasm. But, within a few minutes, its tail and the membrane 

surrounding its head begin to disintegrate. The second step of 
fertilization is now complete. 

The fusion of egg and sperm triggers rapid responses to 
prevent the entry of other sperm into the egg, including a hard- 
ening of the zona coat, so that additional sperm can’t bore 
through, and an electrical screen around the egg membrane so 
that sperm already inside the zona are repelled by the egg’s 
surface. These events are, of course, not instantaneous, and oc- 

casionally, a second sperm will slip in during the seconds that 
it takes to raise the barriers. Such double-fertilized eggs are 
overloaded with genetic material and cannot develop properly; 
they will die within several days. 

Fusion also sets the fertilized egg—now called a zygote—on 
the slow but steady course of embryonic development. And one 
of the first tasks that the egg undertakes is a reduction of the 
mother’s genetic material by half. Are you confused by this last 
statement? Didn't the reduction of genetic material occur back 
in the ovary before ovulation? Well, actually no. The process 
began in the ovary; in fact, it began before the mother was even 
born (and we'll return to the bizarre implications of this fact in 
chapter 14). But it was never completed—an irksome scientific 
fact with implications that we will consider in a few moments. 

Meanwhile, the nucleus that was contained within the tiny 
compressed sperm head is undergoing a slow expansion to be- 
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come the same size as the nucleus contributed by the egg. These 
two nuclei are actually referred to as pronuclei by scientists be- 
cause each contains only half the genetic material found in the 
normal nuclei of somatic cells. Thus, they are not full nuclei, 

just the precursors to a full nucleus. 
Contrary to popular belief, however, the two pronuclei 

never fuse into one. Instead, throughout the one-day life of the 
zygote, the genetic material provided by mom and dad remain 
cloistered in their own separate spheres. How can this be true? 
In almost every popular book and article that discusses fertiliza- 
tion, there is some statement about the fertilized egg having a 
single nucleus containing the chromosomes of both the mother 
and the father together for the first time. In fact, such a thing 
has never been seen. It seems likely that this false concept began 
as wishful thinking (for reasons we will return to in a moment) 
that was propagated from one writer to another. | 

What actually happens is that the chromosomes in the two 
pronuclei duplicate themselves separately, and then copies from 
each come together inside the actual nuclei formed after the 
first cell division. It is within each of the two nuclei present in 
the two-cell embryo that a complete set of forty-six human 
chromosomes commingle for the first time. Fertilization is 
now complete. 

Now that it has two cells, what do we call it? The terms 

zygote and fertilized egg are used synonymously to describe only 
the single cell stage, which ends with cell division. Actually, 
animal biologists use the term embryo to describe the single cell 
stage, the two-cell stage, and all subsequent stages up until a 
time when recognizable humanlike limbs and facial features 
begin to appear between six to eight weeks after fertilization. 
From that time until birth, the term fetus is used. The word 
conceptus is also used as an inclusive term to describe all stages 
from fertilization to birth. 

You may have noticed that I said animal biologists use the 
term embryo. I’ve made this distinction because a number of 
specialists working in the field of human reproduction have sug- 
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gested that we stop using the word embryo to describe the devel- 

oping entity that exists for the first two weeks after fertilization. 

In its place, they proposed the term pre-embryo. From now on, 

the word embryo was to be reserved for the group of cells that 

emerge at about fourteen days after conception and go on to 
produce the fetus rather than the placenta, as I will describe in 

a following section. 
It is rare that scientists change well-established terminology, 

and such changes normally occur only in response to new scien- 
tific understanding that invalidates the use of earlier terms. Yet 
our scientific understanding of early embryonic development 
has remained essentially unchanged for more than half a cen- 
tury. So why is there suddenly a need to adopt a new word? 

Ill let you in on a secret. The term pre-embryo has been 
embraced wholeheartedly by IVF practitioners for reasons that 
are political, not scientific. The new term is used to provide the 
illusion that there is something profoundly different between 
what we nonmedical biologists still call a six-day-old embryo 
and what we and everyone else call a sixteen-day-old embryo. 

The term pre-embryo is useful in the political arena—where 
decisions are made about whether to allow early embryo (now 
called pre-embryo) experimentation—as well as in the confines 
of a doctor’s office, where it can be used to allay moral concerns 

that might be expressed by IVF patients. “Don’t worry,” a doctor 
might say, “it’s only pre-embryos that we're manipulating or 

freezing. They won't turn into real human embryos until after 
we've put them back into your body.” 

Biologically speaking, an important developmental event 
does occur at fourteen days. But there are other important devel- 
opmental events that occur before that time and many more 
that occur later. The relative significance of these events has 
been aptly described in the final report presented to the British 
Parliament by the first committee ever commissioned by a gov- 
ernment to look into new reproductive technologies: “There is 
no particular part of the developmental process that is more 
important than another, all are part of a continuous process, 
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and unless each stage takes place normally, at the correct time, 
and in the correct sequences, further development will cease.” 

DOES THE FERTILIZED HUMAN EGG 
REPRESENT HUMAN LIFE? 

Although life has been continuous since the origin of the first 
cell, you are clearly a distinctly individual human being. When 
did this distinction occur? And when did you—as a person— 

first become alive in the special sense that we give to the word? 
These simple little questions and the various answers that peo- 
ple give to them are at the heart of a political storm that has 
polarized American society like no other during the last quarter 
of the twentieth century. The storm I am speaking of, of course, 
is the issue of abortion access, and the battle lines are drawn 

between those who call themselves “pro-choice” with an empha- 
sis on the pregnant woman, and those who call themselves “pro- 

life” with an emphasis on the fertilized egg, embryo, and fetus. 

Much of the debate centers on what is referred to by bioe- 
thicists as “the moral status of the embryo.” If we can figure 
out how the embryo should be viewed in relation to a human 
being, we might be able to decide how it should be treated. If 
we decide that the embryo is deserving of the same protection 
as a child, we might want to think carefully not only about 
abortion, but about the kinds of embryonic manipulations in 
the laboratory that will be discussed in this book. If we decide 
that an embryo is not a child, then what is it? Is it a protochild, 

still deserving of some special thoughts, but not quite like a 
child? Or is it simply a clump of human cells, no different from 
those we wash off our skin with soap and water? 

In this section, I will be using the term embryo to refer to 
only the earliest stages of development that occur within a few 
days after fertilization. During this period, the embryo really 
does look like nothing more than a clump of cells. An ethical 
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discussion of later stages of development will be left to the 

sections that follow. 
While many philosophers and scientists have written about 

the status of the embryo, their opinions have not strayed far 
from one of the following three points of view: At one extreme 
are those who say the embryo is equivalent to a human being. 
This belief implies that embryos should be given the rights, 
protections, and respect that we give to all other human beings. 
This is the current position of the Catholic Church and many 
others who place themselves at the pro-life end of the politi- 
cal spectrum. 

At the other extreme are those who say that the embryo is 
no different from any other clump of human cells and should 
not be treated in any special way. Most contemporary biologists 
would probably place themselves in this camp. 

The third point of view hovers between these two extremes 
and has been stated succinctly by the noted reproductive ethicist 
and lawyer John Robertson: “The embryo deserves respect greater 
than that accorded to other human tissue, because of its potential 

to become a person and the symbolic meaning it carries for many 
people. Yet it should not be treated as a person, because it has not 
yet developed the features of personhood . . . and may never real- 
ize its biologic potential.” As Robertson notes, this is probably the 
most widely held view among secular bioethicists. 

Before joining the debate, we need to establish some basic 
facts through a series of questions and answers: 

1. Is the embryo alive? Clearly, yes. 
2. Is the embryo human? Yes again, but so are the cells that 

fall off your skin every day. 
3. Is the embryo human life? No. Recall from the first chap- 

ter the two different meanings that we give to life—one 
for life in the general sense, and the other for human 

life in the special sense. The embryo does not have any 
neurological attributes that we ascribe to human life in 
the special sense. 
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Given that early human embryos are not alive by the defini- 
tion developed here for human life, how could anyone equate 
them with a human being? The answer I hear most often goes 
something like this: First, the genetic constitution of the embryo 
is new and unique. Second, the embryo has the potential to 
develop into a full-blown human being. Taken together, the 
implication is that the embryo has the potential to become not 
just any human being, but a unique human being that is defined 
already by its unique composition of genetic material, and this 
potential does not exist within the unfertilized egg or sperm. 
With the powerful methods of genetic analysis that will be dis- 
cussed in chapter 17, it might even be possible to get a sneak 
preview of what the person will look like and what his or her 
temperament might be. And nothing should stand in the way of 
the natural development of the embryo into that already molded 
human being. 

The Vatican says: “modern genetic science brings valuable 
confirmation. It has demonstrated that, from the first instant, 

the program is fixed as to what this living being will be .. . 
Recent findings of human biological science . . . recognize that 
in the zygote (the cell produced when the nuclei of the two 
gametes have fused) [original parenthetical phrase] . . . the bio- 

logical identity of a new human individual is already 

constituted.” 
And the noted University of Chicago bioethicist Leon Kass 

argues: “While the egg and sperm are alive as cells, something 
new and alive in a different sense [original emphasis] comes into 
being with fertilization .. . there exists a new individual with 
its unique genetic identity, fully potent for the self-initiated de- 
velopment into a mature human being . . . Any honest biologist 

must be impressed by these facts.” 
Should we be impressed? It seems like a powerful argument. 

But, before we get carried away, let’s ask two critical questions: 
Is what they are saying true? And what are they really trying 

to say? 

Let’s start by analyzing the scientific validity of the argu- 
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ment. First, as we now know, “the biological identity of a new 

human individual” is not constituted at the time of zygote for- 

mation. A few hours must still pass before the zygote is able to 

rid itself of half of the mother’s DNA. 
Second, the assertion by the Vatican and most others that 

the zygote is “the cell produced when the nuclei of the two 
gametes have fused” is also wrong. What might seem like a 
minor scientific detail to biologists is actually a critical compo- 
nent of the argument used by some to claim that the zygote is 
alive “in a different sense.” People have been led to believe that 
the genetic material of the mother and father “come together” 
in a form of molecular marriage, when in truth, they remain 
celibate. If commingling of parental DNAs were really the decid- 
ing factor, then life would begin at the two-cell stage and not 
in the fertilized egg. But even at this stage, DNA molecules from 
the mother and father do not actually interact or even touch 
each other, they're just closer together than they were before. 
As a molecular geneticist, however, | cannot see why the precise 
distance that separates DNA molecules should have any bearing 
on how we view the moral status of the embryo. 

A third point is that “the program” is not necessarily fixed 
at conception. For a period of two weeks, it is possible for 
the developing embryo to break apart into two, three, or even 
(extremely rarely) four separate fragments that can each develop 
into a different human being. From where and when do these 
extra lives arise? 

A fourth point is that genetic constitution alone does not 
define a person. Identical twins may have the same genetic con- 
stitution but they are clearly different human beings. 

A fifth point is a semantic one. If the word natural is used 
to mean the most likely outcome nature will take in the absence 
of any external interference (and I know of no other way to 
define this word in this context), then the natural destiny for a 
human embryo is death. The normal reproductive biology of 
human beings is such that 75 percent of all naturally fertilized 
eggs will succumb to death naturally before the nine-month 
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period of gestation is completed. It is the odd egg only that 
develops into a live-born baby. 

But none of these arguments, or any others, will serve to 
change the minds of those who believe that human. life begins 
at conception. I can say this because the real reason that people 
who have thought about the embryo can maintain this point of 
view is a religious or spiritual one, not a scientific one. Most 
people do not want to admit that their views of the world are 
based on spiritual beliefs because in an advanced technological 
society like ours, with its foundation in science, arguments 

based on faith alone are not given much credibility. Scientific 
arguments are required for a cloak of respectability. 

Since February 23, 1997, however, science can no longer 

provide any support for those who hold this point of view. On 
that date, the cloning of a lamb from an adult cell was revealed, 
with the assumption that the same technique could be used to 
clone a human being. The implications of human cloning are 
staggering in many ways, but one fact, in particular, is relevant 
to the current discussion: when a new embryo is formed by 
cloning, there is no conception. The new embryo is formed by 
providing the complete genetic material of an adult cell—like 
one scraped off your skin—with just the cytoplasm from an 
unfertilized egg. No conception takes place. Actually a concep- 
tion event did take place a generation earlier, when the person 
who donated the cell for cloning was conceived. But the new 

child who will be born from that cell will not have been con- 

ceived anew. 
If a human life can begin in the absence of conception, then 

it is scientifically invalid to say that conception must mark the 
beginning of each new human life. It’s as simple as that. 

DOES THE EMBRYO DESERVE RESPECT? 

Even if you don’t think the embryo is morally equivalent to a 
human being, you can still claim it deserves respect. If you 
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believe that it does, you still might want to limit the ways in 

which its manipulation should be allowed in the laboratory. 
What else do people treat with respect besides other people? 

Broadly speaking, it’s other living things as well as inanimate 
objects that are perceived as important symbols for something 
else. In my own laboratory, I use mice as experimental animals, 

and I abide by rules set forth by the National Institutes of Health 
(NIH) to avoid inflicting any pain that is greater than a human 
patient might be asked to experience in an experimental situa- 
tion. I abide by these rules willingly—in fact, I would never do 
anything to a mouse that was more painful than a needle 
prick—because I respect the feelings of my mice and I don't 
want to see them suffer. 

But my colleagues down the hall who work on tiny fruit 
flies abide by no such NIH rules. And most people do not think 
about the ants they step on as they walk down the street. There 
are some people who do have respect for even the tiniest form 
of animal life, but even these people must eat plant cells to 
survive. And while eating a garden salad, no sane person worries 
about the live cells being crushed to death as he chews his food. 

We treat these different living things differently because 
mice seem to have feelings, flies and ants probably don’t, and 
plants definitely do not. And it’s the feelings of animals that we 
respect, not simply that they’re alive. 

Do early embryos have feelings? If you reject the notion of 
a spirit that enters at the time of fertilization (or embryo creation 
by cloning), the answer is an unambiguous no. Feelings, of any 
sort, cannot arise in the absence of a functional nervous system, 

and there are no nerve cells formed during the first week after 
fertilization. So this is not a basis on which the embryo might 
be accorded respect. Is there any other? 

There are two given by Robertson. The first comes back to 
the idea that an embryo has the potential to form a human being. 
It makes no sense, of course, to make unrealized potential alone 
the basis for respect. A newly ovulated egg and each of the 
millions of sperm in an ejaculate have the potential to partici- 
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pate in fertilization and become a human being, and yet no one 
believes these cells deserve respect. So potential alone is not 
enough. Rather it’s potential combined with the notion of com- 
plete genetic identity. The notion of being able to look into the 
DNA of the early embryo and see a picture of the child it could 
turn into, given the chance. 

There is no denying this connection. Rather, the question 
is whether it’s important enough to induce respect. I'll present 
two thought experiments that bear on the issue. The first of 
these is based on methods for manipulating and diagnosing 
embryos that will be discussed at length in chapters 7 and 17. 

Let’s start by saying that conception has taken place natu- 

rally inside a woman’s fallopian tube, and that the woman plans 
to proceed with the pregnancy in any case, but wants to know 
as early as possible whether her child will be afflicted with 
cystic fibrosis. To accommodate her wishes, you remove the 
embryo at the two-cell stage, take one cell off as biopsy material, 
dissolve it in a special solution, and carry out your test. You 
place the remaining part of the embryo (one cell) back into the 
mother, and it develops into a baby that is born nine months 
later. 

Is this protocol ethically suspect? Based on the intention of 
the woman to go through with the pregnancy no matter what 
the outcome, the Vatican has said that prenatal diagnosis is 

morally permissible. A single embryo was conceived through 
sexual intercourse, and a single child was born nine months 
later. Since the diagnostic procedure had no effect on the devel- 
opment or health of the child, no disrespect was committed, 

right? 
The answer is not that simple if you respect the potential 

of the embryo. Because as soon as you removed one cell from 
the two-cell embryo, you had two embryos not one. These sepa- 
rate cells could have developed independently into two human 
beings. By dissolving one cell in solution for diagnosis, you have 
destroyed a potential life. 

Now let’s consider a different scenario. Let’s say that you 
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separated the two cells in the embryo for the purpose of creating 

identical twins (rather than genetic diagnosis), as we'll discuss 

in chapter 7. You now have two separate cells representing two 

separate embryos with the potential to develop into two differ- 
ent human lives. But you then change your mind. You decide 
that it’s too difficult to raise two children at the same time and 
you really only want to have one baby. So, you take the two 
cells and push them back together again to produce the single 

embryo that you started with. 
How does one view the act of bringing together the two 

cells that you originally separated? You’ve actually destroyed the 
potential for a second human life, in the special sense, without 
eliminating any life, in the general sense. So, have you killed 
something in the process? 

Your answer may provide the foundation for your personal 
view concerning the respect due to a human embryo with one 
or two cells. If you do not believe that something has been 
killed, then, as a matter of logical consistency, you do not re- 
spect the potential of early embryonic cells. If you do believe 
that something has been killed, then “potential” has meaning to 
you. But what exactly is it that has been killed if not a cell? 
The only possible answer is a “soul” or “spirit.” This concept is 
what many people are really thinking of when they use the 
phrase “potential for human life.” 

With the cloning of Dolly the lamb from an adult ewe cell, 

and the almost certainty that humans could be cloned in the 
same fashion, the hidden meaning behind this oft-used phrase 

is entirely exposed. Now every cell in your body has the potential 
to form a new human life. But no sane person thinks twice 
about scratching an itch. And if you don’t feel bad about killing 
cells as you scratch yourself, you can’t use the idea of “potential” 
alone as the basis for granting respect to the embryo. 

Let us return to the final thing that people treat with re- 
spect—inanimate objects. Not just any inanimate objects, but 
those that have symbolic meaning of one sort or another. And 
even though the embryo is actually alive, this fact does not 
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seem to be relevant to Robertson’s second reason for granting 
it respect: “embryos are potent symbols of human life and de- 
serve some degree of respect on that basis alone.” 

The problem I see with this rationale is that symbols exist 
only in the eyes of the beholder—in and of themselves they 
have no meaning. Consider the American flag, which is per- 
ceived by most Americans as a symbol for America, the country. 
If a foreigner who was unaware of the connection came across 

an American flag in a foreign land, he would see nothing but 
a piece of cloth with patterns of stars and stripes. Nothing more 
could be expected. Clearly, no harm would be done in his eyes 
if he cut up the cloth to make rags for washing his car. And if 
no one who respected the American flag ever found out about 
what he had done—an act of desecration in that person’s eyes 
only—then no disrespect would have been committed. 

Just as one person’s flag is another person’s rag, so one 

person’s symbol of human life can as easily be another person’s 
clump of cells. In this sense, a symbol is quite different from 

an “embryonic soul.” If you think embryos have souls, then you 
would logically demand that all people treat all embryos with 
the respect accorded to human beings. But just because an em- 

bryo may be a symbol of human life to you, does not mean 
that you should expect others to view it in the same way. In- 
stead, you would have to agree that the question of respect is 
one that each person must decide for himself and herself. 

After this long critique of the reasons given for granting the 
embryo respect, it is time to consider again whether there is a 

hidden reason lurking in the minds of some (although not all) 
who hold this position. Perhaps they think that while the em- 
bryo is not in possession of a full-blown soul of the kind that 
you and I have, it does have a “little bit of soul.” Perhaps 
this is the real reason that the Human Embryo Research Panel 

concluded in their 1994 report to the Director of the National 
Institutes of Health that “the preimplantation embryo warrants 
serious moral consideration as a developing form of human 
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life. . . . [even though] it does not have the same moral status 
as an infant or child.” 

But a belief in even the smallest bit of embryonic soul im- 
plies the existence of something above and beyond complex 
molecules involved in complex interactions all explained by the 
laws of physics and chemistry. Indeed, a belief in an embryonic 
soul, no matter how small or insignificant, can only be main- 

tained by a belief in the vital force. And as we discussed earlier, 
there is no room for a vital force in any individual living cell, 
including those present in the human embryo. 



From Your First Cell to You 

If the two-cell human embryo does not represent human life, 
then what does? When does life, in the general sense, become 

human life, in the special sense? There is no simple answer to 

this question. Different people have had different views at differ- 
ent times, and there is nothing that science can add—beyond 
what’s been contributed already—that will provide a solution. 
It seems unlikely that consensus will ever be reached. 

One problem is that development is slow and continuous. 
Once fertilization is complete, there are no isolated moments 
along the way where you can point at an embryo or fetus and 
say that it is substantially different from the way it was a few 
minutes, or even hours, earlier. It is true that important devel- 

opmental events, or milestones, can be recognized, but the tim- 

ing of these events is fuzzy, like the transition from red to 
orange in a rainbow. 

Before one can speak rationally about the origin of a human 
being, it is critical to gain a feel for the biology of embryonic 
and fetal development between fertilization and birth. During 
this nine-month period, the embryo and fetus pass through a 
series of major developmental stages during which important 
milestones on the pathway to human life are reached. Through 

57 
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an appreciation for the significance of these milestones, it be- 

comes possible for each of us individually to make an informed 

decision on the question of the emergence of human lite. 

DAYS 2-6: 
CELL DIVISION AND DIFFERENTIATION 

At the beginning of the second day after the fusion of egg and 
sperm, the embryo has two cells. Each of these cells divides, to 
give four, and each of these divides again to produce a total of 
eight cells by the middle of the third day. Although the embryo 
has increased its cell number, it has not done much else, Each 
of its eight cells, when separated from the others, still has the 

potential to become an embryo unto itself, and to form a sepa- 
rate human life. 

With another round of cell divisions, to produce sixteen 
cells in total, the first step away from uniformity is initiated. 
The embryo still looks like a ball, or rather, a microscopic rasp- 
berry. But the cells on the outside are able to sense their posi- 
tion relative to the cells on the inside, and in response, they 
differentiate into cells that will eventually become the placenta 
and other tissues that function to protect the growing fetus. 

When biologists use the word differentiate, it means to be- 
come different. When a cell differentiates, it becomes different 
from the parental cell that gave ‘rise to it. Normally, differentia- 
tion causes a reduction in a cell’s potential. For example, the 

placenta-directed cells that have formed as the outer layer of 
the sixteen-cell embryo have the potential only to produce fur- 
ther cells that will become part of the placenta or other tissues 
located between the woman and her fetus. These cells have lost 
the potential to end up in the heart, lung, or any other tissue 
in the developing fetus itself. 

Once a cell has undergone differentiation, all of its progeny 
cells, and their progeny as well, will remain differentiated. But, 

these cells can still undergo further steps of differentiation with 
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further reductions in potential. For example, by four weeks of 
age, an embryo contains differentiated cells that have the poten- 
tial only to produce blood cells. With further cell divisions and 
further differentiation, cells appear that have the potential only 

_ to produce either white blood cells or red blood cells, but not 

both. Further rounds of differentiation are required to convert 
the white cell progenitors into a specific type of white cell that 
secretes antibodies or another type that gobbles up invading 
bacteria. At this point, after dozens of rounds of cell division, 

a state of terminal differentiation has been reached. Differentiation 
and development go hand in hand. Development of a whole 
organism occurs through the differentiation of the individual 
cells within it. 

Terminally differentiated cells can express highly specialized 
functions like those just described for white blood cells or oth- 
ers such as the production of body hair or fingernails. Most of 
the cells in your body are terminally differentiated including all 
of the microscopic components of complex organs like the lung, 
liver, kidney, or brain. But there will always be some cells, 

even in a mature adult, that hold back at an earlier stage of 

differentiation. These cells are called stem cells. They continue 

to divide to deliver, for example, a new source of skin, blood 

cells, or other special cell types that must be regenerated con- 
stantly in order for you to stay alive. 

Molecular biologists now have a sophisticated understanding 
of what happens inside a cell when it differentiates. Actually, 
the most important thing is what doesn’t happen—a differenti- 
ated cell doesn’t lose any of its genetic information. Every single 
somatic cell in your body has a complete set of forty-six chro- 
mosomes with all of the DNA that was present in the nuclei of 
the two-cell embryo that you emerged from. Now, if all cells 
have the same genetic information, why don’t they all look the 

same and act the same? The answer is that each cell is pro- 
grammed to use only a small portion of the total information 
to stay alive and carry out the tasks for which it has been 
specially designed through evolution. Cells that look and behave 
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differently from one another—as a result of differentiation—are 

programmed to use different portions of the same total genetic 

information. And with each differentiative step, the cell program 

changes in at least a small way. 
How a cell differentiates was a fundamental problem in the 

field of developmental biology for the better part of the twenti- 
eth century. But in 1997, it seems fair to say that this problem, 

in its global sense, has been solved. The solution did not come 
from any single experiment or laboratory, but rather through the 
accumulation of many results obtained by hundreds of scientists 
working around the world. We still don’t know all the details, 
but the general picture is now quite clear. And surprisingly, 
even to scientists, much of our understanding of human cell 
differentiation, in particular, and whole body development, in 

general, is based on experiments performed on simple organ- 
isms like yeast and fruit flies. In recognition of the enormous 
significance of the fly work in particular, my Princeton colleague 
Eric Wieshaus together with Christianne Nutsslein-Volhard and 

Ed Lewis won the 1995 Nobel Prize in Physiology and 
Medicine. 

Cells differentiate in response to various kinds of signals. 
Signals can be transmitted between cells that are touching, or 
between cells that are far away. All of these signals are special- 
ized molecules. Some cells can also receive signals, again in the 
form of particular molecules, from the external environment. 

Through the course of development, and in the adult as 
well, thousands of signals are being broadcast continuously 
throughout the body. But like a tiny radio receiver, each cell is 
tuned to pick out only those signals that are meant for it to 
receive, and the tuning is based on its state of differentiation. 

Cells respond to signals by changing the program of genes that 
they use, which in turn may cause the cell to broadcast its own 
signals—again, in the form of molecules—to be received by 
other cells. The developing fetus is like a complex electronic 
network, except that the signals come in the form of molecules 
(encoded by genes) rather than electrons. Scientists have yet to 
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discover all of these molecular signals, but the list grows longer 
every month. 

Now when we last left our embryo, it contained sixteen 
cells and the ones on the outside had begun to differentiate into 
placental cells (although you wouldn’t know it by just looking 
at them). Cells continue to divide as the embryo continues its 
journey down the fallopian tube and enters the uterus on about 
the fifth day after fertilization. Throughout this period, the em- 
bryo remains a free-floating independent entity secluded behind 
its solid zona pellucida coat. Indeed, throughout this period, a 
woman’s body is unable to distinguish between a developing 
embryo and a decaying, unfertilized egg. 

In a certain sense, then, a woman cannot be pregnant dur- 
ing the first week following ovulation. There may be an embryo 
inside, but it is separate and not dependent upon her for its 
development. And even if an embryo does exist behind the zona 
wall, there is still a 50 percent chance that it will pass right 
through her uterus without her ever knowing it—her next men- 
strual period will still begin on time. For women who use an 
Intrauterine Device (IUD) as a form of birth control, the per- 
centage of embryos that pass through jumps up to 100 percent 
(if the IUD is working properly). These women may have newly 
formed embryos inside them multiple times each year, even 
though they never become pregnant. 

DAYS 7-13: 
HATCHING, IMPLANTATION, AND PREGNANCY 

Sometime between seven and eight days after the start of fertil- 
ization, a large break appears in the zona coat and the embryo 
comes slithering out in a process that mammalian embryologists 
actually refer to as hatching. Unlike the outside of the zona coat, 
the outer cells of the embryo itself are rather sticky, and if 
conditions are suitable, the freed embryo will latch on to the 

uterine wall. This event marks the start of implantation. 
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The embryo now invades the uterine wall and establishes 
connections with the mother’s blood supply. For the first time, 
the presence of the embryo can be detected, both by the mother 
and by sensitive pregnancy tests. The embryo emits signals that 
lead to rapid hormonal changes within the mother’s body. With 
an outside source of energy—from the mother, that is—the em- 
bryo can begin a period of rapid growth and development. The 
outer cells of the embryo and the uterine cells of the mother 
begin to intermingle as they initiate the formation of what will 
be the placenta. 

But even at this stage, the cells in the middle of the embryo 

have still not undergone differentiation. Each one still has the 
potential to produce cells that go into every organ in your body 
as well as nonfetal tissues like the placenta. And the embryo 
can still break apart into two or more pieces that can each go 
on to develop a complete fetus and human being. On day thir- 
teen, the curtains close on what IVF practitioners call the pre- 

embryo stage. 

WEEKS 3-5: 

EMBRYONIC TISSUE DEVELOPMENT 

At the beginning of the third week, on the fourteenth or fif- 
teenth day after fertilization, a small number of cells in the 

middle of the embryo differentiate, for the first time, down the 

pathway of fetal development. It is only with this differentiation 
event that it becomes possible to identify specific embryonic cells 
that will definitely be incorporated into the developing fetus. 
Prior to this point, there was no way of knowing which middle 
cells would end up in the embryo and which would go into 
the placenta. 

As the embryologist C. R. Austin writes: “Probably, most 
people unfamiliar with this field would think of the changes as 
being a continuous line of descent—egg to embryo to fetus to 
child, each stage being the full successor of the one before— 
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but that is not in fact the case. The whole egg certainly becomes 
the embryo, and the whole fetus becomes the child, but the 

whole embryo does not become the fetus—only a small fraction 
of the embryo is thus involved, the rest of it continuing as the 

placenta and other auxiliary structures.” 
Within the isolated embryonic region that will become the 

fetus, a line of cells differentiates into a structure called the 

primitive streak, a precursor to the spinal cord and backbone. 
The appearance of the primitive streak represents a major devel- 
opmental milestone because it demarcates the point at which 
twinning can no longer occur. Now if the embryo were to break 
into two, the separate parts would be unable to complete fetal 
development. So the fifteen-day-old embryo is committed to the 
formation of a single human being, or none at all. 

Development proceeds very rapidly from this point on. Dur- 
ing the fourth week, one can see the beginnings of the gut, 
liver, and heart. At the end of the fourth week, the heart is 

beating and primitive blood cells are moving along embryonic 
veins and arteries. It is also at this stage that the very earliest 
development of the brain begins. Still, the embryo is less than 
a quarter of an inch long. 

WEEKS 6-14: 

THE EMBRYO BECOMES A FETUS 

Between six and eight weeks after fertilization, the embryo turns 
into—what appears to be—a miniature human being with arms, 
legs, hands, feet, fingers, toes, eyes, ears and nose. It is these 

external humanlike features that cause a shift in terminology 
from embryo to fetus. By twelve weeks, the inside of the fetus 
has also become rather humanlike with the appearance of all 
the major organs. The first trimester of pregnancy is now 

completed. 
Although looks alone can have a powerful effect on how 

we view something, it is important to understand what is, and 
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what is not, present at this early stage of fetal development. 

While major organs can be recognized, they have not yet begun 

to function. Although the cerebral cortex—the eventual seat of 
human awareness and emotions—has begun to grow, the cells 
within it are not capable of functioning as nerve cells. They are 
simply precursors to nerve cells without the ability to send or 
receive any neurological signals. Further steps of differentiation 
must occur before they even look like nerves or develop the 
ability to make synaptic contacts with one another. And in the 
absence of communication among nerve cells, there cannot be 
any consciousness. This means that if a fetus is aborted at this 
stage, it cannot feel any pain. 

Ancient philosophers did not have the knowledge of twentieth- 
century science to help them understand the natural world. 
Instead, they had to base their ideas on what they could see 
with their own eyes. And in the eyes of Aristotle, in the fourth 
century B.c., a fetus looked pretty much like a human being 
while an embryo did not. So, Aristotle proposed that the human 
conceptus develops through a series of stages equivalent to the 
major evolutionary stages of life on earth (although he obviously 
didn’t use the word evolutionary since Darwin was not-to be 

born for another two thousand years). The earliest embryo was 
considered to be vegetative, the later embryo was animal-like, 

and finally, humanness was achieved at the beginning of the 
fetal stage. In Aristotle’s mind, there was a difference between 
boys and girls: a boy fetus attained humanness at six weeks, 
while a girl fetus did not until thirteen weeks after fertilization. 

In the thirteenth century, the writings of Aristotle were re- 
discovered and embraced by the Catholic theologian and philos- 
opher Thomas Aquinas. But Aquinas went beyond Aristotle to 
argue that the emergence of humanness coincided with the 
point at which a fetus became “ensouled.” Aquinas wrote that 
at the appropriate time (six weeks for boys and thirteen weeks 
for girls), God looked down upon the fetus and decided whether 
it was suitably disposed for ensoulment. If it was, the fetus 
received a soul and completed the course of development until 
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birth. From the fourteenth century until 1869, this was the 
official doctrine of the Roman Catholic Church. Before the time 
of ensoulment, embryos were considered to be a part of the 
mother’s body, and their death or disposal was of no concern. 

WEEKS 18-22: 

THE FETUS KICKS ~ 

Between eighteen and twenty-two weeks after conception, the 
pregnant mother usually feels the movement of the fetus within 
her for the first time. This moment is traditionally referred to 
as “quickening.” But, while quickening may be an important 
milestone for a pregnant woman, it is not a milestone of any 

kind for the fetus. In fact the fetus has been moving around 
since before the tenth_week of its development. It is only when 
it has grown sufficiently large, though, that its movements can 
be perceived outside the womb. Typically, a woman will feel 
fetal movements much earlier in a second pregnancy than in a 
first, because she is attuned to the sensations. 

Again, looks and feelings can be deceptive. Fetal limb move- 
ments during this period are not caused by conscious decisions 
made by the fetal brain. They are simply a consequence of 
random electrical stimulation of muscle tissue. We can make 
such a statement with confidence because we know that the 
seat of consciousness—the cerebral cortex—does not yet have 
interconnected neurons required for any kind of functionality, 
even in a primitive way. 

In the absence of late twentieth-century scientific knowl- 
edge, the movement of the fetus would certainly seem to be 
highly significant, and the common law in many countries rec- 
ognizes quickening as the boundary that distinguishes the emer- 

gence of a new human life. 
Even with our current understanding, it is hard to escape 

the thought that the kicking fetus inside a woman is a willful 
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little baby trying to escape its confinement. Such thoughts, how- 

ever, lie in the realm of emotion, not rationality. 

WEEKS 24-26: 
THE FETUS BECOMES VIABLE; 

THE BRAIN BECOMES WIRED 

Two independent milestones occur between the twenty-fourth 
and twenty-sixth weeks after conception. The first is viability. 
It is during this period that the fetus develops the ability to 
survive outside the womb. Survival becomes possible as the fetal 
lungs begin to function for the first time. Even with the best 
neonatal technology available, we cannot push the point of via- 
bility back any further simply because a younger fetus cannot 
breathe. A number of other organs are not yet fully functional 
either, and even in the absence of the lung problem, there 
would be other roadblocks to earlier survival. 

What about the future? Will medical science be able to 
overcome the problems inherent in the survival of the early 
fetus? And beyond that, is there any chance that an artificial 
womb can be developed to take the place of the biological 
womb throughout the entire pregnancy, as described in Hux- 
ley’s Brave New World? 

Fortunately or unfortunately, depending on your point of 
view, this is an extremely difficult technical problem. From im- 

plantation until the twenty-fifth week of pregnancy, the concep- 
tus lies in intimate contact with its mother’s body. The fetus 
receives all of its nutrients from the mother and passes all of 
its waste products to her for excretion; this is well-known. What 
is not understood are all of the molecular signals that must be 
flying back and forth throughout development to fine-tune the 
process by which fetus and mother respond to each other. To 
create an artificial womb, one would not only have to under- 
stand what each of these signals means, one would also have 
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to program the “a-womb” to respond to each signal in an appro- 
priate biochemical manner. 

One should never underestimate the power of future tech- 
nology. It is certainly possible, if not likely, that an artificial 
womb will be developed over the coming centuries so long as 
research is allowed to proceed. But in comparison to most of 
the other reprogenetic technologies that will be discussed in this 
book, the a-womb seems to be on the more distant horizon. 

The second critical milestone that occurs between the 
twenty-fourth and twenty-sixth weeks is the emergence of a 
functional cerebral cortex, and with it, the potential for human 

consciousness. This process begins at twenty-five weeks and is 
described in dramatic terms by Morowitz and Trefil in their 
book, The Facts of Life: 

Most brain cells are produced early in the pregnancy, mi- 

grate to their final position, and mature into their final 

form. During this period, a few synapses form, but there is 

no large-scale wiring up. Then when most of the cells are 

in place and all is in readiness, synapses start forming in 

earnest. It is this burst of synapse formation that we call 

the birth of the cerebral cortex. It marks the period during 

which the brain is transformed from a collection of individ- 

ual cells into a connected machine capable of carrying out 

human thought. 

Based on the developmental and anatomical evidence, Moro- 

witz and Trefil argue that human life—in a sense somewhat 
different from that used in this book—begins sometime after 
twenty-five weeks of development. Interestingly, as these au- 
thors note, by sheer coincidence, “humanness and the ability to 

survive outside the womb develop at the same time.” 
Strictly speaking, it seems unlikely that the newly emergent 

cerebral cortex has the ability to carry out conscious thought. 
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But, there is no simple test, or even definition, of what con- 

scious thought is. Although both synapse formation and orga- 

nized cerebral electrical activity (measured as recognizable EEG 
brain-wave patterns) begin at twenty-five weeks, they both con- 
tinue to change and mature until a child reaches the age of ten! 
Obviously, consciousness emerges very early on, but when ex- 
actly that is, nobody knows. 

BIRTH AND BEYOND 

The average time from conception to birth is 270 days, but as 
we saw, survival is possible as early as 25 weeks with sophisti- 
cated neonatal care, and some pregnancies can last as long as 
40 weeks. Thus, birth by itself does not mark a specific point 
in development. On the other hand, by 35 weeks, the fetus has 
developed to the stage where it can survive in the outside world 
on nothing but its mother’s milk or a synthetic substitute. 

In most societies, a newborn baby is considered to be “the 

most precious thing in the world.” We look upon her or him 
as a complete human being whom we treat with at least the 
same respect and care that we would give to other human be- 
ings. As a starting point for discussion, most readers of this 
book would agree that they did not exist before fertilization and 
that they did exist at the time of birth. 

We are still left with the question that we have considered 
throughout this chapter: when between these two points did 
you begin your life—your human life? When your father’s sperm 

penetrated the zona coat around your mother’s egg? When a 
single sperm cell was gulped into the egg’s cytoplasm? When 
the sperm cell stopped swimming, lost its tail, and expanded 
its nucleus? When the egg eliminated half of your mother’s DNA 
so that the genetic material present was finally equivalent to 
that currently in each of your cells? When the genetic material 
from your mother and father first moved closer together in each 
of the two cells of the two-cell embryo? When the first definitive 
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cells destined to end up in your body appeared fourteen days 
later? When twinning was no longer possible, a short while after 
that? When the most primitive portion of your brain first ap- 
peared between three and four weeks? When the cerebral cortex 
emerged between six and eight weeks? When your cerebral cor- 
tex became wired at twenty-five weeks? Or when you left your 
mother’s body and began to breathe on your own sometime 
between twenty-five and forty weeks after fertilization? 

There are a few who would argue that the real beginning 
did not occur between fertilization and birth. If one accepts the 
definition of human life that I've presented, it is possible to 
conclude that you didn’t exist as a unique human being until 
you became fully conscious of the world around you, or fully 
self-reflective, months or perhaps years after you were born. 

On the other hand, it is also possible to go back before 
fertilization and consider the significance of what existed then. 
While the information that would eventually be used to mold 
your body was not yet in one place, all of it did exist in a 
discrete form somewhere. Furthermore, the actual egg cell that 

developed into you was produced by your mother’s body when 
she was still a fetus. 

This fascinating little fact intrigues Brigid Hogan, the co- 
chair of the National Institutes of Health committee that was 
charged with recommending policies for embryo experimenta- 
tion in the United States. When I asked her for her views on 
the question of life’s beginnings, she said: “I like the idea that a 
long time ago, in Port Elizabeth, South Africa, a young pregnant 
Englishwoman had inside her body not only her daughter but 
the egg that gave rise to her granddaughter and that the genetic 
recombination that contributed to me started then.” Of course, 

if one continues to travel backward in time to look for a begin- 
ning, there may be no stopping until the first cell is reached, 
3.5 billion years ago. 

What science tells us is that there is no single moment that 
marks your beginning. No single moment that can be isolated 
away from so many other important moments and that we can 
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all agree upon. Instead, a scientist will tell you that you emerged 
slowly over time from the genetic information and molecules 
that made up your developing body. And what I will describe 
to you in the chapters ahead are the ways in which scientists 
have learned how to manipulate that information and those 
molecules so that in the near future, we as a species will have 

the power to control the very nature of the human lives that 
emerge. 



PART TWO 

CREATING LIFE — 

All things were made by him; and 

without him was not anything made that 

was made. In him was life, and the life 

was the light of men. 

—THEeE GOSPEL ACCORDING TO JOHN 1: 3-4 
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Babies Without Sex 

During a seminar on reprogenetics that I taught to freshmen at 
Princeton University in 1995, I revealed a little secret that they 
all found rather amusing. What I told them is that every one 
of their ancestors—both parents, all four grandparents, all eight 
great-grandparents, sixteen great-great-grandparents, and con- 
tinuing on back as far as they could imagine—all of them, 
without exception, engaged in sexual intercourse with a member 
of the opposite sex. Young people often find it hard to believe 
that their parents may have engaged in sexual intercourse, but 
their grandparents and great-grandparents as well? Shocking. 

And yet, at some point in the future, there is sure to come 

a time when I will find a student in one of my seminars for 
whom this will not hold true. For 600 million years after its 
invention, sexual intercourse is no longer a prerequisite to re- 
production. Consider the following news stories. 

On December 7, 1987, the Washington Post reported: 

Recently, Episcopal priest Lesley Northrup has attracted the 

world’s attention by becoming a single mother through arti- 

ficial insemination. She has argued that the technique avoids 
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the church’s ban on sex outside of marriage, and her bishop 

has supported that position. 
“I have done nothing illegal or immoral in having this 

child,” Northrup said. “I cannot think what the offense 

might be. Adultery? None of the parties was married. Extra- 

marital sex? No sexual act occurred.” 

On July 19, 1994, the Sunday Telegraph, a British newspa- 
per, announced: “In Buckinghamshire a woman who says that 
she never ‘fancied’ any man enough to go to bed with him has 
a son by a ‘virgin’ birth.” 

And on January 19, 1995, the Daily Mail (also in Britain) 

reported: 

Two jobless lesbians have become the parents of a baby girl 

following a successful DIY (artificial insemination) preg- 

nancy. Both claim they are virgins and the child’s mother 

says she conceived after inseminating herself with sperm 

donated by a gay male friend. . . . The space for the father’s 

name on the birth certificate will remain blank. Natalie 

[Wilson] said they had longed for a baby but thought it 

would be impossible since neither was prepared to have sex 

with a man to become pregnant. “Now against all the odds, 

that dream has come true,” she said. 

Other reports of virgin births have come to light (especially 
in the British tabloids), and for each reported case, there are 

probably hundreds, perhaps thousands more that go unre- 
ported. Nearly all of them have been initiated with the use of 
artificial insemination by donor (also known as AID or DI), 
which is the least technical of the reproductive technologies. DI 
can be performed by a woman on herself with just a turkey 
baster containing donated semen. And even the turkey baster 
may not be strictly required. In the novel Galapagos, Kurt Von- 
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negut describes acts of artificial insemination that are initiated 
with semen inserted into the vagina with fingers alone. In Von- 
negut’s fantasy, these children conceived in the absence of sin are 
the Adams and Eves for the entire future of human life on earth. 

Has something immoral occurred with the sundering of the 
link between sex and reproduction? Some think so. The Wash- 
ington Post on March 12, 1991 reported: 

Several members of [the British] Parliament from the ruling 

Conservative Party . . . called for legislation that would ban 

artificial insemination of virgins .. . “It is difficult to imag- 

ine a more irresponsible act than to assist a woman to have 

a child in this highly unnatural way,” complained Dame 

Jill Knight, a Conservative lawmaker. An embarrassed gov- 

ernment said a ban on virgin births would be unworkable. 

That was not quite good enough for some Tory legislators. 

“T find it personally abhorrent,” said Jerry Hayes, chairman 

of the party’s health committee. “One virgin birth for eter- 

nity is enough.” 

What is it that so upsets these British legislators? It is not 
just the fact that children are being born to unwed mothers; 
that’s old news. And it’s not just that lesbians are having chil- 
dren, for the anger is directed at nonlesbians like Lesley 
Northrup as well. It is, instead, a sense that there is something 
highly unnatural about an act of reproduction from which men 
have been excluded. 

In speaking about those who were most angry at what she 
had done, Northrup said, “I am not a radical feminist, you 

know, but it’s interesting. They were all men who complained 
that they had been taken out of the process. The fact that one 
can start a family, build family life, without a male being in it 
seems to be threatening.” 

Suddenly, it seems to some, women have the power to gain 
complete control over their reproductive destinies. For the pres- 
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ent, men are still required to contribute their sperm, but with 

the advent of human cloning, they won't be needed at all. And 

if men are left out, does that mean that God is somehow left 

out of the process as well? Will Woman alone—with a capital 
W—become the creator of all new human life? 

The idea that God has been excluded is at the root of the 
Vatican’s condemnation of IVF and most other reproductive 
technologies. For it is the creation of babies in the absence 
of sexual intercourse, rather than the technology itself, that is 

considered immoral. In fact, the Vatican seems willing to accept 
a variation on the IVF protocol that begins with the infertile 
couple undergoing intercourse while the husband wears a spe- 
cial condom in which small holes have been cut purposely to 
abide by the Church’s edict against contraception. After inter- 
course is completed, sperm are retrieved from the special con- 
dom and placed in a laboratory dish next to the eggs retrieved 
earlier from the wife’s ovary. Then the whole mixture is quickly 
inserted back into the wife’s fallopian tube so that fertilization 
can occur on the inside rather than the outside. This protocol 
has been given the acronym GIFT, not only to distinguish it 
from the morally suspect IVF technology, but also to provide 
the image of a “gift of life” that comes directly from God. 

The Vatican seems willing to accept this ruse because it can 
identify a specific act of sexual intercourse connected to a spe- 
cific act of fertilization within the natural environment of the 
wife’s reproductive tract, even though an act of high technology 
has intervened between the two. Since every sex act between 
married people is “willed by God” (according to the Church’s 
teachings), it follows that every child that emerges from such 
an act is God's creation. In contrast, when women conspire to 

bring about fetal development in the absence of sex, not only 
do they create children in the absence of “God’s will,” they 
actually steal the creator’s scepter for themselves. 

I find it amusing that while mostly older, conservative men 
see a horrible future in which they and their sons are left out 
of the reproductive process, a few women on the other side of 
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the political spectrum fear a future that is exactly the opposite. 
Gena Corea, a feminist scholar who has written extensively on 

reproductive issues, believes that “reproductive technologies .. . 
are transforming the experience of motherhood and placing it 
under the control of men . . . Reproductive technologists now 
aim to bring forth life through ‘art’ rather than nature and en- 
able a man to be not only the father but also the mother of 
his child.” 

No matter who ends up with the power—and I suspect it'll 
be equally distributed between men and women—the British 
Conservatives and Gena Corea are both right. Our approach to 
babymaking is in for a big change. Today, sexless acts of repro- 
duction represent only a tiny fraction of the babies born in 
industrialized countries. But every year, more and more babies 
will be conceived in this way. And if technologies like cloning, 
embryo screening, and genetic engineering come into wide- 
spread use during future centuries or millennia, sexless repro- 
duction could become the norm for those people who have the 
money to pay for it. 

Except for artificial insemination—which is so low-tech that 
it hardly deserves designation as a technology—all of the many 
other reprogenetic possibilities we will discuss build upon the 
foundation established by in vitro fertilization. 



In Vitro Fertilization 

and the Dawn of a New Age 

IN THE BEGINNING 

A singular moment in human evolution occurred on July 25, 
1978, with the birth of a baby girl to Lesley and John Brown 
in the Oldham and General District Hospital in the town of 
Oldham, England. Mrs. Brown did indeed have a lovely daugh- 
ter. She weighed 5 pounds 12 ounces and was named Louise 
Joy. Louise was extraordinary because she was the first human 
being conceived outside her mother’s womb. 

Nine months earlier, a single egg had been removed from 
Lesley Brown’s ovary and placed into a small plastic dish by 
Patrick Steptoe. Sperm obtained from John Brown were added 
to the same droplet of culture fluid and the dish was placed 
under the microscope where Steptoe’s colleague Robert Edwards 

watched as fertilization took place. The fertilized egg was al- 
lowed to divide three times and was then placed into Mrs. 
Brown’s uterus. Nine months later, Louise Brown was born. 

This birth represented the culmination of more than a de- 

cade of work on human eggs and embryos by Steptoe and Ed- 
wards, who should be recognized as the founders of the new 
age of reprogenetics. The significance of their technical feat can- 
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not be overemphasized. I[VF—the term now used to describe 
the entire process from egg and sperm collection to embryo 
placement in the uterus—was developed originally for the pur- 
pose of curing one type of infertility. But what IVF does inher- 
ently, as well, is provide access to the egg and embryo. And 
with this access, it becomes possible to observe and modify the 
embryo and its genetic material before a pregnancy is initiated. 

Robert Edwards—the original figure behind the develop- 
ment of IVF—did not have a medical degree. His graduate train- 
ing was at the Institute of Animal Genetics at Edinburgh 
University, and his Ph.D. thesis work performed during the 
early 1960s was on mouse embryos, not those of humans. As 

a graduate student, Edwards took advantage of techniques per- 
fected by other mouse embryologists for the fertilization of eggs 
in culture dishes and the transfer of embryos back into female 

mice where it was found that development proceeded normally 
to the birth of healthy animals. It was his experience with mouse 
embryos that convinced Edwards that IVF could be made to 
work in humans as well. 

So the push for human IVF did not come from within the 
medical establishment. It came instead from a basic researcher 
who understood and appreciated the striking similarity in biol- 
ogy that exists between humans and all other mammals. This 
point underlies much of the rationale I will use for predicting 
future advances in reprogenetics. 

In 1968, Edwards persuaded Steptoe, a gynecological spe- 
cialist, to join him in his quest, and together they spent the 
next ten years seeking to replicate the mouse IVF protocol in 
human subjects. The problem was not in getting fertilization to 
take place in a dish; that task was accomplished very early on. 
The problem was in working out the conditions required for 
the embryo to implant into the mother’s uterus. Figuring out 
all of the details is much more difficult to do when there’s no 
opportunity to experiment, and obviously, the introduction of 
every embryo into a woman's uterus was made with the hope 
of success and not just to collect experimental data. 
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AT THE PRESENT TIME 

From a single birth in a British clinic, the use of IVF as a 
method of reproduction has exploded. In 1985, the first year 
that a survey of U.S. clinics was performed, 337 births were 
reported. In 1990, the number of American IVF births jumped 
to 2,345, and in 1993, it rose to 6,870. In 1990, there were 

180 USS. clinics offering IVF services; by 1993 that number had 

jumped to 267. 
And the United States is far from alone. IVF programs of 

comparable size are churning out babies in Australia, France, 
Belgium, Holland, and, of course, Britain. Perhaps surprisingly, 
IVF is not just confined to wealthy countries of the West. By 
1994, more than thirty-eight countries had established IVF pro- 
grams, including Malaysia, Pakistan, Thailand, Egypt, Venezu- 

ela, and Turkey, each of which has reported more than one 
hundred births. The total number of IVF babies born by the 
end of 1994 was estimated to be 150,000 and most of these 

children are less than four years old. It is now likely that you 
or one of your friends knows someone who has had a child in 
this way. If IVF services continue to expand at a comparable 
rate, by the year 2005, there could be more than 500,000 IVF 
babies born annually in the United States alone, and millions 
more in other countries. 

These numbers are astounding because IVF is not a technol- 
ogy that people can master in their spare time. It requires highly 
skilled physicians and reproductive biologists. Physicians must 
go through medical school and a long residency program in 
obstetrics and gynecology followed by a period of specialty 
training at an IVF clinic. And training alone is not enough to 
ensure success, some have the “right stuff’ for performing feats 
of microsurgery and micromanipulation, while others never will. 

Even with the large hurdles that must be overcome, it is 

easy to see how the number of IVF providers continues to ex- 
pand. First, there is an enormous pent-up demand for IVF ser- 
vices for reasons I will discuss below. Second, the profits to be 
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made are large. At a typical IVF clinic, a couple may spend 
between $44,000 and $200,000 to achieve a single pregnancy. 
Unlike the computer industry where equipment today can be 
purchased for a fraction of what a comparable machine cost a 
few years earlier, the cost of IVF services is unlikely to decline 
in the future, since most of it is accounted for by labor. And 

the labor we’re talking about here is that of the highly skilled 
medical professional who will always insist on a large fee for 
his or her highly specialized services. In 1992, reproductive 
specialists on the staffs of hospitals, HMOs, and group medical 
practices were paid an average annual salary of $259,750, which 
was more than any other medical specialty. And IVF prac- 
titioners who have a stake in their own private clinics can make 
much more money than that. 

So, why are there so many people who are willing to pay 
such large amounts of money, often entirely out of their own 

pockets, for these services? The answer lies in the powerful 
desire to have a child of one’s own. 

THE DESIRE TO HAVE A CHILD 

The desire to have and raise a child is such a powerful instinc- 

tive force that many people who experience it have a hard time 
explaining where it comes from. But the source is readily appar- 
ent to those familiar with Dobzhansky’s famous quote, “nothing 
in biology makes sense except in the light of evolution.” In this 
light, the origin of the desire is easy to see. It emerges directly 
from one of the guiding principles of evolution: genes that pro- 
gram individuals to do a better job at reproducing themselves 
will be passed down with increased frequency from one genera- 
tion to the next, and will eventually spread widely throughout 

a population. 
Which of the 100,000 genes that we carry increase the effi- 

ciency of reproduction? Actually, they all do, otherwise they 
wouldn’t be present within our genetic material. But most oper- 
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ate in ways that simply help our bodies survive long enough to 

reproduce, rather than in the process of reproduction itself. Of 
the genes that are involved directly in reproduction, most affect 
the physiological processes of sperm and egg production. Infer- 
tility is often caused by the dysfunction of one or more of 

these genes. 
In addition to genes that control the development, physiol- 

ogy, and structure of an animal are those that control behaviors 

and emotions that benefit the process of reproduction. There 
are genes that program a male bird to court a female and others 
that program the female to choose her mate wisely. There are 
genes that program a male dog to risk his life to copulate with 
a female in heat. And there are genes that control the develop- 
ment of the human brain so that it is predisposed to express 
behaviors and emotions that are beneficial to the reproductive 
success of the body it inhabits. 

There are many examples of instinctual behaviors—benefi- 
cial to reproduction—that we as humans share, to one degree 
or another, with certain animals. One of these is an innate fear 
of snakes, which helps to keep us alive before and during our 
reproductive years. A second is the desire to engage in sexual 
intercourse. In addition, there are those that are uniquely 
human, and one critical human instinct is the abstract desire to 

have children. 

It is easy to imagine how such a desire might have evolved 
in our ancestors. It probably began with the ability to generate 
and process abstract thoughts and make logical connections be- 
tween events that occurred far apart from each other in time 
and place. The fossil evidence suggests that our ancestors gained 
this intellectual capacity between one and three million years 
ago, during a period when the cerebral cortex underwent a large 

expansion in size. And what the increased intellectual capacity 
provided (as a byproduct) was the ability to make connections 
between sex, pregnancy, and babies. Once these connections 

were made, the stage could have been set for the evolution of 
the desire to have children. 
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People whose genes programmed them with this reproduc- 
tive desire (separate from a sexual desire) would be more likely 
to engage in activities that promoted successful pregnancy, 
childbirth, and parenting. Their children, in turn, would inherit 
the same genes and do the same for their children, and so on 
through each generation. Ultimately, the emotional desire to 
have children would spread throughout the entire species. 

Of course, most of us know people who are childless by 
choice. How does biology explain this? The explanation comes 
from the single attribute that uniquely defines us as human 
beings. We alone—among all animal species—have evolved the 
intellectual capacity to comprehend and, at times, counteract 
the natural predispositions provided to us by our genes. And 
under certain circumstances of environment, culture, or intel- 

lect, reproductive desires can be rejected in favor of other de- 
sires centered more on the self, on other human beings, or other 

life goals. 
For the vast majority of people, though, the desire to have 

children is so powerful that it outshines everything else they 
might possibly want to do during their lives. And the inability 
to fulfill the desire may be accompanied by a degree of pain 
and grief equivalent to that felt upon the death of a loved one. 
Unfortunately, 9 to 15 percent of all married couples are infer- 
tile. In the United States alone, there are more than two million 

couples right now who want to conceive and are unable to 
do so. 

INFERTILITY CAUSES AND CURES 

There are many causes of infertility. A man may not be able to 
produce sperm, he may produce too few sperm, or the sperm 
that he produces may be ineffective at completing the process 
of fertilization. Similarly, a woman may not be able to ovulate, 
she may produce eggs that are resistant to fertilization, or the 
zona coats around fertilized eggs and embryos may be resistant 
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to the hatching that must occur before implantation can take 
place. There may be other problems as well: A woman’s fallo- 
pian tubes may be blocked so that eggs can’t pass through, her 
reproductive tract might be chemically hostile to sperm that 
enter, or her immune system may destroy sperm as if they 
were foreign invaders. Any one of these problems can stop the 
reproductive process cold, so it’s not surprising that infertility - 
is SO pervasive. 

Steptoe and Edwards developed IVF as a method to treat 
only a small fraction of infertile couples, the 15 percent whose 
infertility was caused by a single problem—blocked fallopian 
tubes. With IVF, the fallopian tube can be bypassed entirely; 
an unfertilized egg is taken from the ovary and the product of 
fertilization is placed back into the uterus. 

Today, IVF can be used as a starting point to treat nearly 
every form of infertility that is not responsive to treatment by 
less invasive means. A reproductive tract or immune system that 

is hostile to sperm is no longer relevant. If a woman doesn’t 
ovulate naturally, hormones can be used to induce ovulation. 
If a man’s sperm concentration is too low, it can be increased 

in a test tube. If sperm can’t make it through the zona them- 
selves, they can be injected into the space between the zona 
and the egg. If the zona around the embryo is resistant to hatch- 
ing, it can be manually disrupted in the laboratory before the 
embryo is placed into the uterus for implantation. 

And if for any reason sperm and egg refuse to fuse no 
matter how well they are coaxed together, that’s no longer a 
problem either. For a single live sperm can be picked up in a 
tiny glass needle and injected directly into the egg cytoplasm, 
avoiding the process of fusion altogether. This protocol has been 
named Intra-Cytoplasmic Sperm Injection, and is given the ac- 
ronym ICSI. Although it was only developed in 1992, four years 
later, it was already used in a third or more of all IVF proce- 
dures performed at many large clinics in the United States and 
elsewhere. Up to 80 percent of the fertilized eggs that are cre- 
ated this way can proceed normally to at least the two-cell stage 
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of development. And the overall success rate—measured in 
terms of development from an embryo to a live-born baby—is 
no different from that achieved with traditional IVF. 

It is interesting to consider a philosophical iniplication of 
ICSI for those who believe that human beings come into exis- 
tence at the moment of fertilization. Although fertilization oc- 
curs over an extended time, the moment that most people think 
of when they use this phrase is when the sperm and egg fuse 
together. With ICSI, there is no sperm-egg fusion, but it can 
be argued that the moment of fertilization—and the creation of 
a human being—now occurs with the manual injection of the 
sperm into the egg cytoplasm. A central tenet of this philosophy 
is still the notion that the moment of fertilization represents a 

point of no return, when two cells cease to exist and in their 

place, there is just one. As the Vatican writes, “from the first 

instant, the program is fixed é 
But during a brief time after injection, the sperm is still 

alive as an independent cell—swimming in the egg cytoplaam— 
in the same sense that it was before injection. Furthermore, the 
rapid-response events induced by sperm-egg fusion (such as 

the barrier erected to prevent additional sperm from entering 
the egg) simply fail to occur with ICSI. This means that it’s 
possible to go back into the egg that we just fertilized and pull 
the sperm cell out; with this action, we could reverse the pro- 

cess and return to where we were before—with two living cells 
instead of one and no embryo. Thus, the real point of no return 

is no longer coincident with the point of fertilization. Of course, 
with cloning, a human being could be born in the absence of 
any fertilization event at all. 

With the development of ICSI, the concentration and qual- 
ity of sperm produced by a man are no longer an impediment 
to fertilization. But what if the man produces no sperm at all? 
Wouldn’t this be an insurmountable obstacle to reproduction? 

Not anymore. 

The sperm cells produced by a fertile man are formed 
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through the differentiation of round tailless cells called sperma- 
tids. Spermatids are testicular cells formed immediately after the 
genetic material has been reduced by 50 percent as I described 
in chapter 3. Most men who fail to produce sperm do carry less 
differentiated spermatids in their testes. And IVF practitioners 
have perfected ways for recovering these spermatids from the 
testes of infertile men and then plucking the nuclei—containing 
the genetic material—out of these cells. A single naked nucleus 
is then injected into the egg cytoplasm to initiate fertilization. 
The process is called Round Spermatid Nucleus Injection or 
ROSNI. 

But what about those men who fail even to make round 
spermatids? These men have no cells that have undergone a 
reduction in genetic material. So these men have no source of 
nuclei that could be used for injection into the egg. Incredibly, 
it now seems that even this severe defect will soon no longer 
be an insurmountable obstacle to reproduction. 

Ralph Brinster, at the University of Pennsylvania Veterinary 
School, has developed methods for taking the most immature 
stem cells in the testes, called spermatogonia, and placing them 
into a “foster testes” where they can differentiate normally into 
fully active sperm. It is even possible to take cells from one 
species and let them differentiate in the testes of another. The 
implication of Brinster’s results is that immature testicular cells 
could be taken from a man whose own testes did not support 
differentiation, and placed in a pig’s or bull’s testes, for example, 
that would now produce human sperm for use in IVF. We 
will come back to the bizarre implications of this practice in 
chapter 14. 

REPROGENETICS: BEYOND IVF AND INTO THE 
FUTURE 

Earlier I said that the birth of the first IVF baby represented a 
singular moment in human evolution. Yet medical science in 
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the twentieth century has had enormous success developing 
cures for many once-fatal illnesses. Why should a cure for infer- 
tility—and an imperfect one at that—be singled out as more 
important than all of the hundreds of other medical advances 
that have occurred during our lives? Aren’t cures for diseases 
that used to kill or lame children, in particular, more significant 

to our society? 

I don’t think a cure for infertility should be placed on a 
higher pedestal than the development of a polio vaccine or cures 
for childhood cancers. But this isn’t what I had in mind when 
I used the phrase “singular moment.” Rather, it was the convic- 
tion that although IVF was developed as a means for treating 
infertility, it will now serve as a stepping stone to many reproge- 
netic possibilities that go far beyond its original purpose. And 
because some of these possibilities may very well “change the 
nature of our species” as the editors of Nature put it, the devel- 
opment of IVF marks the point in history when human beings 
gained the power to seize control of their own evolutionary 
destiny. In_a very literal sense, IVF allows us to hold the future 
of our species in our own hands. 

The possibilities that open up with the successful use of IVF 
can be grouped into three broad categories. The manipulation of 
the embryo at the cellular level is the focus of Part II of this 

book, which you are now reading, as well as Part III. The sec- 

ond category involves the ability to move embryos from one 
maternal venue to another with implications for the meaning of 
motherhood, which is the focus of Part IV. Finally, it is by 

bringing the embryo out of the darkness of the womb and into 
the light of day that IVF provides access to the genetic material 
within. It is through the ability to read and alter genetic material 
inside the embryo that the full force of IVF will be felt, which 
is the focus of Part V. 
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WILL IT HAPPEN? 

Before I describe the reprogenetic objectives made possible by 
IVF, it is important to consider whether people would actually 
be willing to sever the link between sexual intercourse and ba- 

bies in an attempt to achieve some sort of reproductive goal, 
and whether they would be able to find professionals willing to 
work with them on the task. It depends, of course, on what 

the goal is. There’s a big difference between curing infertility, 
on the one hand, and trying to make sure that your child inher- 
its your curly hair on the other. More than 75 percent of Ameri- 
cans now feel that IVF is an acceptable solution to infertility, 

while many fewer accept its use for purely cosmetic reasons. 
But there are many reprogenetic goals that lie between these 
two extremes. Where will people draw the line? 

No matter where it is drawn today, it will almost certainly 

be drawn to include more reprogenetic possibilities in the com- 
ing years, and more still in the years after that. This is because 
breakthrough technologies are always viewed as alien when they 
first appear—many people are instinctively opposed to things 
they are not accustomed to. But as the physicians Sophia J. 
Kleegman and Sherwin A. Kaufman observed in 1966: “Any 
change in custom or practice in this emotionally charged area 
lof assisted reproduction] has always elicited a response from 
established custom and law of horrified negation at first; then 
negation without horror; then slow and gradual curiosity, study, 
evaluation, and finally a very slow but steady acceptance.” 

The public’s opinion of IVF has evolved in this very way. 
When news of its development by Steptoe and Edwards reached 
the media during the 1970s, there were editorials calling for 
the abandonment of all further research on “test tube babies.” 
And when the first IVF baby was born, most Americans found. 
the notion so bizarre that they wouldn't think about using it 
themselves. Over the ensuing decade, however, IVF has been 

transformed from an alien concept to a broadly accepted medi- 
cal approach for treating infertility. 
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Let’s consider the arguments that can be made against the 
possibility that IVF will be used for purposes other than the 
alleviation of infertility. The first argument is that people will 
not be willing to subject themselves to an alien technology that 
separates sex from reproduction just for the purpose of provid- 
ing their child with some advantage that she might not other- 
wise have. Either ethical or emotional concerns, or both, could 

be at the root of this unwillingness. 
The second argument concerns cost. Even if people had no 

objections to using the technology per se, they might not be 
willing to spend $30,000 or more for this purpose. 

The third argument is that even if people were willing to 
pay, they wouldn't be able to find clinics that were willing to 
provide the nonessential reprogenetic services that they desired. 
This could be for two reasons. First, the technical expertise itself 
might not be available. Second, those with the technical exper- 
tise might have ethical objections to using it in this manner. 

There is no doubt that in Western societies today, many 
people have a strong gut reaction against the use of reprogenetic 

technologies for nonmedical purposes. I observed this gut reac- 
tion when I asked a class of about one hundred seniors in a 
1996 “Biotechnology and Society” course at Princeton whether 
they would ever consider the use of genetic engineering on their 
own children-to-be for any reason. More than 90 percent said 
no. But when I presented a hypothetical scenario in which ge- 
netic engineering might be used to provide absolute protection 
against AIDS, and posed the question again, half changed their 
minds. In a matter of minutes, they switched from rejecting a 
reprogenetic technology to accepting it when presented with a 
specific example. 

What about the cost? Would $30,000 be too much to pay 
to ensure that a child would be born healthier or wiser, in some 

way, and better able to compete in the world? In fact, it is not 
uncommon for American parents to spend three times more 
than $30,000 over a four-year period to provide a child with a 
college education. And what is the point of this expenditure? 
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It’s to increase the chances that their child will become wiser, 

in some way, and better able to achieve success and happiness. 

If parents are willing to spend this money—with no guarantee 
of a return on their investment—after birth, why not before? 

Parents might be willing to spend this money, you might 
say, but only the wealthy will be able to afford it. This notion 
is belied by the entry of so many middle-class couples into 
current IVF programs. In a case that we’ll discuss in chapter 7, 
a Tennessee couple with a joint annual income of just $37,000 
was able to come up with the money required for seven separate 
IVF attempts at pregnancy over a four-year period. 

Finally, there’s the question of whether there will be clinics 
that are willing to provide these nonessential services. In this 
regard, there can be no doubt. IVF practitioners are expanding 
so rapidly that they are bound to reach a point where the pent- 
up demand from infertile couples is satisfied. And when this 
point is reached, if not sooner, some will go looking for new 
customers. 

Many practitioners, including those associated with major 
medical centers, may worry about ethical or political concerns 
before proceeding. But consider the countries—like Malaysia 
and Thailand—where IVF is being practiced successfully today; 
consider as well the hundreds of private clinics that operate in 
the United States; consider the amount of money to be made; 

and consider that as of January 1998 there are no federal laws 
that regulate private IVF practitioners in terms of the services 

they can offer to their clients. If there are people who desire and 
can pay for reprogenetic services, there will be others willing to 
provide them. 

You may protest still that IVF practitioners have learned 
how to play with embryos but don’t yet know how to play with 
genes. This may be true today, but genetic technology is even 
more widespread than IVF technology, and it can be learned 

with much less schooling. Every year, my colleagues and I send 
Princeton students with nothing more than a bachelor’s degree 
into the world with the knowledge and training required to 
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perform the genetic “miracles” I will discuss in this book. And 
every year, thousands of other young people complete their 
graduate studies in molecular biology and genetics programs at 
hundreds of universities. It seems inevitable that some of them 
will team up with IVF practitioners and reproductive scientists 

to provide reprogenetic services to the world. 



Frozen Life 

COMING IN FROM THE COLD 

“Suspended animation” is the popular term used to describe 

what happens when a living thing is frozen with the assumption 

that it will be thawed later to get on with its life. Scientists use 

the word cryopreservation to describe the same process. The cryo 

prefix comes from the Greek word kruos, which means icy cold, 

although the actual temperature used for cryopreservation 

(-196° Celsius or —320° Fahrenheit) is far below the freezing 
point of water. 

Freezing living things is easy, of course, but getting them 

to become reanimated upon thawing is more difficult. Obvi- 
ously, the success of cryopreservation must be judged—after 
the fact—by how well things come back to life. Cryopreserva- 

tion was first performed with success on various types of cells 
during the 1940s. In 1950, it was used successfully on bull 
sperm, and in 1953, it was shown that human sperm could 
also be frozen, stored for long periods, and then thawed with 

the ability to come out swimming, ready and able to fertilize 

an egg through artificial insemination. Today, sperm from both 

92 
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bulls and men are routinely stored frozen in sperm banks 
around the world. 

The first embryos to be successfully frozen and thawed were 
those of the mouse, in 1971. This success was followed within 
a few years by the successful cryopreservation of embryos from 
rabbits, sheep, goats, and cows. And, on March 28, 1984, Zoe 

Leyland became the first human child to be born from a frozen 
embryo in Melbourne, Australia. Since then, cryopreservation 
of human embryos has become a routine practice in all well- 
established IVF clinics. 

Just like the procedure of IVF itself, the successful applica- 
tion of cryopreservation requires attention to all sorts of details, 
including the speed at which the temperature is lowered during 
the process of freezing, the speed with which it is raised during 
thawing, and the physical and chemical environments that sur- 
round the embryo while this is all taking place. Researchers 
started by using conditions that worked well for various animal 
species, but in order to optimize the chances of successful 
human pregnancies, they needed to tinker directly with human 
embryos. With each experiment, one condition or another was 
slightly modified, and its effect on survivability and develop- 
mental potential after thawing was determined. Through this 
trial-and-error process, the chance of pregnancy with cryopre- 
served embryos has reached—in some clinics—that obtained 
with unfrozen embryos. 

IS THE FROZEN EMBRYO ALIVE? 

This is a problem of semantic as well as philosophical curiosity 
that we can try to solve by examining the attributes normally 

ascribed to biolife in its general form. The first consideration is 
whether the frozen embryo is using energy in the way that 

living things do. It is not. All of its molecules are at a near 
standstill, just vibrating slightly but not doing anything else. 
The animation it once had is now suspended. In this sense, a 
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frozen embryo is no different than a frozen inanimate object. In 
this sense, a frozen embryo is not alive. 

Next, we can ask whether the frozen embryo retains the 

structure and information that is characteristic of living things. 

Yes, it can. And not only does it retain these attributes, but it 

may continue to do so for hundreds of years, and even longer, 
if it is kept at the same temperature. In this sense, the frozen 
embryo is alive. 

A final question that might help us to resolve this stalemate 
is whether the frozen embryo has the potential to become reani- 
mated. Can it live again? Here there is no absolute answer. With 
the procedures used for cryopreservation today, some embryos 
are completely dead upon thawing, others are completely alive, 
and others still have a combination of both living and dead 
cells. If a sufficient number of cells in these mixed embryos is 
alive, the embryo as a whole can go on to develop into a live- 
born child. 

The difference between life and death is caused by small 
differences in the microenvironment experienced not only by 
each embryo, but by each embryonic cell, during the process 
of freezing or thawing. It may be impossible to know while an 
embryo is frozen whether it will have the potential to form a 
developing embryo again, let alone a live-born child. This ambi- 
guity makes “the potential for life” attribute inadequate for de- 
termining the living status of any individual frozen embryo 
before it is thawed. 

One is therefore drawn to the conclusion that the frozen 
embryo is neither alive, nor dead, but rather in a third, entirely 

different state. 

WHY FREEZE HUMAN EMBRYOS? 

Embryo freezing plays an important role in a typical course of 
IVF treatment conducted at the most technologically advanced 
IVF clinics. It allows more efficient use to be made of the ten 
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to thirty eggs retrieved during a single operation. Three or four 
can be transferred back into the woman immediately, while the 
others are frozen away in small groups. If pregnancy is not 
achieved, a group of embryos can be thawed and transferred at 
the critical point in her cycle during each subsequent month. 
Thus, the freezing protocol provides a way for women to avoid 
the physical stress of repeated hormonal stimulation of ovaries 
and egg retrieval. Furthermore, since this part of the procedure 
can account for up to 90 percent of the cost, the financial 
burden caused by multiple tries at IVF is greatly reduced. 

A second medical application of embryo cryopreservation is 
in special cases where women suffering from certain medical 
ailments are likely to lose the function of their ovaries or have 
their eggs destroyed or harmed. This could happen, for exam- 
ple, when a woman undergoes chemotherapy or needs to have 
her ovaries removed as a treatment for cancer. In these cases, 

and others, a young woman may not yet have made decisions 
about her reproductive goals. Egg and embryo freezing can pro- 
vide her with the option of putting off a decision until some 
time later. 

A third medical use of cryopreservation is in cases where 
eggs or embryos are donated by one woman to be used by 
another who is unable to produce her own. It is difficult to 
synchronize the ovulatory cycles of two women, yet this is es- 
sential for successful implantation when embryos are transferred 
directly from one woman to another. Cryopreservation elimi- 
nates this problem. Donated eggs can be fertilized and kept 
frozen until the appropriate time is reached in the second wom- 
an’s cycle, when her uterus is most receptive to implantation. I 
will discuss egg and embryo donation further in chapter 13. 

Embryo freezing can also be used for the purpose of genetic 
diagnosis. As we will discuss in chapter 17, it is possible to 
remove one or a few cells from individual embryos and then 
use sophisticated molecular techniques to determine whether 
particular genes are present or not. If the diagnostic method is 
time-consuming, it makes sense for clinicians to keep embryos 
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frozen while they await the results. When the results do come 
in, those embryos with the desired genetic constitution can be 
thawed and transferred into the woman’s uterus. 

There is a final use of cryopreservation that is political rather 
than medical. As evidence of its perceived importance, it was 
actually the first of five applications listed in a review article by 
Alan Trounson, an Australian pioneer of reprogenetic technol- 
ogy and the first to facilitate the birth of a baby from a frozen 
embryo. Trounson writes that cryopreservation provides “a solu- 
tion to the collection of excess oocytes and the development of 
more embryos than is required for transfer in human IVF.” In 
other words, to avoid killing embryos, you can freeze them . . . 
forever. Human embryos take up very little space, and billions— 
literally—could be stored in a single small tank of liquid nitro- 
gen. With cryopreservation, you can honestly say to the politi- 
cians that your clinic does not intentionally bring about the 
death of embryos during the course of an IVF protocol. 

Even before a single child had been bor from a frozen 
embryo, cryopreservation set off a media and political storm 
with a case of two “orphaned embryos” in the Australian clinic 
where Alan Trounson worked. A few years later, a “custody 
battle” in Maryville, Tennessee, demonstrated the sorts of unan- 

ticipated legal dilemmas that it could produce. And more re- 
cently, an attempt by the British government to regulate the 
practice with the mandated destruction of 3,000 embryos on 
the same day shows how confusing the issues can become. It 
is fascinating to consider the details surrounding each of these 
stories, and the way they played out in the media, the courts, 
and ultimately, the IVF clinics where the embryos were stored. 

ORPHANED EMBRYOS IN AUSTRALIA 

In June 1981, Mario and Elsa Rios traveled from their home in 

Los Angeles to an IVF clinic at the Queen Victoria Medical 
Center in Melbourne. They went to Australia because the United 
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States had only a few IVF clinics at that time, and all considered 

Elsa Rios to be too old for treatment at the age of thirty-seven 
(which would certainly not be a problem today). Elsa produced 
three eggs that were fertilized in vitro. One was implanted im- 
mediately. Elsa got pregnant, but miscarried soon after. The 
other two embryos were frozen in liquid nitrogen. Elsa was not 
ready emotionally to try IVF again, and the couple departed 
from Australia leaving the two frozen embryos behind. 

In April 1983, Elsa and Mario Rios died together in the 
crash of a small plane near Santiago, Chile. Suddenly, there 
were “orphaned embryos,” and no one knew what to do with 
them. The Australian IVF clinic had not thought to ask for— 
and the Rioses had not thought to provide—instructions, in the 
case of such an eventuality. 

At this point, the facts made an interesting news story, but 
when it was discovered that the Rioses had left behind an estate 
worth more than $8 million-without a will, a media explosion 
occurred. The headline in the Daily Telegraph (in England) read 
““Orphan’ Embryo (sic) Heir to Fortune.” Women from around 
the world volunteered themselves as surrogates to bring the 
embryos to term, dollar signs dancing in their heads. 

In response, the government of Victoria (the Australian state 
in which the IVF clinic was located) stepped in and appointed 
an independent commission to make a recommendation. In the 
summer of 1984, the commission reached a decision: the em- 

bryos should be thawed and “set aside in the laboratory,” a 
euphemism for their destruction. 

The commission reasoned that in the absence of any instruc- 

tions at all, the Rioses had clearly not given consent to have 
their children brought to term by another woman. Furthermore, 
since the embryos had been frozen before techniques of cryo- 
preservation had been perfected, their chances of survival were 

close to zero anyway. 
As might be expected, there was a right-to-life outcry at the 

thought of these little orphaned embryos being handed a death 
sentence. And in response to this outcry, the parliament of Vic- 
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toria passed a law that voided the commission’s recommenda- 
tion and specifically prohibited their destruction. 

In the meantime, a California court declared (and the au- 

thorities in Victoria agreed) that neither the embryos, nor the 
children they might become, had the right to claim inheritance 
of the multimillion dollar estate left behind by the Rioses. Not 
surprisingly, this greatly dampened interest among potential sur- 
rogate mothers. So while the minister of health in Victoria de- 
creed, in 1987, that the embryos should be thawed and 

transferred to the womb of a volunteer, they still remain in a 
state of limbo in a tank of liquid nitrogen in the Queen Victoria 
Medical Center in Melbourne. And there they will probably 
stay . . . forever. 

Some of you may be confused about what ethical dilemma 
was actually raised in this case. You're not alone. The embryos 
were produced to help Elsa and Mario Rios have a child whom 
they could raise as part of a family. When Elsa and Mario died, 
this reproductive goal could no longer be achieved. The Rioses 
never intended for someone else to have their child. So it seems 
logical that the embryos should be thawed and disposed of. 

But many politicians are anything but logical or consistent 
in the way they make policy. Although Australian women can 
choose to abort—and thus bring about the death of—fetuses 
that are much more developed than two frozen clumps of cells 
with little chance of survival under any circumstances, it’s the 
image of those poor little orphans that counts. Unfortunately, 
such nonsense will continue to prevail as long as there are 
politicians who fear the wrath of those who believe that micro- 
scopic embryos are equivalent to human beings. 

A CUSTODY BATTLE FOR EMBRYOS 
IN TENNESSEE 

Mary Sue wanted to be a mother. In 1979, at the age of eigh- 
teen, she married Junior Lewis Davis, and over the next four 
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years, she tried repeatedly to achieve a normal pregnancy. She 
actually got pregnant on five separate occasions, but in each 
case, the embryo implanted dangerously into a fallopian tube, 
not her uterus. The last of these ectopic pregnancies ruptured 
one of her tubes before it could be terminated, and her other 

tube was severed to avoid further repetitions of the same 
condition. 

At the age of twenty-two, Mary Sue was now infertile. Her 
only hope for getting pregnant was through the use of IVF. She 
entered a program directed by Dr. Ray King at the Fertility 
Center of Eastern Tennessee in Knoxville, and on six separate 
occasions over a period of four years, she underwent hormonal 

injections to produce eggs that were retrieved by laparoscopy, 
fertilized with her husband’s sperm, and allowed to develop 

into embryos before being transferred into her uterus. On all 
six occasions, the embryos failed to implant. 

After an attempt at adoption was scuttled when the birth 
mother decided to keep the baby, Mary Sue and Junior Lewis 
entered Dr. King’s IVF program one more time. At this point, 

Dr. King had introduced cryopreservation as a component of 
his IVF protocol. In December 1988, nine eggs were recovered 
from the ovaries of the twenty-seven-year-old woman to be fer- 
tilized with her husband’s sperm. The resulting embryos were 
allowed to develop in vitro to the four- to eight-cell stage when 
two were introduced into Mrs. Davis’s womb, while the other 

seven were frozen in liquid nitrogen. Once again, the introduced 
embryos failed to implant. 

Two months later, in February 1989, the Davises separated, 
and Junior Lewis filed for divorce. The frozen embryos quickly 
became a matter of contention. Mary Sue wanted to use the 

embryos in what she considered a last ditch effort to get preg- 
nant. But Junior Lewis had decided that he did not want a child 

born from the union between him and his estranged wife. 
“I consider them life,” Mary Sue responded. And to mollify 

her estranged husband’s concerns, she also said that she would 

raise the child by herself and would not ask for child support. 
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The divorce trial began on August 7, 1989, in Maryville, 
Tennessee. On the second day, Junior Lewis testified that he 
would feel “raped of his reproductive rights” if the embryos 
were “inserted in Mary or any other donor.” He said that he 
still felt the pain of his own parents’ divorce, and he strongly 

objected to bringing a child into the world under the same 
conditions. However, he was also strongly opposed to abortion 

and did not want to see the embryos destroyed. Rather, he. 

asked the court to grant “joint custody” of the embryos to him 
and Mary Sue, in which case they would remain frozen until 

both parties could agree on what to do with them. “(It) is a 

joint decision,” Junior Lewis testified. “Her input is just as 

important as mine. Hopefully she'll learn to understand they 
are part me as well as part her.” 

In contrast, Mary Sue asked that the embryos be made avail- 

able to her immediately so that she could attempt to have them 
implanted within her uterus. Outside the courtroom, she told 
reporters, “It’s not just his child, its my child too. They’ve 
already been conceived. I feel it’s my right to have my child.” 

Her attorney argued that the embryos should be treated as “pre- 
born children” whose best interest would be served by having 
them develop to term in Mary Sue’s body. 

Mary Sue desperately wanted to have a child and felt that 
her only chance in fulfilling this dream lay in the contested 
embryos that she had produced. Junior Lewis did not want to be 
a father and felt that his reproductive rights would be violated if 
Mary Sue implanted the embryos without his permission. How 
could one choose between these competing views when both 
appeared to be valid? 

One legal argument was that the embryos should be treated 
as property to be disposed of like other assets in a divorce 
proceeding. Typically, property can be divided equally between 
parties or awarded to one party while the other receives mone- 
tary compensation. Interestingly, the division of embryos 
today—in the literal sense—could lead to their multiplication 
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by cloning, which might have satisfied Mary Sue, but not Ju- 
nior Lewis. 

In fact, the trial court judge based his decision not on the 
desires of Mary Sue, and not on the desires of Junior Lewis, 

but on the perceived desires of the embryos themselves, as sug- 
gested by Mary Sue’s attorney. The judge started from the as- 
sumption that the embryos were children, not property, and on 
this basis, he made his ruling from the point of view of a 
custody dispute. In such a dispute, he said, the best interests 
of the children are paramount. In this case, the interests of the 
embryo-children were best served by allowing them to come to 
term within Mary Sue’s body. The fact that this ruling coincided 
with Mary Sue’s desires was of no consequence to the court. 

Junior Lewis appealed this decision and it was reversed by 
a higher court, which appeared to be substantially swayed by 
testimony presented by the bioethicist John Robertson. Robert- 
son had argued that the case should be decided “in favor of the 
person who would be hurt worse by losing.” By the time the 
higher court had reached its decision, Mary Sue had remarried 

and was no longer interested in having the embryos implanted 
into herself, but now wished to have them donated to another 

infertile couple. This change in situation clearly tipped the bal- 
ance in favor of Junior Lewis who had the most to suffer from 

being forced into parenthood against his will. 

It is interesting to ponder what the high court would have 
done if the original circumstances had remained unchanged and 
there really was no way to decide which party had the most to 
lose. Luckily, legal battles like this one and those that sur- 

rounded the orphaned Australian embryos are less likely to 
occur today for a very simple reason. IVF clinics have learned 
their lesson in the wake of these highly publicized cases, and 

they now work closely with lawyers to develop contracts that 
patients must sign before being allowed to proceed with any 
reprogenetic technology. These contracts clearly spell out how 
future embryos should be treated in the event of any imaginable 
scenario or dispute, including death and divorce. 
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ABANDONED EMBRYOS IN GREAT BRITAIN 

So long as decisions are based on agreements reached between 
patients and their doctors, it would seem that reason could 
prevail. But sometimes governments try to get into the act as 

well, and sometimes they cause more problems than they solve. 
This was the case with the British law passed in 1990 that 
required “parents” to give their consent to have frozen embryos 
stay in storage for longer than five years. The law came into 
effect on August 1, 1991. 

On July 31, 1996, the Washington Post story began: “Some 
3,000 frozen human embryos, essentially abandoned by their 
parents (sic), face destruction Thursday morning [August 1] 
under a British law that limits the storage of unclaimed in vitro 
fertilized eggs.” The parental consent requirement was being 
implemented for the first time on all embryos that had been 
placed into storage prior to the August 1, 1991, date. In the 
months before the 1996 deadline, the thirty-three clinics in- 
volved had tried to contact all of the couples who had not 
previously indicated what they wanted to have done with their 
long-storage embryos. About two-thirds were reached and gave 
their consent either to have their embryos stored longer, or to 
have them destroyed quietly before the deadline was reached. 

But as of July 31, 650 couples had still not been reached. 
Since they had obviously not given their consent to further 
storage, their embryos had to be destroyed according to the 
law. Unless the law is changed, additional embryos are likely 
to meet this same fate every week from this point on, as the 
five-year storage period associated with each draws to a close. 

As expected, the Vatican denounced the destruction as “a 

prenatal massacre,” and hundreds of women in Italy, including 
some nuns, offered to “adopt” the embryos in order to act as 
their legal guardians. The Catholic Church leadership in Britain 
argued that if the embryos must be destroyed, they should at 
least be given “a proper funeral.” 

Many others, who did not equate embryos with human be- 
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ings, were equally upset by the British mandate for a different 
reason. They saw the five-year time limit as entirely arbitrary 
and contrary to the rights of those who had placed the embryos 
in storage and could not now be reached for reasons that might 
be as simple as an address change. This was the very first time 
that a law had required the destruction of embryos without the 
consent of the couples that had produced them. Peter Brinsden, 
director of the Bourn Hall IVF clinic set up by Steptoe and 
Edwards, said that he contemplated going to jail—the penalty 
for violating the law—rather than destroying embryos without 
consent. 

Some would say that people who really cared about the 
continued storage of their embryos would have realized what 
was going on from the massive media blitz and would have 
gotten in contact with their IVF clinics on their own. By this 
line of reasoning, most of the unclaimed embryos really were 
abandoned and not deserving of further storage, while the em- 
bryos of concerned “parents” could remain safely frozen. But 
on August 1, 2001, even concerned “parents” will have no re- 

course to prevent the death of their embryos. For on that day, 

the same British law that requires consent for embryo storage 
longer than five years also mandates the destruction of all em- 
bryos that have been kept in storage for ten years. This destruc- 
tion is required by law even if those who produced the embryos 
request otherwise. In the United States (in 1997), there is no 

federal law that places any similar restrictions on the practice 
of IVF, cryopreservation, or any other reprogenetic technology. 

IN SUSPENDED ANIMATION 

With the ability to keep embryos floating indefinitely in sus- 
pended animation, it becomes possible to place large distances 
in time and space between the producers of the embryos—the 

genetic parents—and the children that emerge from them. 
This raises the fanciful possibility of parents arranging for 
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their children to be born long after they are gone. Most people 
would not want to do this. Most choose to become parents so 
that they themselves can experience the lives of their children. 
But a few may revel in the idea of a kind of time travel. While 
they can’t go into the future, they can put their children there. 
They could establish a trust with the legal authority to look 
after their frozen embryos and to pay handsome sums of money 
to a future woman who was willing to act as a surrogate to 
bring them to life, and to others willing to act as foster parents. 
Perhaps they would arrange for their children to be born near 
the end of the third millennium, in the year 2998. 

Or we can go back two thousand years and imagine what 
could have happened if this technology had been available to 
Cleopatra and her lover, Julius Caesar. Their children could be 
living among us today. 



PART THREE 

CLONING 

Let us make man in our image, after our 

likeness. 

—GENESIS 1: 26 





From Science Fiction to Reality 

FEBRUARY 23, 1997 

On the last Sunday in the month of February, in the third year 
before the end of the second millennium, the world woke up 
to a technological advance that shook the foundations of biology 
and philosophy. On that day, we were introduced to Dolly, a 
six-month-old lamb who had been cloned directly from a single 
cell taken from the breast tissue of an adult donor. 

There were lead stories on every television and radio news 
broadcast and headline banners on the front page of every news- 
paper around the world. And for weeks afterward, it didn’t let 
up. Story after story came out discussing the stunning implica- 
tions of this monumental achievement. On the streets, in offices, 

on campuses, and in classrooms, people couldn't stop talking 
about it. One little lamb had succeeded in changing our concep- 
tion of life forevermore. 

Perhaps more astonished than any of their neighbors were 
the scientists who actually worked in the field of mammalian 
genetics and embryology. Outside the lab where the cloning 
had actually taken place, most of us thought it could never 
happen. Oh we would say that perhaps at some point in the 

107 



108 & REMAKING EDEN 

distant future, cloning might become feasible through the use 

of sophisticated biotechnologies far beyond those available to 

us now. But what we really believed, deep in our hearts, was 

that this was one biological feat we could never master. New 
life—in the special sense of a conscious being—must have its 
origins in an embryo formed through the merger of gametes 

from a mother and father. It was impossible, we thought, for a 

cell from an adult mammal to become reprogrammed, to start 
all over again, to generate another entire animal or person in 

the image of the one born earlier. 

How wrong we were. 

Of course, it wasn’t the cloning of a sheep that stirred the 

imagination of billions of people. It was the idea that humans 
could now be cloned as well in a manner akin to taking cuttings 

from a plant, and many people were terrified by the prospect. 
Ninety percent of Americans polled within the first week after 
the story broke felt that human cloning should be banned. And 

the opinions of many media pundits, ethicists, and policy- 

makers, though not unanimous, seemed to follow those of the 

general public. The idea that humans might be cloned was 

called “morally despicable,” “repugnant,” “totally inappropriate,” 

as well as “ethically wrong, socially misguided, and biologi- 
cally mistaken.” 

Many of the scientists who work directly in the field of 
animal genetics and embryology were dismayed by all the atten- 

tion now directed at their research. Most unhappy of all were 
those associated with the biotechnology industry, which has the 
most to gain in the short-term from animal applications of the 

cloning technology. Their fears were not unfounded. In the af- 
termath of Dolly, polls found that two out of three Americans 

considered the cloning of animals to be morally unacceptable, 
while 56 percent said they would not eat meat from cloned 

animals. The British government decided to “reward” the scien- 
tist actually responsible for Dolly’s creation, lan Wilmut, with 
the withdrawal of all further funds for his research. Clearly, 
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nervous politicians wanted to distance themselves as far as pos- 
sible from his controversial achievement. 

It should not be surprising, then, that many scientists in 
the field tried to play down the possibility of human cloning. 
First they said that it might not be possible at all to transfer 
the technology to human cells. And even if human cloning is 
possible in theory, they said, “it would take years of trial and 
error before it could be applied successfully,” so that “cloning 
in humans is unlikely any time soon.” And even if it becomes 
possible to apply the technology successfully, they said, “there 
is no clinical reason why you would do this.” And even if a 
person wanted to clone himself or herself or someone else, he 
or she wouldn't be able to find trained medical professionals 
who would be willing to do it. 

That’s not what science, history, or human nature suggest 
to me. The cloning of Dolly broke the technological barrier. 
There is no reason to expect that the technology couldn't be 
transferred to human cells. On the contrary, there is every rea- 
son to expect that it can be transferred. It requires only equip- 
ment and facilities that are already standard or easy to obtain 
by biomedical laboratories and free-standing in vitro fertilization 
clinics across the country and across the world. Although the 
protocol itself demands the services of highly trained and skilled 
personnel, there are thousands of people with such skills in the 
United States alone. 

It is not a question of whether human cloning will work, 
but whether it could be used safely or not. Historical precedent 
suggests that reprogenetic service providers may not even wait 

until this question has been resolved. The direct injection of 
sperm into eggs (ICSI) as a cure for infertility was embraced by 
the IVF community as soon as the technique was perfected, 
long before any consequences to the children born could be 
ascertained. And as we shall see, the demand for cloning from 
individuals and couples is sure to be stronger than the demand 
for ICSI. 

Before we take a closer look at who might want to use 
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human cloning as means for reproduction, and what their rea- 

sons are, it is worthwhile to start at the beginning with answers 

to some basic questions. What is a clone? How was Dolly made? 
And why does she terrify so many people, even as she thrills a 

few others? 

FROM PLANTS TO TADPOLES, 

BUT NOT MICE 

The word clone first appeared in the language of science at the 
beginning of the twentieth century to describe “groups of plants 
that are propagated by the use of any form of vegetative parts.” 
Since that time, cloning has been used to describe the process 
by which a cell, or group of cells, from one individual organism 
is used to derive an entirely new organism, which, according 
to the definition, is a “clone” of the original. When multiple 
individuals are cloned from a single ancestor, they are all con- 
sidered to be “members of a clone.” The critical defining charac- 

teristic of a cloned individual is that it is genetically identical to 
the ancestral cell or organism from which it is derived, as well 
as to any other clones derived from the same ancestor. 

Among single-cell organisms like bacteria, cloning is as nat- 
ural as can be. When bacterial reproduction takes place through 
cell division, the two daughter cells are clones of each other. 

Plants, on the other hand, normally reproduce sexually through 
the production of fertilized seeds that contain new combinations 
of genetic material not found in their parents. With human 
intervention, however, most plants can easily be cloned through 
the use of cuttings or bulbs—vegetative parts—from “donor 
parents.” 

The word clone would never have entered the public lexicon 
if it had remained in the provenance of plants and microbes. 
However, in the 1960s, the attempts of a British embryologist 
named John Gurdon to clone a vertebrate animal—the frog— 
reached the eyes and ears of the media. 
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The cloning of animals had to proceed in a very different 
manner from the cloning of plants. It is not possible simply to 
take a cell from an adult, place it in an embryonic environment, 
and then expect it to revert to an embryonic form-from which 
a whole new animal could develop. The reason this approach 
won't work is that animal cells are much less flexible than plant 

cells in terms of their developmental potential. Plants always 
develop in response to their environment, and even when two 
plants have identical genetic material, they grow into very differ- 
ent structures. In addition, many differentiated plant cells have 
the capacity to transform themselves into totally different types. 
So when a branch is cut off from one plant and provided with 
water, it can sprout new roots and become a whole new plant. 

In contrast, differentiated animal cells are greatly restricted 
in their developmental capacity, as we discussed in chapter 4. 
Each cell in the body of an adult is committed to a particular 
function. No normal adult cell—other than a sperm or an egg— 

has the ability to transform itself into a completely different 
type of cell. Liver cells cannot become brain cells and skin cells 
cannot be transformed into early embryo cells. Why is this so, 

you may ask, when every cell has the same genetic material? If 
the genetic material is all there, it might seem as if there should 
be some way to convert an adult cell back into an embryonic 
cell. 

The problem is that each type of cell looks the way it does 
and performs the functions that it does because it is pro- 
grammed to “read” only a well-defined portion of its total ge- 
netic material. The programming is accomplished by the 
presence of hundreds or thousands of special protein signals 
that sit securely on the DNA, instructing some genes to function 
and other genes to remain silent. In order for a skin cell to 
become converted into an embryonic cell, its entire genetic pro- 
gram would have to be altered in a particular way, and this 
could only be accomplished by a massive, but highly precise, 
substitution and reshuffling of the protein signals that are 
attached to the genetic material. 
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In theory, the simplest way to get around this problem 
would be to extract the genetic material from a single skin cell, 
strip away its associated protein signals, and then place this 
genetic material inside an egg cytoplasm whose own genetic 
material had been previously removed. The egg cytoplasm con- 
tains all of the particular protein signals required for starting 
the embryonic program of gene expression. These signals would 
hop onto the naked DNA and development would be initiated 
into a clone of the individual who donated the adult genes. 

There are major technical problems that make this approach 
daunting, if not impossible. One is that the skin cell’s signals are 
tightly bound to the genetic material and not easily removed. A 
second, more serious problem is that naked genetic material of the 
size present in animal cells always breaks apart when it is handled, 
no matter how gently. And when DNA molecules break, they can- 
not be transmitted accurately to daughter cells with each cell divi- 
sion. Thus, even if it were possible to place all the DNA from a 
single skin cell into an egg cytoplasm, the resulting embryo would 
have no chance of developing into an adult animal. 

So, at the very start, scientists decided to use the next best 

thing to naked DNA—an isolated single-cell nucleus with a mem- 
brane that acts as a protective shield against chromosome damage 
when it is picked up from one cell and placed into another. The 
unavoidable downside of this approach is that some of the original 
cell’s signals—those attached to the DNA and others present in 
the nucleus—are brought along with the foreign genetic material 
into the cytoplasm of the embryonic cell. 

The use of “nuclear transplantation” as a means toward the 
cloning of animals was first developed by Robert Briggs and 
Thomas King working at the Institute for Cancer Research in 
Philadelphia during the early 1950s. The frog was chosen for 
these experiments because its eggs are very large and readily 
accessible to manipulation. Although Briggs and King never 
reached their goal of cloning from adult cells, they set the stage’ 
for John Gurdon, who finally succeeded in using this method 
to obtain tadpoles during the mid-1960s. 
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The cloning of frogs was never easily accomplished. After 
transplanting thousands of nuclei extracted from adult skin and 
gut cells, Gurdon’s success rate was still abysmally low, and the 
few animals he obtained developed only to the tadpole stage be- 
fore dying. It is certainly possible—and with hindsight, it now 
seems likely—that Gurdon’s difficulties were mainly a conse- 
quence of the primitive equipment and technology available at 
that time. For even a small amount of damage to nuclei or recon- 
structed eggs could have drastic consequences on development. 

But, most scientists interpreted Gurdon’s essentially negative 
results differently. Rather than blaming the technology, we 
blamed mother nature herself. In an almost religious way, we 
assumed the existence of a basic biological principle: adult cell 
nuclei cannot be readily reprogrammed back to an embryonic 
state. The rare adult donor nucleus that did turn into a tadpole 
was presumed to have come from an aberrant cell. And if a 
tadpole could be obtained only rarely, it seemed reasonable to 
assume that it would never be possible to clone adult cells of 
more highly developed mammalian species—like human be- 
ings-—into healthy live-born children. 

Indeed, in 1984, when the highly respected embryologist 
Davor Solter, and his student James McGrath, reported on an 

extensive series of nuclear transplantation studies—with better 
equipment and technology—on mouse eggs, their results 
seemed to validate this basic biological principle. The conclud- 
ing sentence of their publication in the journal Science stated 
that “the cloning of mammals by simple nuclear transfer is bio- 
logically impossible.” 

CLONING ENTERS PUBLIC CULTURE 

Although scientists viewed Gurdon’s results in one light, popu- 
larizers of science viewed it in quite another. The fact that even 
a single frog had been cloned led to the suggestion that cloning 
would be possible with human beings. The idea began to filter 
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into the public consciousness during the late 1960s and was 
firmly planted there with the 1970 publication of Alvin Toffler’s 
sensational, and still influential, Future Shock. Toffler wrote, 

“One of the more fantastic possibilities is that man will be able 
to make biological carbon copies of himself. . . . Cloning would 
make it possible for people to see themselves anew, to fill the 
world with twins of themselves. . . . There is a certain charm 
to the idea of Albert Einstein bequeathing copies of himself to 
posterity. But what of Adolf Hitler?” 

Just as the concept of cloning was being absorbed by the 
public, it was parodied by Woody Allen in his 1973 movie 
Sleeper. Allen plays the mild-mannered Miles Monroe who is 
transported two hundred years into the future and is mistaken 
for the chief surgeon charged with the task of bringing back 
the recently deceased “Leader” of the country. While the Leader 
has met with an untimely death, his nose has been kept alive 
for nearly a year through a “massive biochemical effort.” Miles 
Monroe is supposed to clone The Leader’s whole body from his 
nose, as the top biomedical scientists of this future country 
watch from an operating room observation deck. Allen toys with 
the dual meaning of life—cellular versus conscious—when his 
character kidnaps the nose and threatens to shoot it if he is not 
allowed to go free. 

Five years later, the 1978 movie The Boys from Brazil, based 

on a book by Ira Levin, took up Toffler’s more menacing idea 
of a Nazi plot to clone an army of latter-day Adolf Hitlers. And 
that same year, the J. B. Lippincott Company published a sup- 
posed nonfiction book by the science writer David Rorvik enti- 
tled In His Image: The Cloning of a Man. Rorvik claimed to tell 
the story of a “worldly, self-educated, aging millionaire” who 
wanted an heir and succeeded in obtaining “not exactly a son,” 
but rather his genetic equivalent through the use of the same 
nuclear transplantation technique that John Gurdon had used 
to clone frogs. Rorvik never provided evidence in support of 
his claim, and several years later his publisher was forced to 
admit the book was a hoax. 
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By the early 1980s, the notion of cloning had become en- 
trenched in popular culture, appearing again and again in mov- 
ies, television shows, and science fiction novels. And it entered 

the inanimate world as well, with clones of computers and even 
perfumes. Clones were seen as almost, but not quite, perfect 
copies of the original, usually cheaper and assumed to be not 
as “sharp” in some way. 

But even as clones flooded the popular imagination, very 
little in the way of new scientific results was publicized. Some 
people knew that frogs had been cloned, but it seemed that no 
real scientific progress had been made beyond that organism. 
And then in 1993, the silence was shattered with a report that 
two George Washington University scientists, Jerry Hall and 
Robert Stillman, had “cloned human embryos.” 

The Hall-Stillman experiment caused a brief media stir far 
out of proportion to what had actually been accomplished. Hall 
and Stillman had simply taken seventeen early human embryos, 
between the two-cell and eight-cell stages, removed their zona 
coats, and then separated each of the cells in each embryo apart 
from its neighbors. Each individual cell was next surrounded 
by a synthetic zona coat and allowed to develop in a laboratory 
dish by itself. After a few days, Hall and Stillman found forty- 
eight newly formed embryos developing in a normal manner. 
The experiment was terminated at this point—out of ethical 
consideration—and the embryos were discarded. 

Embryo cloning is a far cry from adult cell cloning. If the 
Hall-Stillman experiment had been taken to its logical endpoint, 
it might have been possible to obtain the birth of identical twins 
or triplets. But even the normal practice of IVF results in the 
birth of twins or triplets, albeit nonidentical ones. And the old- 
fashioned method of reproduction through intercourse produces 
a million pairs of newborn identical twins, a lesser number of 
identical triplets, and perhaps a handful of identical quadru- 
plets, around the world each year. So what Hall and Stillman 
had accomplished in the laboratory was equivalent to a well- 

known natural process. 
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Still, even this mimicry of nature provoked immediate out- 
rage from many political corners. The Vatican called it a “per- 
verse choice” and a “venture into a tunnel of madness.” Biotech 
critic Jeremy Rifkin said it heralded “the dawn of the eugenics 
era,” and he organized protest rallies outside the institution 
where it had taken place. The European Parliament voted unani- 
mously to ban cloning because it was “unethical, morally repug- 
nant, contrary to respect for the person, and a grave violation 
of fundamental human rights which cannot under any circum- 
stances be justified or accepted.” And this was all because two 
scientists had gently teased single embryos apart into two, three, 
or four separate cells that grew for a few days by themselves 
before fading away. 

I suspect that if the word clone had not been used to de- 
scribe what Hall and Stillman had done, the media would never 

have jumped on the story. As it was, two weeks passed between 
their presentation at a scientific meeting and the first headline: 
“Scientist Clones Human Embryos and Creates an Ethical Chal- 
lenge.” It was the ominous juxtaposition of those two words— 
clones human—that brought on the hysteria. 

FROM EMBRYOS TO ADULTS 

While the cloning of Dolly from an adult cell was unquestion- 
ably a giant leap forward in reproductive technology, it was a 
leap that began from a sturdy platform of technical advances: 
that built quietly upon one another over the preceding fourteen 
years. The first step was accomplished at the Wistar Institute 
in Philadelphia in 1983, where Davor Solter and Jim McGrath 
established a protocol for transferring nuclei from one mouse 
embryo to another. Their work was critically important for two 
reasons. First, it demonstrated the general feasiblity of using 
nuclear transfer technology in mammals. Second, it introduced 

a modification of the technique used in frogs that greatly in- 
creased the rate of embryo survival. Instead of isolating nuclei 
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away from their cellular encasement, as Gurdon had done, 

Solter and McGrath chose to keep nuclei properly protected 
within their cytoplasmic environments surrounded by a cellu- 
lar membrane. . 

The actual protocol began with the removal and elimination 
of the nuclei that were already present within the recipient em- 
bryo. Then the donor cell was placed in the space between the 
zona coat and the embryo itself, and the two cells were induced 
to fuse with a special chemical agent or an electrical pulse. 

Although they referred to this protocol as “nuclear trans- 
plantation’—and it has been referred to in this manner ever 
since—Solter and McGrath never transplanted nuclei directly 

into recipient embryos. Rather, they implanted donor cells next 
to embryos and then allowed a fusion event to bring the donor 
nucleus into the cytoplasm of the recipient cell. By keeping 
donor cells intact until the moment of fusion, Solter and 

McGrath succeeded in protecting the genetic material within. 

Their protocol was so efficient and safe that 90 percent of em- 
bryos reconstructed with nuclei from other early embryos sur- 
vived and developed properly. 

The next advance on the way to Dolly was accomplished in 
1986 by Steed Willadsen, who was working at the ARFC Institute 
of Animal Physiology in Cambridge, England. What Willadsen did 
differently from Solter and McGrath was to use nuclear-free unfer- 
tilized eggs, rather than one-cell embryos, as recipients for donor 

nuclei. The logic behind this decision is based on the notion that 
an unfertilized egg is chock full of signal proteins waiting patiently 
to pounce onto the naked DNA that it expects to receive from the 
fertilizing sperm cell. And if the egg is presented with a donor 
nucleus instead, the egg’s signal proteins won’t know the differ- 
ence—they’ll blindly try to pounce onto the donor cell DNA with 
the same vengeance. This logic was validated when Willadsen re- 
ported the birth of healthy lambs that had been cloned from donor 
cells derived from 8-cell embryos. 

Eight more years went by before another important advance 
in cloning was made by’Neal First at the University of Wiscon- 
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sin in 1994. This time the species was the cow, the donor cells 
were obtained from an even later embryonic stage, and four 
calves were born. What First didn’t realize, however, was the 

probable reason for his success. It turns out that a technician 
in First’s laboratory had mistakenly not provided the donor em- 
bryo cells with nourishing serum that all cells need to grow 
properly. As a result, the donor cells stepped out of their normal 
cycle of growth and division and paused in a type of hibernation 
phase known to scientists as GO. Could it be that cells in this 
special state of hibernation might be more amenable to cloning 
than other cells? Perhaps the signal proteins sitting on the DNA 
in these cells are more easily dislodged by the ones waiting in 
the egg cytoplasm. 

Keith Campbell and Ian Wilmut at the Roslin Institute in Ed- 
inburgh, Scotland, were intrigued by this possibility, and they set 
about trying to test it with their favorite animal, the sheep. They 
easily obtained lambs after nuclear transplantation from nine-day- 
old embryo donor cells, and they extended their success to donor 

cells obtained from embryo-like cultures grown over a period of 
weeks in a laboratory dish. They reported their results in a March 
1996 paper entitled “Sheep Cloned by Nuclear Transfer from a 
Cultured Cell Line.” And then they moved on to more advanced 
donor cells, using precisely the same techniques. 

Dolly was born at 5:00 p.m. in the afternoon on July 5, 1996. 
She resulted from the fusion of a nuclear-free unfertilized egg with 
a donor cell obtained from the mammary gland of a six-year-old 
ewe. She was the first mammal to be cloned from an adult cell, and 

is a generation removed from the fertilization event that actually 
brought together the gametes from her genetic parents. 

Dolly’s existence was announced to the scientific community 
in a paper published in the journal Nature on February 27, 
1997. Unnoticed in the commotion surrounding this one lamb 
is the fact that two others were also cloned from skinlike cells 
obtained from a fetus. The birth and survival of three healthy 
lambs from highly differentiated donor cells provides a clear 
demonstration that the cloning of a lamb was not a fluke. 



Human “Cuttings’’ 

FROM SHEEP TO PEOPLE? 

Dolly is only a ewe, and as I write these words, a human being 
has yet to be cloned. What are the chances that it will happen? 
How likely is it that the technology developed in sheep could 
be transferred to our own species? And how quickly could it 
come about? 

Answers to these questions are grounded in the understand- 
ing that embryos of all mammals undergo early development in 
a very similar way, although there are small differences among 
species. If cloning is more dependent on the similarities among 
mammals than their differences, then human cloning will be 
possible. This proposition can be tested through attempts to 
clone a variety of mammalian species. 

As far as the technique of nuclear transfer goes, the results 
are already in. Even before the announcement of Dolly, scien- 
tists at many institutions had succeeded in producing cows, 
pigs, goats, rabbits, and mice from embryos with transplanted 
nuclei. And within a week after the Dolly announcement, scien- 
tists at the Oregon Primate Research Center in Beaverton re- 
ported the first successful nuclear transfer in a primate species, 
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the rhesus monkey. If nuclear transplantation works in every 

mammalian species in which it has been seriously tried, then 

nuclear transplantation will work with human cells. The monkey 
result, in particular, is the clincher because humans are nothing 

more than glorified monkeys when it comes to embryonic 

development. 
At the time of writing, however, Dolly remains the only 

animal born after nuclear transfer from an adult donor cell. 
There is no reason to expect that adult human cells won't make 
good nuclear donors, but we won't know for sure until experi- 

ments with other species (especially monkeys) are completed, 
which will almost certainly come to pass within the next sev- 
eral years. 

For human beings, though, it’s not just a question of 
whether it could work, it’s a question of whether it could work 
safely. A basic principle of medical ethics is that doctors should 
not perform any procedure on human subjects if the risk of 
harm is greater than the benefit that might be achieved. In the 
case of cloning, this principle would oblige physicians to refrain 
from practicing the technology unless they were sure that the 
risk of birth defects was no greater than that associated with 
naturally conceived children. 

Many of the media reports that described the birth of Dolly 
emphasized the fact that the success rate was only 1 in 277 
“tries.” The implication—sometimes stated explicitly—was that 
many lambs died or were born with genetic malformations. But, 
this is a misunderstanding of what the number 277 actually 
represented in the published report. What it stood for was the 
number of fusions that were initially obtained between donor 
cells and unfertilized eggs. Only 29 of these fused cells actually 
became embryos, and these 29 embryos were introduced into 
13 ewes, of which one became pregnant and gave birth to Dolly. 
If safety is judged by the proportion of those lambs born who 
were in good health, then the record to date is perfect (albeit 
with a rather small sample size). 

In fact, there is no scientific basis for the belief that cloned 
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children will be any more prone to genetic problems than natu- 
rally conceived children. The most common type of genetic 
birth defect results from the presence of an abnormal number 
of chromosomes. Trisomy 21, responsible for Down syndrome, 
is the most prevalent example. Abnormalities of this class are 
caused by mistakes that occur when the genetic material is re- 
duced by half during the process of sperm or egg formation. 
With cloning, there is no reduction in genetic material, and the 

chance that mistakes of this type will occur is greatly reduced. 
The second most common class of genetic abnormalities 

results from the inheritance of two mutant copies of a gene that 
were each carried silently within the two parents. Examples 
from this class include Tay-Sachs disease, sickle cell anemia, 

cystic fibrosis, and PKU. With cloning, any silent mutation in 
the donor will remain silent within the newly formed embryo 
and child as well. 

Finally, much less frequently, a new mutation can occur in 

the genetic material of the egg or sperm and lead to a birth 
defect in the person that is born. With cloning, there is the 
same low probability of a new mutation in the genetic material 
brought in with the donor nucleus. 

Surprisingly, what all of these comparisons suggest is that 
birth defects in cloned children could occur less frequently than 
birth defects in naturally conceived children. There is, however, 

no way to predict whether cloned children would be just as 
healthy, as a group, as all other children until direct data on 
large numbers of cloned animals are obtained. Experiments are 
now underway to clone many other species from adult cells. 
And an answer to the question of cloning’s effect on health and 
aging is likely to come most quickly with small animals like 
mice that have a naturally short life span. If cloning is found 
to have no effect on the health or life span of experimental 
animals, it would be reasonable to conclude that the same 

would hold true for human beings. And with this conclusion, 
a major—if not the major—objection to human cloning will 

be eliminated. 
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Even if experiments in animals demonstrate the safety of 

cloning, there is still a question of feasibility. Critics point out, 

once again, that only 1 lamb was born after 277 attempts and 

conclude that the efficiency of the protocol is so low as to make 
it impractical for use with human beings. Once again, though, 
the critics are mistaken. No matter how you look at the num- 

bers, they are better than those obtained during the initial devel- 
opment of human IVF. Steptoe and Edwards worked with 
hundreds of eggs, over more than a decade, to perfect the pro- 
cess of fertilization in a laboratory dish. They then introduced 
embryos into women on dozens of occasions before achieving 
the birth of Louise Brown. And for years after this first birth, 

the average IVF success rate—calculated as the proportion of 
women who gave birth after receiving embryos—was less than 
the 1 in 13 reported in the Dolly experiment. Nevertheless, 
thousands of couples were willing to spend tens of thousands 
of dollars on the off chance that they would be the ones who 
went home with a baby. 

With time, of course, technical improvements have in- 

creased the efficiency of IVF, and there is every reason to believe 

that the efficiency of cloning could be similarly improved as 
long as experimentation along these lines is allowed. Indeed, 
within six months of the announcement of Dolly’s birth, in 
August 1997, a small Wisconsin company reported the birth of 
a group of entirely healthy calves cloned by a new improved 
protocol one hundred times more efficient than the Wilmut 
approach. The implications for the feasibility of human cloning 
are as clear as can be. 

Once questions of safety and efficiency are eliminated, will 

there be medical professionals who would be willing to do it? 
Of this, there can be no doubt. Many IVF clinics already per- 
form sperm injection into unfertilized eggs (ICSI), which uses 
the same equipment and differs only in detail from the cloning 
protocols described to date. With a little practice on some spare 
eggs, skilled IVF practitioners could quickly master the pub- 
lished techniques and improve upon them. And within three 
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weeks of the announcement of Dolly’s birth, I learned through 
casual conversation of two prominent IVF practitioners in differ- 
ent countries who were anxious to move ahead with selected 
“patients.” If, without even looking, I could find two doctors 
who were willing to clone people, imagine how many more 
must be out there among the thousands who have the skills to 
do it. 

CLONING MISPERCEPTIONS 

Why do four out of five Americans think that human cloning 
is “against God’s will’ or “morally wrong”? Why are people so 
frightened by this technology? One important reason is that 
many people have a muddled sense of what cloning is. They 
confuse the popular meaning of the word clone, and the specific 
meaning it takes on in the context of biology. 

In its popular usage, clone refers to something that is a 
duplicate, or cheaper imitation, of a brand-name person, place, 
or thing. The British leader Tony Blair has been called a clone 
of Bill Clinton, and an IBM PC clone is not only built like an 
IBM PC, it behaves like an IBM PC. It is this popular meaning 
of the word that caused many people to believe that human 
cloning would copy not just a person’s body, but a person’s 
consciousness as well. This concept of cloning was at the center 
of the movie Multiplicity, which was released just months before 
the Dolly announcement. In it, a geneticist makes a clone of 

the star character played by Michael Keaton and explains that 
the clone will have “all of his feelings, all of his quirks, all of 
his memories, right up to the moment of cloning.” The clone 
himself says to the original character, “You are me, I am you.” 
It is this image that Jeremy Rifkin probably had in mind when 
he criticized the possible application of the sheep cloning tech- 
nology to humans by saying, “It’s a horrendous crime to make 

a Xerox [copy] of someone.” 
But this popular image bears absolutely no resemblance to 
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actual cloning technology, in either process or outcome. Scien- 

tists cannot make full-grown adult copies of any animal, let 

alone humans. All they can do is start the process of develop- 

ment over again, using genetic material obtained from an adult. 
Real biological cloning can only take place at the level of the 
cell—life in the general sense. It is only long after the cloning 
event is completed that a unique—and independent—life in the 
special sense could emerge in the developing fetus. Once again, 
it is the inability of many people to appreciate the difference 
between the two meanings of “life” that is the cause of 
confusion. 

A second reason people fear cloning is based on the notion 
that a clone is an imperfect imitation of the real thing. This 
causes some people to think that—far from having the same 
soul as someone else—a clone would have no soul at all. Among 
the earliest popular movies to explore this idea was Blade Run- 
ner, in which synthetic people were produced that were just 
like humans in all respects but one—they had no empathy. 
(Coincidentally, Blade Runner was based on a 1968 book by 
Philip K. Dick entitled Do Androids Dream of Electric Sheep.) 
And the same general idea of imperfection is explored in Mullti- 
plicity when a clone of the Michael Keaton character has himself 
cloned. The clone of the clone is a dimwitted clown because, 

as the original clone says, “Sometimes you make a copy of a 
copy and it’s not as sharp as the original.” 

The Irvine, California, rabbi Bernard King was seriously 

frightened by this idea when he asked, “Can the cloning create 
a soul? Can scientists create the soul that would make a being 
ethical, moral, caring, loving, all the things we attribute human- 

ity to?” The Catholic priest Father Saunders suggested that 
“cloning would only produce humanoids or androids—soulless 
replicas of human beings that could be used as slaves.” And 
Brent Staples, a member of the New York Times editorial board, 

warned that “synthetic humans would be easy prey for humani- 
ty’s worst instincts.” 

Yet there is nothing synthetic about the cells used in clon- 
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ing. They are alive before the cloning process, and they are alive 
after fusion has taken place. The newly created embryo can only 
develop inside the womb of a woman in the same way that all 
embryos and fetuses develop. Cloned children will be full- 
fledged human beings, indistinguishable in biological terms 
from all other members of the species. Thus, the notion of a 

soulless clone has no basis in reality. 
When the misperceptions are tossed aside, it becomes clear 

what a cloned child will be. She, or he, will simply be a later- 

born identical twin—nothing more and nothing less. And while 
she may go through life looking similar to the way her progenitor- 
parent looked at a past point in time, she will be a unique 
human being, with a completely unique consciousness and a 
unique set of memories that she will build from scratch. 

To many people, the mere word clone seems ominous, con- 
juring up images from movies like The Boys From Brazil with 
evil Nazis intent on ruling the world. How likely is it that 
governments or organized groups will use cloning as a tool to 
build future societies with citizens bred to fulfill a particular 
need? 

THE BRAVE NEW WORLD SCENARIO 

“Bokanovsky’s Process,” repeated the Director. . . . One egg, 

one embryo, one adult—normality. But a bokanovskified 

egg will bud, will proliferate, will divide. From eight to 

ninety-six buds, and every bud will grow into a perfectly 

formed embryo, and every embryo into a full-sized adult. 

Making ninety-six human beings grow where only one grew 

before. Progress. . . . Identical twins—but not in piddling 

twos and threes as in the old viviparous days, when an egg 

would sometimes accidentally divide; actually by dozens, by 

scores at a time. . . . “But, alas,” the Director shook his 
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head, “we can’t bokanovskify indefinitely.” Ninety-six seemed 

to be the limit; seventy-two a good average. 

Thus did Aldous Huxley present one of the technological 
underpinnings of his brave new world where cloning would be 
used “as one of the major instruments of social stability.” With 
cloning, it was possible to obtain “standard men and women; 

in uniform batches. The whole of a factory staffed with the 
products of a single bokanovskified egg.” 

Brave New World evoked powerful feelings within people 
not only because they could see inklings of the rigid conformity 
of the brave new world society within their own, but because 
the science was presented in a hyperrealistic manner. Even the 
most minor technical details were carefully described. 

Huxley, for one, was convinced that political forces would 

evolve in the direction he described. In the foreword to the 
1946 edition, he wrote: “It is probable that all the world’s gov- 

ernments will be more or less completely totalitarian even before 
the harnessing of atomic energy; that they will be totalitarian 
during and after the harnessing seems almost certain.” It was 
the science that he was less certain of. 

Yet, like so many other twentieth-century intellectuals, Hux- 
ley underestimated the power of technology to turn yesterday’s 
fantasy into today’s reality. Only sixty-four years after he specu- 

lated on the possibility of human cloning, it is on the verge of 
happening. But now that one aspect of science has caught up 
to Brave New World, what can we say about the politics? Will 
there be governments that choose to clone? 

Definitely not in a democratic society for a very simple rea- 
son. Cloned children cannot appear out of the air. Each one 
will have to develop within the womb of a woman (for the time 

being). And in a free society, the state cannot control women’s 

bodies and minds in a way that would be necessary to build 
an army of clones. 

But what about a totalitarian government that wanted to 
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produce clones to serve its own social needs: “Standard men 

and women; in uniform batches. The whole of a factory staffed 
with the products of a single bokanovskified egg.” 

This scenario is highly improbable. First, only an extremely 
controlling totalitarian state would have the ability to enslave 
women en masse to act as surrogate mothers for babies that 

would be forcibly removed and raised by the state. Ruling gov- 
ernments this extreme are rare at the end of the twentieth cen- 
tury. But even if one did emerge, it is hard to imagine why it 
would want to clone people. 

Would it be to produce an army of powerful soldiers? Any 
government that could clone would certainly get more fighting 
power out of high-tech weapons of destruction than even the 
most muscular and obedient soldier clones. 

Would it be to produce docile factory workers? Cloning is 
not necessary for this objective, which has already been reached 
throughout many societies. And mind control could be achieved 
much more effectively with New Age drugs targeted at particular 
behaviors and emotions (another prediction made by Huxley). 

Would it be to produce people with great minds? It is not 
clear how a government would choose a progenitor for such 
clones, or what it would do during the twenty years or so that 
it took for clones to mature into adults. After all that time, a 
new set of leaders might decide that the wrong characteristics 
had been chosen for cloning. A better approach would be to 
simply build a superior system of public eduction that allowed 
the brightest children to rise to the top, no matter where on 
society’s ladder they began their lives. 

In the end, one is hard-pressed to come up with a single 
strategic advantage that any government might get from breed- 
ing clones rather than allowing a population to regenerate itself 
naturally. Thus, the Huxleyan use of cloning as a means for 
building a stable society seems very unlikely. But there is an 
obvious exception—one that could occur in a state or society 
controlled by a single egomaniacal dictator with substantial fi- 
nancial and scientific resources. 
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The example that comes to mind is that of the Japanese 

cult leader Shoko Asahara. Asahara’s group, Aum Shinrikyo, 

included well-educated chemists who produced nerve gas for 

the purpose of holding the Japanese government hostage. The 
group was exposed, and their leader was arrested and put on 
trial after a lethal gas attack on the Tokyo subway system in 
March 1995. Based on what we have learned about the group, 
it is possible that it might have had both the financial and 
technical resources required to put together the facility and 
equipment needed for cloning, as well as the power of persua- 
sion required to convince skilled personnel to carry it out. And 
the aura that Asahara projected was such that he might well 
have succeeded in convincing women to become pregnant with 
his clones. Finally, Asahara himself seems to have been exactly 
the kind of egomaniac who would have preferred child clones 
over naturally conceived sons. 

I doubt that we could stop people like Shoko Asahara from 
cloning themselves. But would it make any difference? Let us 
imagine that Asahara had cloned himself into a dozen children. 
It seems extremely unlikely that these children would have any 
greater effect on society, twenty years down the road, than sons 
conceived the old-fashioned way. It’s not only that they 
wouldn't grow up in the same adverse environment that played 
an important role in turning Asahara into the cult leader that 
he became. It’s also that they would grow up among different 
people who would be unlikely to respond to them in exactly 
the same way that people responded to Asahara. The same could 
be said for modern-day clones of Adolf Hitler. In both cases, 

the original men were catapulted into positions of leadership 
through chance personal or historical events that will never re- 
peat themselves. An adult alive today with Adolf Hitler’s mind, 
personality, and behavior would be more likely to find himself 

barricaded in a militia outpost or in jail than in the White 
House or the German Bundesrat. 

While Hitler's Third Reich and Asahara’s Aum Shinrikyo 
were both short-lived phenomena, there are still examples of 
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royal families—albeit with little real power today—that have 
handed down the crown from parent to child over hundreds of 
years. If after ascending to the throne, Prince Charles of Great 
Britain decided to place his clone—rather than his eldest son— 
next in line, would that upset the world order? On the contrary, 
I doubt if anyone would care. 

_ Once clone-prone egomaniacs discover that cloning won't 
bring immortality, nearly all will lose interest. By definition, 
they won't have the desire to raise children who are apt to 
follow independent paths through life. But for other individuals 
and couples in special circumstances, cloning could provide a 
means for achieving particular reproductive goals. 

THE CLONING OF CHILDREN 

Anissa Ayala was a sophomore at Walnut High School in a 
suburb of Los Angeles, California in the spring of 1988 when 
she was diagnosed with myelogenous leukemia, a slowly pro- 
gressing but ultimately fatal cancer of blood stem cells. The only 
way to cure this cancer is through a two step process, the first 
step entailing a treatment with highly toxic chemicals that de- 
stroy all of the blood stem cells—including the cancerous 
ones—throughout a person’s body. Unfortunately, blood stem 
cells are needed to replenish the differentiated blood cell pool 
each day as older cells die off. In the absence of stem cells, a 

person would slowly run out of the differentiated cells that she 
needs to transport oxygen from the lungs to all her organs, 
and although she would be cancer-free, within a few days, she 

would die. 
This is why the second step of the treatment process is 

crucial: replacement of the eliminated blood stem cells with new 
ones provided by a donor. Since blood stem cells are located 
in the bone marrow, this second step is accomplished with a 
bone marrow transplant. But the transplant can only come from 
a donor who shows good tissue compatibility with the person 
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in need, and the chance of good compatibility between two 

unrelated individuals is only 1 in 20,000. 

The parents of Anissa Ayala—Mary and Abe—were desper- 

ate to save her life, and with the help of their family and com- 

munity, they searched for a donor. None of the members of 
their extended family were compatible, and a nationwide search 
conducted over a two year period was also negative. Time was 

running out. 

At this point, the Ayalas made a decision. Mary would try 
to have another child who could provide Anissa with the needed 
bone marrow. The odds were heavily against the Ayalas. Abe 
was forty-five years old and had been vasectomized long before. 
Mary was forty-two, an age at which many women become 
grandmothers, not mothers. Furthermore, even if they were able 

to conceive and bring a child to term, the chances that the child 
would be a good match with Anissa were only 25 percent. And 
even if the child were a good match, this would still give Anissa 
only a 70 percent chance of surviving after the transplant. 

Abe and Mary were willing to fight the odds. Abe was able 
to get his vasectomy reversed, and Mary was able to become 
pregnant and stay that way for nine months. When amniocente- 
sis was performed, the fetus was found, against the odds, to be 

compatible with Anissa. On April 2, 1990, Mary Ayala gave 
birth to Marissa Eve. Fourteen months later, the bone marrow 

transplant from Marissa to Anissa was performed. 
On June 9, 1996, Anissa—healthy and cancer-free—and her 

sister Marissa sat together with their parents for a CNN televi- 
sion interview to celebrate the five-year milestone at which a 
cancer patient is considered to have beaten her illness. The six- 
year old Marissa positively beamed when she told the inter- 

viewer, “I saved her [Anissa’s] life.” After the show, Abe and 

Mary gave big hugs to both of their very-much-loved daughters. 
Let’s now consider what Mary and Abe might have done if 

cloning had been available to them when they first learned of 
Anissa’s illness. By starting with a skin cell from Anissa’s body, 
they would have been able to construct a new embryo with the 
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same genetic material. And instead of fighting the odds, they 
would have known from the outset that their new child would 
be not just a good donor, but a perfect match for their older 
daughter (which is only possible with identical twins). Except 
in one detail, the end result would be no different from the 

one that actually happened. A child named Marissa would still 
have been born, and she would still have cured her older sister. 

The one difference would be, of course, that instead of having 

genetic material that was 99.95 percent the same as her older 

sister like other nontwin sibling pairs, Marissa’s genetic material 

would be 100 percent the same as Anissa’s. Would that make 
any difference in the amount of love that Marissa’s parents gave 
to her? Would she be any less proud of saving her sister’s life? 

It is interesting to look at how some prominent bioethicists 
reacted when the Ayala story first broke in the news media six 
years earlier, when Marissa was still a fetus in her mother’s 

body. The general reaction was one of outrage. “It’s absolutely 

ethically wrong to have a child as a donor, just for what it (the 

child) can do for someone else,” said Arthur Caplan. “You are 

treating a human being as an object and that takes away from 
the value of the infant itself,” said Reinhard Preister. “Children 

are not medicine for other people,” said George Annas. “What 

they're doing is ethically very troubling,” said Alexander Capron. 

When asked to respond directly to a scenario in which an older 

child could only be saved with the use of cloning, Richard 

McCormick, a Jesuit priest and professor of Christian ethics at 
the University of Notre Dame said, “I can’t think of a morally 

acceptable reason to clone a human being.” 
What Father McCormick, in particular, would have us be- 

lieve is that the ethically correct thing to do in such a painful 
situation is to let an older child die and not have another. He 

would say that it’s better to have zero children to love instead 

of two. 
Bioethicists and others who condemned the Ayalas all felt 

that they were having a baby for the wrong reason. But listen to 
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what Michael Specter of the Washington Post wrote in response 

to this: 

Can anybody out there provide a universal definition of a 

good reason to have a baby? Is it better to have a baby 

because your friends are having a baby, or because your 

marriage seems like it’s missing something, than to have a 

baby to save a life? What about all the parents who have 

a second child solely because they don’t want an “only 

child”? Is it better to have a baby to give your first kid a 

playmate than to have one to save your first kid’s life? 

Actually, even in the late twentieth century, millions of peo- 
ple still have babies without any forethought at all. These babies 
are the unintended byproduct of the instinctive urge to relieve 
sexual tension through the act of intercourse. That’s it! Is this 
biological instinct unethical as well, even within the context of 
a stable marriage? 

If we examine our own experiences, we find that most 

mothers and fathers give absolute and unqualified love to the 
children they raise, no matter what reasons were or were not 

considered in their conception, and no matter where or how 

this conception occurred. There are exceptions, of course. In 
some cultures, it is seen as inappropriate for men to involve 

themselves in the nurturing process. And in all cultures and 
eras, there will be women who seem to lack a maternal instinct, 

who do not bond well with the children they bear. You may 
look at such mothers and wonder why they had children, or 
why they didn’t put them up for adoption. But would you favor 
state removal of these children from their parents if there is no 
child abuse? Would you want to outlaw the birth of children 
to women who test low on the maternal instinct scale? To most 
Americans, this sort of talk is ridiculous. The right of married 

adults to have and raise a family, no matter how good they are 
at it, is constitutionally protected. 
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Now think about the nurturing instincts of the Ayalas, and 
the lengths to which they were willing to go to save the life of 
their older daughter. On what grounds could anyone possibly 
have imagined that they wouldn’t treat a newborn child with 
the same love and affection? 

Indeed, most parents are willing to go to great lengths to 
protect the lives of their children when confronted with adver- 
sity. And although relatively rare, the particular situation in 
which a couple has another child to act as a potential donor 
for an older sibling has occurred in hundreds of other families 
in this country alone, but almost always under the cloak of 
secrecy, according to informal surveys of organ transplantation 
centers. And in most of these cases, there was only a 25 percent 
chance that the newborn child would show compatibility to the 
older sibling in need of a transplant. Now imagine what these 
parents would do if cloning became an option. Indeed, ask 
yourself what you would do in similar circumstances. 

Many people will agree that a child in need of a compatible 
donor provides a compelling, and ethically sound, reason for a 
small number of parents to engage in cloning. Are there other 
compelling situations in which the cloning of children might be 
deemed ethical? 

Let’s consider the most extreme version of a second sce- 
nario. Imagine a young couple that has had a pair of healthy 
twins—a boy and a girl—the old-fashioned way. Several months 
after the birth, the mother undergoes chemotherapy as a treat- 
ment for cancer. The treatment is a success, but she is now 

completely sterile. She could have chosen to freeze some of her 
eggs before her treatment, but she didn’t think it was necessary 
since she didn’t intend to have more than two children. And 
then tragedy strikes. A car driven by an intoxicated man jumps 
the curb and hits the double baby carriage being pushed by the 
nanny. Both babies are rushed to the hospital, and both die 

shortly after arrival. 
The pain felt by the parents is unbearable. Not only have 

they lost their two children, but they believe there is no way 



134 G@ REMAKING EDEN 

they can have any more children that are biologically related to 

both of them. Unbeknownst to them, however, a young physi- 

cian in the emergency room at the time the babies were brought 
in carefully retrieved tissue samples from both bodies shortly 
after their death, and froze them in a special way. Two years 
later, as the parents are beginning to accept their sorrow, the 
doctor reveals to them the existence of the frozen cells. He 
explains how they might be able to use these samples in an 
attempt to have their own biological children once again 
through the process of cloning. Of course, he cautions, they 
won't be able to bring back their original twins. But the newly 
born children will look, and most likely act, in a similar way 

to the six-month-old babies they lost. 
The distraught couple is confused by the choice they are 

being offered. But a genetic counselor helps them understand 
the process of cloning. And after talking to a sympathetic family 
minister, they make the decision to go ahead. 

The frozen cells are thawed and used to produce embryos. 
Two embryos—one derived from each original twin—are intro- 
duced into the mother’s uterus. Only one implants, giving rise 
to a healthy baby girl, nine months later. When this child 
reaches the age of three, the parents decide to have a second 
child based on a cell obtained from the other original twin. And 
a year later, after several failed implantation attempts, a healthy 
baby boy is born. Their family.is now complete and quite ordi- 
nary, with a four year old girl and a newborn boy. A stranger 
would never know that this family was built through the cloning 
of earlier born fraternal twins. Both children will grow up in a 
loving environment, and when they are old enough to under- 
stand, their parents will explain how they came into existence. 

It is hard to imagine what could possibly be wrong with 
this use of human cloning technology. Indeed, based on a con- 
stitutionally protected right to reproduce, it is hard to imagine 
how it could possibly be ethical to withhold the technology— 
once it is deemed safe—from the couple in this extremely un- 
usual circumstance. 
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What about another couple whose situation is not so ex- 
treme, who become sterile after having one healthy child, and 

then want to have a second by cloning the first? The second 
child, of course, would be a later-born identical twin. Would 

this be unacceptable because the older twin is not in a position 
to consent to being cloned? I think not. Why is the older child’s 
consent necessary when the parents are simply creating another 
one of their own children with genes that came originally from 
them! Naturally born identical twins, triplets, and quadruplets, 
of course, don’t consent to the birth of one another. 

But there are the new child’s emotions to think about. How 
will she feel when she grows up to find out that she has the 
same genetic material as her older sister? Will she feel so bad 
that it would have been better for her not to have been born 
at all? I doubt it. Children born through standard IVF do not 
seem to be psychologically harmed when they find out they 
were conceived in a laboratory dish, and if cloning is incorpo- 

rated as an acceptable practice in the future reprogenetic tool- 
box, it will be no stranger than IVF once was. 

Perhaps there will be a small number of cases where a later- 
born identical twin is not treated with the respect and dignity 
that she deserves. Perhaps there will even be child abuse. Yet 
there is no reason to expect abuse to take place simply be- 
cause the child is a later-born identical twin. And if it occurs, 

it is the child abuse we should condemn, no matter what 

went into the child’s creation. 
If we accept the use of cloning by sterile parents with one 

child, do we also accept its use by sterile parents who already 
have two, three, or four? And what about sterile parents who 
want to have multiple clones—two, three, or four—from the 

same older child? What about nonsterile parents who, for some 
reason, would rather have a later-born identical twin than a 

nontwin? If you think we should draw a line somewhere, where 

should it be drawn and who should draw it? And if we draw 
a line for cloning, why don’t we also place a similar limit on 
the number of children that parents can have the old-fashioned 



136 G@ REMAKING EDEN 

way? Why don’t we force women carrying identical twins to 

abort one so that the remaining child is not subject to the 

psychological trauma presumed to occur from the realization 

that he is not genetically unique? 

THE CLONING OF ADULTS 

Up to 18 percent of all heterosexual couples are infertile from 
the beginning of their relationship. One hundred percent of all 
homosexual couples must also be considered infertile, in biolog- 
ical terms, since they cannot reproduce naturally with each 
other. Before cloning became a possibility, untreatable infertility 
forced couples to use sperm or egg donations in order to have 
a child that was biologically related to one parent. But the intru- 
sion of a stranger’s genes into a child can be the cause of emo- 
tional pain and resentment, especially for the parent whose 
genes have not been reproduced. 

A couple that is infertile at the outset of their relationship 
obviously wouldn't have any children to clone. Instead, they 
could clone one of themselves to avoid introducing foreign 
genes into the family. 

Lesbian couples, in particular, would have a new way to 
share biological parentage of a child. One member of the couple 
could provide the donor cell, and either one could provide the 

unfertilized recipient egg. The newly formed embryo could then 
be introduced into the uterus of the genetically unrelated 
woman. The child that is born would be related by genes to 
one mother, and related by birthing to the other, so that both 

women could rightly call themselves biological parents. 
Cloning could be used by infertile heterosexual couples in 

exactly the same way, as long as the female partner is able to 
carry a fetus to birth. If the father provided the donor cell to 
clone from, once again, both members of the couple could 
rightly call themselves biological parents. 

Would a fertile couple have any reason to clone? For the 
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vast majority, the answer would be no. Instead, what most hap- 
pily bonded couples have always wanted to do—and always will 
want to do—is to produce a child that represents the ultimate 
consummation of their love for each other: a child that comes 
not from one parent or the other, but one that mixes together 
both their heritages. Some have suggested that cloning could 
provide a means for preventing the transmission of a deadly 
disease gene from one parent to his offspring. But this goal can 
be more easily achieved by selecting embryos—derived from 
both parents—that don’t carry the disease mutation, as we dis- 
cuss later in this book. 

What about single individuals who want to become single par- 
ents? Women, in particular, now have the power to do it all by 
themselves. They can combine one of their skin cells with one of 
their unfertilized eggs to be placed back into their own uterus to 
develop into their cloned child. Men, of course, could clone them- 

selves only through the services of a surrogate mother. 
How many people would actually want to clone themselves? 

If the polls are to be believed on this question, the answer is 6 to 

7 percent of the American adult population. That’s sixty out of 
every one thousand people questioned, or 5 million or more 
American adults of reproductive age. This number seems so high 
as to evoke the suspicion that many who said yes to cloning them- 
selves were not treating the question seriously. Of those who were 
serious, many would probably change their minds if actually given 
the chance. Still, there are sure to be people remaining—small in 
percentage, but large in number—who would be willing and ready 
to clone themselves, if given the chance. 

Are all these people egomaniacs, as many have suggested in 

the media? Before answering this question, consider the fictitious 

account of Jennifer and Rachel, which begins in the year 2049. 

JENNIFER AND RACHEL 

Jennifer is a self-sufficient single woman who lives by herself in 
a stylish apartment on Manhattan’s Upper West Side. She has 
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focused almost all her energies on her career since graduating 

from Columbia University, fourteen years earlier, and has 

moved steadily upward in the business world. In financial 

terms, she is now quite well off. In social terms, she is happy 

being single. Jennifer has had various relationships with men 
over the years, but none was serious enough to make her con- 

sider giving up her single lifestyle. 
And then on April 14, 2049, the morning of her thirty-fifth 

birthday, Jennifer wakes up alone, in her quiet room, before 

the break of dawn, before her alarm is set to go off, and she 

begins to wonder. With her new age—thirty-five—bouncing 
around in her mind, a single thought comes to the fore. “It’s 

getting late.” she tells herself. 
It is not marriage or a permanent relationship that she feels 

is missing, it is something else. It is a child. Not any child, but 

a child of her own to hold and to love, to watch and to nurture. 

Jennifer knows that she can afford to raise a child by herself, 
and she also knows that the firm she works for is generous in 
giving women the flexibility required to maintain both a family 

and a career. And now she feels, for the first time, that she will 

soon be too old to begin motherhood. 

Jennifer is a decisive woman, and by the end of that day 

she decides to become a single mother. It is the same positive 
decision that hundreds of thousands of other woman have made 
before her. But unlike twentieth-century women, Jennifer knows 

there is no longer any reason to incorporate a sperm donor into 
the process. An anonymous sperm cell could introduce all sorts 

of unknown, undesirable traits into her child, and Jennifer is 

not one to gamble. Instead, she makes the decision to use one 

of her own cells to create a new life. 

Jennifer is well aware that federal law makes cloning illegal 
in the United States except in cases of untreatable infertility. She 
realizes that she could get around the law through a marriage of 
convenience with a gay friend, who would then be declared 

infertile by a sympathetic physician. But she decides to do what 
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increasing numbers of other women in her situation have done 
recently—take an extended vacation in the Cayman Islands. 

On Grand Cayman Island, there is a large reprogenetic clinic 
that specializes in cloning. The young physicians and biologists 
who work at this clinic do not ask questions of their clients. 
They will retrieve cells from any willing adult, prepare those 
cells for fusion to unfertilized eggs recovered from any willing 
woman, and then introduce the embryos that develop success- 
fully into the uterus of the same, or another, willing woman. 
The cost of the procedure is $80,000 for the initial cell cloning 
and embryo transfer, and $20,000 for each subsequent attempt 
at pregnancy if earlier embryos fail to implant. When the clinic 
first opened, the fees were twice as high, but they dropped in 
response to competition from newly opened clinics in Jamaica 

and Grenada. 
Since Jennifer is a healthy fertile woman, she has no need 

for other biological participants in the cloning process. A dozen 
unfertilized eggs are recovered from her ovaries and made 
nuclear-free. One-by-one, each is fused with a donor cell obtained 

from the inside of her mouth. After a period of incubation, 
healthy-looking embryos are observed under a microscope, and 
two of these are introduced into her uterus at the proper time 
of her menstrual cycle. (The introduction of two embryos in- 
creases the probability of a successful implantation.) After the 
procedure, Jennifer stays on the island three more days to rest, 
then flies back to New York. 

A week later, Jennifer is thrilled by the positive blue + sym- 
bol that appears on her home pregnancy test. She waits another 
two weeks to confirm that the pregnancy has taken with another 
test, and then schedules an appointment with Dr. Steve Glass- 
man, her gynecologist and obstetrician. Dr. Glassman knows 
that Jennifer is a single woman, and he doesn’t ask—and Jenni- 

fer doesn’t tell—how her pregnancy began. The following eight 
and a half months pass by uneventfully, with monthly, then 
weekly, visits to the doctor’s office. Ultrasound indicates the 
presence of a single normal fetus, and amniocentesis confirms 
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the absence of any known genetic problem. Finally, on March 

15, 2050, a baby girl is born. Jennifer names her Rachel. To 

the nurses and doctors who work in the delivery room, Rachel 

is one more newborn baby, just like all the other newborn 

babies they’ve seen in their lives. 
Jennifer, holding Rachel in her arms, is taken to a room in 

the maternity ward, and shortly thereafter, the nurse on duty 
brings by the form to fill out for the birth certificate. Without 
a word, she enters Jennifer’s name into the space for “the 
mother.” She then asks Jennifer for the name of the father. 

“Unknown,” Jennifer replies, and this is duly recorded. A day 
later, Jennifer is released from the hospital with her new baby 

girl. 
Rachel will grow up in the same way as all other children 

her age. Occasionally, people will comment on the striking simi- 
larity that exists between the child and her mother. Jennifer will 

smile at them and say, “Yes. She does have my facial features.” 
And she'll leave it at that. 

From time to time, Jennifer will let Rachel know that she 

is a “special” child, without going into further detail. Then one 
day, when her daughter has grown old enough to understand, 
Jennifer will reveal the truth. And just like other children con- 

ceived with the help of reprogenetic protocols, Rachel will 
feel . . . special. Some day in the more distant future, when 

cloning becomes just another means of alternative reproduction, 
accepted by society, the need for secrecy will disappear. 

Who is Rachel, and who really are her parents? There is no 
question that Jennifer is Rachel’s birth mother, since Rachel was 
born out of her body. But, Jennifer is not Rachel’s genetic 
mother, based on the traditional meanings of mother and father. 
In genetic terms, Jennifer and Rachel are twin sisters. As a result, 

Rachel will constantly behold a glimpse of her future simply by 
looking at her mother’s photo album and her mother herself. 
She will also understand that her single set of grandparents are 
actually her genetic parents as well. And when Rachel grows up 
and has children of her own, her children will also be her 
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aha children. Thus, with a single act of cloning, we are 
forced to reconsider the meaning of parents, children, and sib- 
lings, and how they relate to one another. 

IS CLONING WRONG? 

Is there anything wrong with what Jennifer has done? The most 
logical way to approach this question is through a consideration 
of whether anyone, or anything, has been harmed by the birth 
of Rachel? Clearly no harm has been done to Jennifer. She got 
the baby girl she wanted and she will raise her with the same 
sorts of hopes and aspirations that most normal parents have 
for their children. 

But what about Rachel? Has she been harmed in some way 
so detrimental that it would have been better had she not been 
born? Daniel Callahan, the Director of the Hastings Center (a 
bioethics think tank near New York City), argues that “engi- 
neering someone’s entire genetic makeup would compromise 

his or her right to a unique identity.” But no such “right” has 
been granted by nature—identical twins are born every day as 
natural clones of each other. Dr. Callahan would have to con- 
cede this fact, but he might still argue that just because twins 
occur naturally does not mean we should create them on 

purpose. 
Dr. Callahan might argue that Rachel is harmed by the 

knowledge of her future condition. He might say that it is unfair 
for Rachel to go through her childhood knowing what she will 
look like as an adult, or being forced to consider future medical 

ailments that might befall her. But even in the absence of clon- 
ing, many children have some sense of the future possibilities 
encoded in the genes they got from their parents. In my own 
case, I knew as a teenager that I had a good chance of inheriting 

the pattern baldness that my maternal grandfather expressed 
so thoroughly. Furthermore, genetic screening already provides 
people with the ability to learn about hundreds of disease pre- 
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dispositions. And as genetic knowledge and technology become 

more and more sophisticated, it will become possible for any 

human being to learn even more about their genetic future than 

Rachel can learn from Jennifer’s past. In American society, it is 
generally accepted that parents are ultimately responsible for 
deciding what their children should, or should not, be exposed 
to. And there’s no reason to expect that someone like Jennifer 

would tell Rachel something that was not in her best interest 

to know. 
Just because Rachel has the same genes as Jennifer does not 

mean that her life will turn out the same way. On the contrary, 
Rachel is sure to have a different upbringing in a world that 
has changed significantly since her mother’s time. And there is 
no reason why she can’t chart her own unique path through 
life. Furthermore, when it comes to genetic predispositions, they 
are just that and nothing more. Although their genetically deter- 
mined inclinations may be the same, mother and daughter may 
choose to follow those inclinations in different ways, or not 

at all. 
It might also be argued that Rachel is harmed by having to 

live up to the unrealistic expectations that her mother will place 
on her. But there is no reason to believe that Jennifer's expecta- 
tions will be any more unreasonable than those of many other 
parents who expect their children to accomplish in their lives 
what the parents were unable to accomplish in their own. No 
one would argue that parents with such tendencies should be 

prohibited from having children. Besides, there’s no reason to 
assume that Jennifer’s expectations will be unreasonable. Indeed, 

there is every reason to believe Rachel will be loved by her 
mother no matter what she chooses to do, as most mothers love 

their children. 

But let's grant that among the many Rachels brought into 
this world, some will feel bad that their genetic constitution is 

not unique. Is this alone a strong enough reason to ban the 
practice of cloning? Before answering this question, ask yourself 
another: Is a child having knowledge of an older twin worse 

_— 
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off than a child born into poverty? If we ban the former, 
shouldn’t we ban the latter? Why is it that so many politicians 
seem to care so much about cloning but so little about the 
welfare of children in general? - 

Some object to cloning because of the process that it entails. 
The view of the Vatican, in particular, is that human embryos 
should be treated like human beings and should not be tam- 
pered with in any way. However, the cloning protocol does not 
tamper with embryos, it tampers only with unfertilized eggs and 
adult cells like those we scratch off our arms without a second 
thought. Only after the fact does an embryo emerge (which 
could be treated with the utmost respect if one so chooses). 

There is a sense among some who are religious that cloning 
leaves God out of the process of human creation, and that man 
is venturing into places he does not belong. This same concern 
has been, and will continue to be, raised as each new reproge- 
netic technology is incorporated into our culture, from in vitro 
fertilization twenty years ago to genetic engineering of em- 
bryos—sure to happen in the near future. It is impossible to 
counter this theological claim with scientific arguments. We will 
come back to God’s domain in the last part of this book. 

Finally, there are those who argue against cloning based on 
the perception that it will harm society at large in some way. 
The New York Times columnist William Safire expresses the 
opinion of many others when he says, “cloning’s identicality 
would restrict evolution.” This is bad, he argues, because “the 

continued interplay of genes . . . is central to humankind’s 
progress.” But Mr. Safire is wrong on both practical and theoret- 
ical grounds. On practical grounds, even if human cloning be- 
came efficient, legal, and popular among those in the moneyed 
classes (which is itself highly unlikely), it would still only ac- 
count for a fraction of a percent of all the children born onto 
this earth. Furthermore, each of the children born by cloning 

to different families would be different from one another, so 

where does the identicality come from? 
On theoretical grounds, Safire is wrong because hu- 
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mankind’s progress has nothing to do with unfettered evolution, 

which is always unpredictable and not necessarily upward 

bound. H. G. Wells recognized this principle in his 1895 novel 
The Time Machine, which portrays the natural evolution of hu- 

mankind into weak and dimwitted, but cuddly little creatures. 

And Kurt Vonnegut follows this same theme in Galapagos, where 
he suggests that our “big brains” will be the cause of our down- 
fall, and future humans with smaller brains and powerful flip- 

pers will be the only remnants of a once great species, a million 

years hence. 

Although most politicians professed outrage at the prospect 

of human cloning when Dolly was first announced, Senator Tom 
Harkin of Iowa was the one lone voice in opposition. “What 
nonsense, what utter utter nonsense, to think that we can hold 

up our hands and say, ‘Stop, ” Mr. Harkin said. “Human clon- 

ing will take place, and it will take place in my lifetime. I don’t 
fear it at all. I welcome it.” 

As the story of Jennifer and Rachel is meant to suggest, 

those who want to clone themselves or their children will not 
be impeded by governmental laws or regulations. The market- 
place—not government or society—will control cloning. And if 
cloning is banned in one place, it will be made available some- 
where else—perhaps on an underdeveloped island country 
happy to receive the tax revenue. Indeed, within two weeks of 
Dolly's announcement, a group of investors formed a Bahamas- 
based company called Clonaid (under the direction of a French 

scientist named Dr. Brigitte Boisselier) with the intention of 
building a clinic where cloning services would be offered to 
individuals for a fee of $200,000. According to the description 
provided on their web page (http://www.clonaid.com), they plan 
to offer “a fantastic opportunity to parents with fertility prob- 
lems or homosexual couples to have a child cloned from one 
of them.” 

Irrespective of whether this particular venture actually suc- 
ceeds, others will certainly follow. For in the end, international 
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borders can do little to impede the reproductive practices of 
couples and individuals. 

SURREPTITIOUS CLONING 

In democratic societies, people have the right to reproduce and 
the right to not reproduce. This last “right” means that men and 
women cannot be forced to conceive a child against their will. 

Until now, it has been possible to exercise this particular right 
by choosing not to engage in sexual intercourse, and not to 
provide sperm or eggs for use in artificial insemination or IVF. 
But suddenly, human cloning opens up frightening new vistas 
in the realm of reproductive choice, or lack thereof. Suddenly, 
it becomes possible to use the genetic material of others without 
their knowledge or consent. 

Let’s reconsider the Jennifer and Rachel scenario in the light 
of reproductive choice. At first glance, it might seem that noth- 
ing is amiss here because Jennifer obviously gave her consent 
to be cloned. But reproductive choice has been interpreted tradi- 
tionally to mean that people have the right not to be genetic 
parents against their will. Does this mean that Jennifer should 
have asked her own parents for permission to create a clone— 
her identical twin and their child—before proceeding? Actually, 
all of your genes, as well, came from your mother and father. 

Does this mean that your parents have the right to tell you how 
to use them? 

At least Jennifer gave her consent to be cloned. But what 
are we to make of a situation in which someone is cloned 
without his or her knowledge, let alone consent. It takes only 
a single living cell to start the cloning procedure, and that cell 
can probably be obtained from almost any living part of the 
human body. There are various ways in which cells could be 
stolen from a person. | will illustrate one here with what I will 
call the Michael Jordan scenario. 

Let’s move to the near future. The year is 2009, and Jordan 
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has now retired as a professional basketball player. He goes into 

his doctor’s office for his annual checkup, during which a blood 

sample is taken into a standard tube. Jordan’s sample, along 

with others, is given over to a medical technician, who has been 

waiting for this moment since Jordan scheduled his appoint- 
ment a month before. After closing the lab door behind her, 
she opens the tube of Jordan’s blood and removes a tiny por- 
tion, which is transferred to a fresh tube that is quickly hidden 
in her pocket. The original tube is resealed, and no one will 

ever know that it has been tampered with. 
At the start of her lunch break, the technician rushes the 

tube of blood to her friend at a private IVF clinic on the other 
side of town. The small sample is emptied into a laboratory 
dish, and there Jordan’s white blood cells are bathed in nutrients 

and factors that will allow them to grow and multiply into 
millions of identical cells, each one ready for cloning. The cells 
are divided up into many portions, which are frozen in individ- 
ual tubes for later use. 

And then the word goes out on the street. For a $200,000 

fee, you can have your very own Michael Jordan child. Would 
anyone buy? If not a Michael Jordan child, would they be inter- 

ested in a Tom Cruise, a Bill Clinton, or a Madonna (the singer 

not the saint)? 

It's important to understand that what most people want 
more than anything else is to have their own child, not someone 
else’s child, no matter who that someone else might be. And if 
cloning someone else is an option, then cloning oneself is also 
an option. So what possible reason could exist for choosing a 
genetically unrelated child? 

Perhaps heartless mothers will want a clone of someone 
famous in the belief that they will prosper on the income that 
a clone could make, or the fame that he would bring. But it 
would require an enormous investment in time and money to 
raise a child over many years before there was even a chance 
of a payback. Clones of Michael Jordan would likely be born 
with the potential to become outstanding athletes, and clones 
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of Tom Cruise or Madonna might have the same artistic talent 
as their progenitors. But the original Jordan, Cruise, and Ma- 
donna owe their success even more to hard work than genetic 
potential. ; 

Clones might not have the same incentive to train and exert 
themselves even if—and perhaps because—unscrupulous par- 
ents and promoters try to force them in a specified direction 
against their will. And while one Madonna clone might attract 
fame and attention, the next dozen will almost certainly be 

ignored. It is hard to imagine that many potential parents would 
be willing to take this gamble, with the wait being so long, and 
the chances of success so small. 

There will probably always be some infertile couples or indi- 
viduals who will want to clone simply for the opportunity to 
raise a child who is likely to be beautiful or bright, without any 
desire to profit from the situation themselves. These people will 
be able to reach their reproductive goals by cloning someone— 
who is not famous—with their consent. In the future, cell do- 

nors could be chosen from a catalog in the same way that sperm 
and egg donors are chosen today (as described in chapter 13). 

In contrast, cloning surreptitiously will almost certainly be 
frowned upon even by those who accept other uses of the clon- 
ing technology. And those who participate will run the risk of 
serious litigation on the basis of infringing upon someone else’s 
reproductive rights. This is not to say, however, that surrepti- 
tious cloning will never occur. On the contrary, if something 
becomes possible in our brave new reproductive world, some- 
one will probably do it, somewhere, sometime. 



Where Will Cloning Lead Use 

The focus of the chapter you have just read—and the public 
mind in general—has been on the use of cloning to reproduce 
children who are later-born identical twins of people already 
alive. It is this idea that scares people and causes politicians to 
promote laws for banning all uses of the technology. But what 
has not come forth as clearly are the ways in which cloning can 
be used in combination with other reprogenetic technologies to 
solve a whole range of biomedical problems without producing 
later-born twins. 

Indeed, there are many biomedical scientists who believe 
that the real significance of cloning lies not in what the technol- 
ogy can do by itself, but in its enabling contribution to other 
areas of reprogenetics. There are two fields of research, in partic- 
ular, that will gain substantially from the incorporation of clon- 
ing. These are tissue regeneration and genetic engineering. 

TISSUE REGENERATION 

Let’s start by returning to the story of Anissa Ayala. Anissa’s 
own bone marrow was contaminated with cancerous cells. There 

148 



Where Will Cloning Lead Us? @ 149 

was no way to kill just the cancerous cells and leave the healthy 
ones behind; Anissa’s cancer could only be purged through the 
complete eradication of all bone marrow cells. But bone marrow 
cells are required to replenish blood cells. So Anissa would 
have died unless she received a bone marrow transplant from 
a compatible donor. As noted previously, the only perfect donor 
is an identical twin. And if a future Anissa is not blessed with 
an identical twin from birth, cloning could provide her family 
with one later on. 

Unfortunately, there will be many situations in which a 

child will be in need and cloning will not be feasible or accept- 
able. Some families will be opposed on moral grounds. Others 
will not be in a position to bring a new baby into their lives, 
because they may be too old or just not able to raise another 
child. Fortunately, cloning technology will provide the basis for 
an alternative solution. 

The problem faced by Anissa and all other people who have 
cancerous or failing organs or tissues is that once a person is born, 
his or her body no longer has a reservoir of undifferentiated cells 
that might be coaxed into recreating a new version of the defective 
tissue. The organs and tissues present in a child or adult have 
reached their final stage of differentiation and can’t be changed 
into each other. Skin cells can’t be converted into bone marrow 
cells, and blood cells can’t be converted into liver cells. 

In contrast, the cells of the early embryo have the capacity 
to turn into each of these adult cell types, as well as every other 
cell present in every tissue and organ. If scientists could figure 
out how embryonic cells turn into a particular tissue, they might 
be able to force a cloned embryo along just this pathway, by- 
passing the need to create a new human life. In fact, scientists 
were working on this very problem for almost two decades 

before cloning became a reality. 
Normally, when an embryo grows—by producing more 

cells—it also develops, and it is through the process of develop- 
ment that cells differentiate into various kinds of tissues. The 
pathway of development is rather strict, and on each day follow- 
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- ing conception, the embryo, and then the fetus, assume a well- 

defined shape and structure. If you are pregnant and you know 

the approximate date on which conception took place, you can 
look at the color pictures in the 1990 book by Lennart Nilsson 

called A Child Is Born to see what the embryo or fetus: inside 
you looks like, and with each passing week, you can watch it 

change in form as it develops. 
The critical point is that growth and development are cou- 

pled. You don’t get one without the other. Not until 1981, 
that is, when embryologists in the United States and England 

succeeded in perfecting methods to get embryonic growth, with- 
out development, in a laboratory dish. They accomplished this 
feat by tricking the embryonic cells into “thinking” they were 

still present in a very young embryo at a stage where division 

is supposed to occur without differentiation. This deception is 
carried out by placing the embryo in an environment overloaded 
with early embryo molecular signals. In this environment, an 
embryo will continue to grow and divide, over and over again, 

to produce millions upon millions of identical cells that are all 
frozen—in a developmental sense—at the same early embryonic 

stage. Scientists refer to these cells as embryonic stem cells, or 
just ES cells for short. 

What the ES cell technology provides is a tool for expanding 
the embryo into a mass of undifferentiated tissue of any size 

that is needed. After this first step is accomplished, it then 
becomes possible to convert this undifferentiated mass into the 
particular tissue that one desires. Once again, the feat is accom- 
plished with the use of particular molecular signals. 

Just as certain signals can be used to fool ES cells into 

remaining in an embryonic state, other signals can be used to 

force them down specific pathways of differentiation in a con- 

trolled manner. Some signals might be used to turn them into 

bone marrow cells and others could be used to turn them into 
primitive nerve cells, for example. And what will almost cer- 
tainly happen over the next twenty years is that scientists will 
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discover what signals are needed to convert embryonic cells into 
every tissue that exists in the adult human body. 

Now let’s return to our future Anissa, in need of a bone mar- 

row transplant, and outline the steps we might be able to take to 
provide it to her. First, cloning technology would be used to con- 

vert one of her skin cells into a brand-new embryo, with the help 
of a donated unfertilized egg. But rather than allow this embryo 
to develop into a fetus, scientists would use special molecules to 
expand it into a large mass of embryo-like ES cells. Once a suffi- 
cient number of cells had been obtained, they would be incubated 
with a different set of molecular signals to convert them all directly 
into bone marrow cells, which could be used for transplantation 

back into the body from which they originally came. 
The same basic technology may be used—with different sig- 

nals—to cure a host of other diseases. Nerve cells might be 
generated as a cure for Parkinson disease, newly minted heart 
or liver cells might augment the function of other ailing organs, 
and freshly grown blood vessels could be used to replace those 
that are damaged by arteriosclerosis. And in each of these cases, 
cell or tissue replacement therapy could be accomplished in a 
few weeks with a high degree of success and efficiency, and 
without any of the dilemmas that might arise in cases where it 
is necessary to bring another child into the world. 

GENETIC ENGINEERING 

There is a final consequence of cloning that is more significant 
and powerful than any other use of the technology, one that 
has the potential to change humankind: the genetic engineering 
of human beings. Without cloning, genetic engineering is simply 
science fiction. But with cloning, genetic engineering moves into 

the realm of reality. 
First, a quick definition. When I use the term “genetic engi- 

neering,” it will refer to the process by which scientists alter or 
add specific genes to the genetic material present in the embryo 
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so that an individual could be born with characteristics that he 

or she would not have had otherwise. Cloning, by itself, is not 

genetic engineering. 

Since the 1980s, genetic engineering has been practiced 
with success in animals like mice, cows, sheep, and pigs. But it 
has yet to be applied to human beings for one simple reason—it 
is incredibly inefficient. With the simplest technique for adding 
genes to embryos, the success rate is 50 percent at best, and 
this is accompanied by a 5 percent risk of inducing disease- 
causing mutations in the animal that is born. That’s not a prob- 
lem for animal geneticists—who can choose the one healthy 
animal with a desired genetic modification from among a litter 
or flock—but it is unacceptable for use with humans. And with 
more sophisticated techniques of gene alteration, the problem 
just gets worse, with only one cell in a million likely to be 
altered in the correct way. 

With such a low rate of success, the direct engineering of 

genes within an isolated human embryo—destined to be a child— 
is not something that anyone would try or accept. But with clon- 
ing, the entire equation changes. Now, multiple cells grown from 
a single embryo could be subjected to genetic engineering. With 
protocols already available today, those that appear to be engi- 
neered as desired could be recognized and picked out. Each single 
selected cell could be expanded by itself into a clone of cells that 
provides sufficient material for the confirmation of genetic integrity. 
Then, and only then, would one cell from this mass of cells be 

used by means of nuclear transplantation to produce a new em- 
bryo, which would develop into a new human being, with a spe- 
cial genetic gift. Incredibly, within five months of the 
announcement of Dolly's birth, on July 25, 1997, the same team 

of Scottish scientists announced that they had successfully carried 
out this very protocol with the birth of several lambs carrying a 
foreign human gene. It is in the very same manner—when the 
techniques of cloning and genetic engineering are combined—that 
the human species will gain control over its own destiny, as we 
will explore later in this book. 



PART FOUR 

MOTHERS AND FATHERS: 
VARIATIONS ON A THEME 

And when Rachel saw that she bore 

Jacob no children, . . . she said to Jacob, 

“Give me children, or | shall die!” 

—GENeEsIs 30: 1 
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Three Mothers and Two Fathers 

In most societies, at most times, most children have had a single 

mother and a single father. This is the norm for our species. 
But as long as our species has existed, there have been excep- 
tions. And though exceptions are quite common today, the lan- 
guage we use to distinguish among the different types of parents 
that a child can have is still less than ideal. 

Unfortunately, it is difficult to find words that are not emo- 
tionally laden. When one woman gives birth to a child that is 
raised by another, who is the “real mom”? From a biological 

perspective, it would be the woman who gave birth, but from 
a social perspective, it would be the woman who raised the 
child. Confusion occurs as a result of the same problem that 
we encountered in the meaning of the word life itself. Just as 
that single word is used to describe life at both the cellular level 
and the conscious level, so the words mother, father, and parent 

can be used to describe individuals who make a biological con- 
tribution, as well as those who contribute socially. In the most 

global definition of the word, all mothers are “real,” they are 

just different. 
I will use genetic father or bio-dad to describe the man who 

contributes a sperm nucleus toward the creation of a child. 
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Until twenty years ago, it was also possible to speak about a 

biological mother or bio-mom in an unambiguous way. But with 

the advent of IVF and embryo transfer, the two essential 

woman-contributed biological ingredients can be separated so 
that a child can now have two bio-moms. Whenever it is neces- 
sary to distinguish between them, | will use genetic mother or 

gene-mom to describe the woman who contributed the egg, and 
gestational mother or birth-mom to describe the woman whose 

womb the fetus developed in. 
The terms used most frequently to distinguish the parents 

who raise a child from the biological parents are rearing mothers 
and fathers or social mothers and fathers. In the case of adop- 
tion, the terms adoptive mother and father are applied. Occa- 
sionally, the term nurturing mother is also used, but this is 

ambiguous since nurturing can be interpreted as describing a 
temperament rather than a parental role. Most of the time, the 
parents who raise a child are referred to simply as the mother 
and father. It is only when biological parents are discussed that 
it becomes necessary to make a distinction. And when this dis- 

tinction needs to be made, I will use social mother and social 

father for the lack of any better terminology. 
Another way in which mothers and fathers are distinguished 

is through the law. But there is no absolute correspondence 
between a legal mother or a legal father and either biological 
or social parents. In cases where two mothers or fathers exist, 
the legal designation can be applied to either one depending 
on the laws of the state or the ruling of a court. Furthermore, 
the designation can change in response to further court rulings. 
Nevertheless, legal mothers and fathers have both rights and 
responsibilities toward their children that are strictly defined. 

To recapitulate, there are two possible types of fathers— 
bio-dads and social dads. And there are three types of moth- 
ers—gene-moms, birth-moms, and social moms. Obviously, the 

bio-dad and the social-dad can be the same person, as can the 
three different types of moms, which is typically the case. But 
as we shall see shortly, it is also possible for any two of the 
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three mother types to be combined into one woman, while a 
second woman takes on the role of the third mother type. 

ONE SOCIAL MOTHER AND 

ONE SOCIAL FATHER, MORE OR LESS 

Before we delve into more complicated possibilities, it is important 
to consider the most common exception to the traditional family 
model of a single bio-social father and single bio-social mother: 
the single-parent family. Throughout history, single bio-moms have 
raised their children alone because bio-dads died, took off, or 

were thrown out. In modern times, single-parent families centered 
around a bio-dad have also become commonplace. 

In addition to single-parent families formed by happenstance, 
there are now individual adults who consciously make the choice 
to become single bio-parents so they can raise their children with- 
out interference from a spouse or partner. For women, this is easy 
to accomplish. In fact, a book entitled Having a Baby Without a 
Man: The Woman’s Guide to Alternative Insemination was co- 

authored by a female physician to help women consider obstacles 
they might encounter as they proceed along this path. Biologi- 
cally speaking, the only thing that a woman needs today is a 
willing male to participate in intercourse or provide sperm for 
artificial insemination. If she desires an anonymous source of 
genetic material, she can go to a sperm bank. In the future, 
when cloning becomes available, a man won't be required at all. 

For men, the task is more complicated but not impossible. 
A publication on the World Wide Web called Fathering Maga- 
zine (http://www.father mag.com) provides a virtual support 
group for such men as well as “involved fathers, fathers who are 
the primary parent, single fathers, and men aspiring to become 
fathers.” In an interactive forum on this “webzine” one man 

wrote: 
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It is nice to know that there are other men who, like myself, 

have intentionally become a single parent. LOTS [original 

emphasis] of women have done it, and I’m sure some other 

men have, and others would like to. After all the disagree- 

ment I went through with my wife over the raising of my 

first two children, I resolved to do it again the way I wanted. 

It took me a couple of years to get the arrangement I 

wanted, but it was worth it, and I’m very pleased with the 

results so far. One way to get around the way the system 

favors mothers is to just exclude them. At least we dads 

have the encouraging single-father statistics about how the 

kids turn out. 

While the single-parent family excludes a social parent of 
one sex, another class of nontraditional families embraces a so- 

cial parent of the same sex. Children in these families have two 
social mothers or two social fathers who act as a married couple, 
in effect if not in law. One recent survey suggests that up to 6 

million children may be living in such families. 
Until recently, it was difficult for both members of a same- 

sex couple to be recognized as the joint social parents of a child. 
The problem was that antiquated laws allowed recognition of 
only a single legal mother and a single legal father. As a conse- 
quence, a child could only be adopted by the female partner of 
a bio-mom if the parental rights and responsibilities of the bio- 
mom herself were terminated. But over the last decade, gay 
couples have been granted what are commonly called “second 
parent adoptions” in fifteen states. And once an adoption is 
granted, the Constitution of the United States guarantees legal 
recognition of these joint parenting arrangements in all other 
states of the Union. 
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WHEN A BIOLOGICAL INGREDIENT IS MISSING 

Until the advent of cloning, there were three distinct biological 

ingredients that were required to bring forth each newborn baby 
into the world—an egg, a sperm nucleus, and a womb. When 
one of these ingredients was missing, the result was infertility. 
As we discussed earlier, medical science has developed increas- 
ingly sophisticated treatments, culminating in the use of IVF 
with other protocols, to help infertile couples give birth to bio- 
logical children. But these medical treatments are far from a 
panacea. First, there-are some forms of infertility that are too 
severe to be treated even with current IVF technology. Second, 

more than half of all couples who enter an IVF program fail in 
their effort to obtain biological children. And finally, the very 
high cost and low success rate of IVF stops many couples from 
pursuing this possibility in the first place. 

When the desire to have and raise children is intense, and 

when all other options for curing infertility have been ex- 
hausted, many couples are forced to consider other approaches 
to building a family. By necessity, all of these approaches are 
dependent upon the inclusion of one or more biological parents 
from outside the social family unit. 

The least technical choice is simple adoption. With adop- 
tion, all of the biological ingredients of reproduction are contrib- 

uted by a man and woman other than the social father and 
mother. As a consequence, there is a complete division between 
a child’s biological and social heritage. While adoptions will 
always occur, the number of healthy newborn babies that are 

made available each year in the United States is far lower than 
it was in the past. This is owing in large part to the 1973 

U. S. Supreme Court decision to legalize abortion, which brought 
about a dramatic reduction in the number of unwanted preg- 
nancies that go full-term. Also, the general societal acceptance 
of premarital sex has reduced the stigma of being an unwed 
mother. As a consequence, young unmarried women who typi- 

cally gave up their children for adoption in earlier times are 
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now being encouraged (by social workers) to take the opposite 
course. The result of these converging factors is that in 1984, 
2 million infertile American couples competed for 58,000 new- 

born American children. 
Aside from adoption, other traditional approaches to over- 

coming infertility are based on methods of “collaborative repro- 
duction,” to use a term coined by the bioethicist John 

Robertson. Collaborative reproduction is performed by combin- 
ing biological ingredients from one or both prospective social 
parents with ingredients “donated” by one or two nonsocial 
biological parents. 

Collaborative methods exist for restoring any one or two of 
the three biological ingredients that are required to create a 
child. Egg and womb are restored through the use of a surrogate 
mother who is inseminated with the prospective father’s sperm. 
The sperm alone is restored by artificial insemination of the 
prospective mother with a donated sample. The egg alone is 
restored by IVF with a donated egg and the prospective father’s 
sperm, followed by the introduction of the embryo into the 
prospective mother’s uterus. The egg and sperm together are 
restored by the introduction of a donated embryo into the pro- 
spective mother’s uterus. Finally, the womb alone is restored by 

IVF with sperm and egg both obtained from the prospective 
parents, followed by the introduction of the embryo into a sur- 
rogate mother. Each of these approaches to collaborative repro- 
duction will be explored in the following two chapters. 
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SURROGACY: OLD AND NEW 

“And when Rachel saw that she bore Jacob [her husband] no 

children, Rachel envied her sister [who had children earlier by 
Jacob], and said to Jacob, ‘Give me children, or I shall die!’ And 

Jacob’s anger was aroused against Rachel, and he said, ‘Am I in 

the place of God, who has withheld from you the fruit of the 
womb?’ So she said, ‘Here is my maid Bilhah; go in to her, and 
she will bear a child on my knees, that I also may have children 
by her. Then she gave him Bilhah her maid as wife, and Jacob 

went in to her. And Bilhah conceived, and bore Jacob a son. 

Then Rachel said,‘God has judged my case; and He has also 
heard my voice and given me a son.’ Therefore called she his 
name Dan.” 

As this Bible story tells us, surrogacy has been practiced at 
least as long as there have been historians to record it. Not only 
Rachel, but Sarah and Leah as well, all directed their Biblical 

husbands to make their handmaids pregnant so that they might 
“also have children by her,” as Rachel put it. It is likely that 
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surrogacy has occurred in secrecy throughout the intervening 

years as well, when infertile women, on occasion, persuaded 

sisters or friends to have a baby with their husbands that they 

could then raise. 
According to the Oxford English Dictionary, the term surro- 

gate is defined generally as, “A person . . . that acts for or takes 
the place of another; a substitute.” A 1978 Time magazine article 
provided the first use in the popular media of the term surrogate 
mother to describe a woman who brought a child to birth for 
another couple to raise as their own. But as soon as the term 
was coined, it came under attack from ethicists, feminists, and 

legal commentators who considered the term “inappropriate,” 
“bizarre,” and “troublesome.” How could the woman who gave 

birth to a child be the surrogate mother when “she is the actual 
mother”?, they asked. 

This is a clear example of how the multiple definitions of 
the word mother can cause confusion. Based on the biological 
definition, the so-called surrogate is indeed the real mother, not 

a surrogate. But in the eyes of the prospective social mother, 
the pregnant woman is indeed a biological surrogate. 

The pronouncements of academics and other critics have 
had no effect on the public at large, and surrogate mother has 
become a commonly used and commonly understood term, 
which has been modified further to describe the two possible 
ways in which the fetus carried by the surrogate mother could 

be related to her and the prospective social parents. In “tradi- 
tional surrogacy,” the surrogate mother is both the gene-mom 
and the birth-mom. This type of surrogacy is typically initiated 
by artificial insemination with sperm from the prospective social 
father. However, as the Bible tells us, sexual intercourse between 

the prospective father and the surrogate mother can also be 
used in place of artificial insemination. 

In “gestational surrogacy,” the surrogate mother is only the 
birth-mom and does not contribute genetic material to the fetus 
that she carries. This type of surrogacy is typically initiated 
with the use of gametes from both the prospective mother and 
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prospective father to obtain fertilized eggs by IVF. The embryos 
that develop are introduced into the surrogate mother’s uterus 
with the hope that one or more will implant and develop. 

The modem era of surrogacy by contract did not begin until 
the late 1970s, and the concept of surrogate motherhood did 
not enter the public consciousness until the early 1980s, after 

a series of highly publicized cases of surrogacy arrangements 
gone awry. Over the following decade, hundreds of articles on 
surrogacy appeared in popular magazines, academic journals, 

and books. Feminists, lawyers, ethicists, and theologians all ar- 

gued the case for or against the practice. In addition, various 
state courts and legislatures made determinations on the validity 
of surrogacy contracts and the proper means to resolve disputes 
when multiple parents want the child. 

HOW IT WORKS 

When a couple or individual decide to have a child through a 
surrogate mother, how do they go about doing it? One way is 
to find a friend or relative who wishes to help them overcome 
their infertility, or in the case of a single man, an inability to 
provide the maternal components of the reproductive process. 
The friend or relative agrees to become pregnant and give the 
child up upon birth to the prospective parent or parents. 

This form of surrogacy is considered “altruistic,” since the 
surrogate is acting primarily to help someone she knows rather 
than for financial gain. The prospective parents may reimburse 
the surrogate for medical expenses and perhaps living expenses 
as well. The individuals involved may or may not decide to 
formalize their agreement in terms of a legally. binding contract. 

Becoming a surrogate mother entails an enormous physical 
and emotional commitment that most women don’t want to 
make, even for a close friend or relative. Thus, more often than 

not, prospective parents will be unable to find someone to act 
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as an altruistic surrogate for them, and they will have to turn 

to a commercial surrogacy agency or broker. 
Commercial surrogacy costs money, a lot of money. The 

agency or broker will charge a fee of up to $16,000 for initiating 
the process, recruiting and evaluating surrogates, and establish- 
ing a contract, and the surrogate herself can receive up to 
$15,000 for the service she performs. Separate reimbursement 
for medical expenses associated with the pregnancy and birth 
will add another $5,000. In addition, there will be miscellane- 

ous expenses—for maternity clothes, lost wages near the end of 
the pregnancy, life insurance, counseling, and legal fees. Total 
costs can run up to $50,000 for traditional surrogacy arrange- 
ments, and more for gestational surrogacy arrangements that 
involve IVF. 

The. surrogacy contract—signed by the surrogate mother 
and the prospective parents—is critical to the process. The con- 
tract obviously requires the transfer of the newborn child to the 
custody of the contracting parents, and almost always requires 
the birth mother to relinquish any claims of legal ties to the 
child. A surrogacy contract can also impose other constraints 
on the behavior of the surrogate woman during her pregnancy. 
Smoking, drinking, and drug taking are typically forbidden, and 
specific nutrition as well as a program of prenatal medical care 
are typically prescribed. Although these constraints are meant 
to decrease the risk of harm to the developing fetus, some surro- 
gate mothers may feel that they are giving up individual liberty 
to abide by these rules. 

HOW IT’S VIEWED 

Many ethicists, lawyers, theologians, and feminists have con- 

demned the practice of surrogacy. They view it as immoral and 
harmful to the woman who acts as a surrogate, as well as society 
in general. Many also see harm befalling the baby that is handed 
over from the surrogate to the contracting couple. 
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The claim of immorality is made most forcefully by those 
who view any act of procreation that extends outside the tradi- 
tional boundaries of sexual intercourse between a married man 
and woman as a challenge to the will of God. Some have sug- 
gested further that certain forms of surrogacy are equivalent to 
adultery or incest (when, for example, a mother or sister acts 

as a surrogate mother), even when fertilization is initiated by 
artificial insemination. This objection results from an inability, 
or unwillingness, to separate sex and reproduction. 

Other critics are most disturbed by the potentially harmful 
effects that surrogacy can have on the contracting woman. They 
view the experience as “dehumanizing” to the women involved, 
and as a consequence, demeaning to society as a whole. Some 
liken commercial surrogacy to prostitution, seeing an analogy 
between the rental of a uterus and the rental of a vagina. This 
link is based on the sense that many woman enter surrogacy 
contracts out of a desperate need for money. As a result, there 

is the fear that such women will be exploited by the couples 

they are contracted to. 
Finally, some critics believe that the payment of money to 

a surrogate mother takes something away from the “human 
worth” of the child that is born. “What is fundamentally unethi- 
cal about surrogate mother arrangements is that they . . . treat 
a person (the child) as though he were a thing, a commodity,” 
says law professor Herbert Krimmel. “Surrogate mother 

arrangements . . . encourage and tempt the adopting parents to 
view children as items of manufacture.” 

I do not believe that arguments along this line, in particular, 
will ring true for anyone who has lovingly raised a child, and 
there is no evidence to support Krimmel’s claim that social par- 
ents view surrogate-borne children as “items of manufacture.” 
On the contrary, studies carried out on families with adopted 
children indicate that adoptive parents “feel no less bonded to 
their children than responsible genetic parents.” 

There are a few prominent ethicist-lawyers, such as John 
Robertson and Lori Andrews, who support the right of women 
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and men to engage in surrogacy contracts. Andrews, a professor 

at the Chicago-Kent College of Law, writes, “Symbolic argu- 
ments and pejorative language seem to make up the bulk of 
the policy arguments and media commentary against surrogacy.” 

She goes on to argue that much of the opposition is based on 
the notion that a woman must be protected from her own in- 
ability to act in an appropriate societal manner when confronted 
with the decision to become a surrogate mother. “But,” she 
points out, “arguing for a ban on surrogacy seems to concede 
that the government [original emphasis], rather than the individ- 
ual woman, should determine what risk a woman should be 

allowed to face.” She continues, “The rationales for such a ban 

are often the very rationales that feminists have fought against 
[my emphasis] in the contexts of abortion, contraception, non- 

traditional families, and employment,” and the “rationales . . . 
to justify this governmental intrusion into reproductive choice 
may come back to haunt feminists in other areas of procreative 
policy and family law.” 

As one surrogate mother, Donna Regan, testified before the 
New York legislature, “I find it extremely insulting that there 
are people saying that, as a woman, I cannot make an informed 
choice about a pregnancy that I carry. [Like everyone else, I] 
make other difficult choices in my life.” 

WHEN THINGS GO RIGHT: . 

THROUGH THE LOVE OF TWO MOTHERS 

One story of altruistic surrogacy devoid of the kinds of problems 
that its detractors fear is that of Karen Ferreira-Jorge and her 
mother Patricia (Pat) Anthony of the citrus-farming town of 
Tzaneen, 220 miles north of Johannesburg, South Africa. Karen 

and her husband Alcino had gotten married with plans to have 
a large family. But in 1984, during the birth of their first child, 
Karen almost bled to death from medical complications, and 
her uterus was removed. Karen and Alcino wanted to have more 
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children, and they considered the possibility of enlisting the 
services of an unrelated surrogate mother. But they were dis- 
couraged by fears that a surrogate mother might renege on her 
promise to give the baby up after birth. 

While Karen and Alcino desperately tried to devise a plan 
for achieving their reproductive goals, Karen’s soon-to-be-forty- 
eight-year-old mother Pat decided to offer her own services as a 
gestational surrogate. Pat’s husband and Karen’s father Raymond 

embraced the plan, along with Karen and Alcino themselves. 
And so in January 1987, Karen underwent ovarian stimula- 

tion, resulting in the production of eleven eggs that were fertil- 
ized by her husband’s sperm. Two days later, four young 
embryos were introduced into Pat’s uterus. Amazingly, given 
Pat’s age, three of the four embryos implanted successfully and 
began to develop. At dawn on Thursday, October 1, 1987, three 

healthy babies named David, Jose, and Paula were born by Cae- 

sarean section at Park Lane Clinic in Johannesburg. Karen, who 
had received hormones to stimulate milk production, began to 
breast-feed all three children within hours of their birth. 

This was one surrogacy arrangement in which everyone 
came out a winner. Karen and Alcino got the large family they 
had dreamed of. Pat and Raymond got three new grandchildren 
to spoil in the way that most grandparents do. And Pat, in 
particular, could take pride in the ultimate gift of love that she 
had given to her daughter. Finally, David, Jose, and Paula will 
grow up with the knowledge that they have a special grand- 
mother unlike almost any other grandmother in the world. 

WHEN THINGS GO WRONG: 

MARY BETH AND BILL 

Among all reproductive technologies practiced now, and in the 
future, surrogacy will always hold a unique position at the heart 
of a potential ethical dilemma that can pit parent against parent. 
To appreciate the uniqueness of this dilemma, we must first 
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explore the emotional attachment associated with each compo- 

nent of the reproductive process. 
Of the three biological ingredients that go into the creation 

of a baby, the sperm component is the easiest to come by. A 
fertile man can deposit 100 million viable sperm into a cup in 
a few minutes without any third-party assistance. With today’s 
technology, the contents of that single cup could be used to 
repopulate the entire country of France. 

Eggs are not so easily obtained. But if a woman is willing 
to subject herself to two weeks of hormonal treatments and a 

simple medical procedure that can be carried out in a doctor’s 
office, it is possible to recover a dozen or two of her gametes 
as well. The increase in time commitment and discomfort expe- 
rienced by an egg donor is typically balanced by a much larger 
reimbursement for services. 

Men and women who contribute sperm or eggs alone to 
collaborative reproduction are similar in an important way. Both 

can be eliminated from the process before a single embryo is 
conceived, and even before it is known which of the many 
gametes they provided (if any) might actually be used in the 
formation of a child. As a consequence, sperm and egg donors 
need never have a chance to form an emotional bond with a 
potential descendant, except perhaps in their imagination. 

The third biological ingredient in reproduction—the 
womb— differs substantially from the other two in the commit- 
ment it entails from the woman. A surrogate mother may be 
forced to make physical and emotional sacrifices that far exceed 

any made by either gamete donor. And unlike sperm and egg 
donors, a surrogate mother may try to back out of a collabora- 
tive reproduction arrangement at the very last minute and keep 
the child that is born. For these reasons, surrogacy is often seen 
by potential parents as a high-risk approach to overcoming an 
infertility problem. 

What might cause a woman to renege on a surrogacy ar- 
rangement after a birth has taken place? It’s the intimate contact 
that exists between the surrogate mother and her maturing fetus. 
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The fetus “never leaves her side” throughout her pregnancy. By 
the end of the fifth month, she can feel it move as she eats, 

sleeps, and goes about her daily activities. During the last two 
months of her pregnancy, she can feel it respond to external 
stimuli like loud sounds or music. At the end of her pregnancy, 
she can watch as this fetus emerges from her body as a baby. 
Although she agreed to give away a “virtual baby” before it was 
even conceived, natural instincts—accumulated through mil- 

lions of years of evolution—may be telling her now to renege 
on her promise and keep her very real baby for herself. (It is 
important to point out that even during the early years of com- 
mercial surrogacy, less than 1 percent of surrogate birth mothers 
reacted in this way.) 

During the same nine-month period, there is another couple 
anxiously awaiting the birth of their baby. The man may be the 
father of this baby according to every meaning of the word. The 
woman will be only a prospective mother in the case of tradi- 
tional surrogacy, but she will be the gene-mom, as well, in the 

case of gestational surrogacy. Although neither will feel the fetus 
within their bodies, they will almost certainly feel it within their 

minds. In a very real sense, gestational surrogacy can provide 
a prospective mother with an experience parallel to that felt by 
billions of prospective fathers, as they await the births of their 

children during the course of normal reproduction. 
What happens when the surrogate mother and the con- 

tracting couple both want to keep their baby? How does one 
resolve a conflict between what may be equally valid, but in- 
compatible expressions of essential human desires? The nation 
was forced to consider this very ethical dilemma when Mary 
Beth Whitehead decided that she wanted to keep the child that 
she bore under contract to William (Bill) and Elizabeth 
(Betsy) Stern. 

Bill and Betsy were forty-one-year-old professionals who 
lived in the upper middle class New Jersey suburb of Tenafly. 
They had been married for twelve years when they decided to 
use surrogacy as a means to have a child. Bill was a biochemist 
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and Betsy a pediatrician. Betsy had no reason to believe that 

she was infertile, but she had a mild case of multiple sclerosis 

and feared that a pregnancy could exacerbate her physical con- 
dition. In 1985, the Sterns contacted the surrogacy broker Noel 
Keane who brought them together with Mary Beth Whitehead, 
an unemployed twenty-nine-year-old mother of two (ages ten 
and twelve) married to a sanitation worker and living in a working- 
class neighborhood of Brick Township, a short drive away from 
Tenafly. Keane drafted a surrogacy contract, signed by the 
Whiteheads and the Sterns, in which Mary Beth agreed to 
achieve pregnancy through artificial insemination with Bill’s 
sperm, and then relinquish the baby to the Sterns after it was 
born. The Sterns paid a broker fee of $7,500 at the outset, and 

agreed to reimburse Mary Beth for all costs associated with the 
pregnancy and pay her $10,000 after the baby had been trans- 
ferred to their custody. 

“Baby M,” as she is referred to by the court, was born on 
March 27, 1986. At once, Mary Beth knew she had a made a 

mistake. “Seeing her, holding her, she was my child,” she said. 
“I signed on an egg. I didn’t sign on a baby girl, a clone of my 
other little girl.” With these thoughts in mind, she put the name 
Sara Elizabeth Whitehead on the birth certificate. 

Nevertheless, after a three-day stay in the hospital with her 
birth mother, the baby was handed over to the Sterns according 
to the contract. The Sterns named the little girl Melissa. But 
less than twenty-four hours later, Mary Beth appeared at the 
front door of the Sterns’ Tenafly house and pleaded with them 
to allow her to bring the baby back to her Brick Township 
home for just a week. The Sterns agreed, hoping that a short 
period with her baby would allow Mary Beth to come to terms 
with her original decision and relinquish the child peacefully. 
But a peaceful resolution was not to be had. 

Mary Beth refused to accept the $10,000 surrogacy fee and 
for five weeks kept Sara at her home, even as the Sterns pleaded 
for the child’s return. Finally, the Sterns obtained a secret court 

order granting them custody of Melissa. Together with court 
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marshals, the Sterns stormed into the Whiteheads’ home to res- 

cue their baby. But as the Sterns waited in the living room, Sara 
was passed out through a ground floor bedroom window and 
whisked away down the New Jersey Turnpike. When the mar- 
shals realized that the baby was gone, there was nothing more 
they could do at the Whitehead house, and the Sterns were 
forced to return home in horror and anguish. Soon thereafter, 
Mary Beth disappeared from her New Jersey home as well. 

A private detective was hired by the Sterns to search for the 
missing baby. For three-and-a-half months, Bill and Betsy 

waited in Tenafly, not knowing whether they would ever see 
Melissa again. Finally, the detective discovered Mary Beth and 
her baby hiding with Mary Beth’s mother and other family 
members in a small home in Florida. The FBI was notified and 
surrounded the house as the detective went inside and found 
Sara nursing at her mother’s breast. As the law watched, he 
pulled the baby from Mary Beth, whisked her out of the house 
and back north to Bill and Betsy Stern. It was now the 

Whitehead family’s turn to feel horror and anguish. 
As the Sterns maintained custody of Melissa, the case pro- 

ceeded to a highly publicized six-week trial. One year after the 
baby’s birth, the judge, Harvey Sorkow, announced his decision. 
He accepted the surrogacy contract as valid and enforceable; 

granted permanent custody of the child to Bill Stern; terminated 
all of Mary Beth’s parental rights and ties to the child; and made 
Betsy Stern the legal mother. 

Mary Beth was appalled by the ruling, and she appealed it 
before the New Jersey Supreme Court. On February 3, 1988, 
the high court made its decision “In the matter of Baby M.” 
Although mostly a victory for the Sterns, it was at the same 

time a defeat for the future practice of commercial surrogacy 
in the state of New Jersey. What the court did was to overturn 
the trial court decision and declare all surrogacy contracts, 
like the one entered into by the Sterns and Whiteheads, illegal 

and unenforceable. The practical consequence was that if a 
woman did decide to enter into a now-illegal surrogacy contract, 
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she was under no obligation to relinquish the child that she 

had conceived for the contracting couple or individual. 
But in the particular “matter of Baby M,” the court decided 

to grant custody to Bill and Betsy, primarily because the baby 
had already lived with them for almost two years and it was 
deemed in the child’s best interest for her to stay with the man 
and woman she called daddy and mommy. At the same time, 
Mary Beth Whitehead was granted weekly visitation rights and 
regained her status as the legal mother. While the outcome was 
less than ideal for all concerned, there was no appeal to the 
U.S. Supreme Court; everyone felt that Melissa/Sara had already 
experienced enough turmoil to last two lifetimes. 

IN THE WAKE OF BABY M 

There is no simple ethical solution, no single right answer, to 
the dilemma that arises when a surrogate mother wants to keep 
her baby. As such, it is fascinating to look at the political align- 
ments that have occurred with conservatives and liberals on 
both sides of this issue. Prominent feminists like Betty Friedan 
and Gloria Steinem, who feel that surrogacy degrades women, 
have allied themselves with strange bedfellows—like the social 
reactionary Senator Henry Hyde and the Catholic church—to 
oppose the validity of surrogacy contracts and argue in favor of 
the birth mother keeping the baby. In contrast, a small number 
of feminist scholars like Lori Andrews—who oppose govern- 
mental restriction on women’s procreative choices—are allied 
with traditional conservatives who believe that fully informed 
individuals should live up to the terms of the contracts 
they've signed. 

Others—including individuals and state courts—take a 

more nuanced view of the biology and make their decision 
accordingly. To those in the middle, the double biological con- 
tribution—of genes and a womb—made by traditional surro- 
gates like Mary Beth Whitehead trumps the single contribution 
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made by a contracting biological father like Bill Stern. In cases 
of gestational surrogacy, the balance tips the other way—with 
the contracting couple providing both the maternal and paternal 
genetic components, and the surrogate mother providing only 
the womb. Many assume (falsely) that there can only-be a single 
“real biological mother,” and they award this distinction to the 
contracting genetic mother (who only contributed an egg). With 
this analysis, the baby that results from gestational surrogacy is 
naturally given to the contracting couple. 

Although it was clear that ethical dilemmas of the type 
raised by Baby M would only occur in a small fraction of surro- 
gacy arrangements, the televised plight of Mary Beth Whitehead 
had an enormous legal fallout. In addition to New Jersey, a 
number of states, including Arizona, Kentucky, Indiana, New 

Mexico, North Dakota, Louisiana, Nebraska, Utah, and Wash- 

ington have ruled that surrogacy contracts are void and unen- 
forceable. What this means, in practice, is that a surrogate 
mother living in any one of these states has the right to change 
her mind after a birth and retain custody of the baby. The law 

in Arizona went so far as to establish the surrogate mother and 
her husband (if she is married) as the legal mother and father 
of a child, even in the case of gestational surrogacy where sperm 
and egg were both derived from a contracting couple. (This law 
was recently struck down in the Arizona courts.) 

Some states go even further. The legislatures of Michigan, 
Virginia, New Hampshire, and New York have all ruled the 
practice of commercial surrogacy a criminal act with the imposi- 
tion of penalties on those who take part. In Michigan, the penal- 
ties are severe. Surrogate mothers themselves can be charged 
with a misdemeanor that carries a fine of up to $10,000 and 
one year in prison. And individuals who arrange a surrogacy 

agreement can be charged with a felony, which carries a fine of 
up to $50,000 and five years in prison. Policies outside the 
United States are similar. The United Kingdom, France, Ger- 

many, and Australia all criminalize commercial surrogacy to one 

degree or another. 
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Mary Beth Whitehead is the symbol of all that can go wrong 
with a surrogacy arrangement and the rallying point for those 
who would ban this component of reprogenetics. But what if 
surrogacy could be practiced in a way that eliminated the possi- 
bility of any future Mary Beths? What if it became possible to 
guarantee that every contracted surrogate mother would freely, 

and without regret, relinquish the baby she conceived to a con- 
tracting couple or individual? Would this elimination of “the 
real problem with surrogacy” make a difference, if not in the 
law, at least in the real world? 

THE REALITY 

Surrogacy has not been in the news much lately. There is the 
occasional case with a peculiar twist that shows up one day and 
is forgotten the next, but in general, the surrogacy front seems 
very quiet. Perhaps, you might think, the law has taken its toll 
and successfully removed this reprogenetic practice from the 
American landscape. Perhaps it has been run underground to 
be practiced only on occasion and always away from the prying 
eyes of the reproductive police. 

Think again. 

The American surrogacy industry is booming and it’s in 
broad daylight. If you cruise onto the World Wide Web and 
go to the address http://www.surrogacy.com, you'll find The 
American Surrogacy Center, Inc., which lists surrogacy brokers 
and full-service agencies on a state-by-state basis. In August 
1996, there were seven listings in California alone. The on-line 
site also provides information, articles, classified advertisements, 

and detailed descriptions of all aspects of the surrogacy process. 
Surf over to http:/Avww.opts.com, and you'l find The Organization 
of Parents Through Surrogacy, a “national, nonprofit, all-volunteer 

organization whose purpose is mutual support, networking, 
and dissemination of information regarding surrogacy.” And for 
detailed information on individual surrogacy agencies go to 
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http://www.surroparenting.com for the Center for Surrogate Par- 

enting @ Egg Donation in Beverly Hills, California, or http:// 
www .babies-by-levin.com for Surrogate Parenting Associates in 
Louisville, Kentucky, or http:/Avww.surrogacyagency.com for 
Surrogate Parenting Center of Texas in Austin, or http://www. 

surrogatemothers.com/ for Surrogate Mothers in Monrovia, 
Indiana. 

If commercial surrogacy is being practiced to a greater ex- 
tent than ever before, why isn’t it in the news anymore? First, 

it seems that everything that could be said about surrogacy has 
been said ad nauseam. Second, surrogacy facilitators have fig- 
ured out how to avoid the well-publicized fiascos of the past 
through judicious screening of potential surrogate mothers. 

But how can surrogacy be practiced in broad daylight across 
the United States when so many states have made it illegal? It’s 
all because of the American Constitution. The Constitution 
clearly hands over to individual states the right to decide all 
laws that govern family matters such as marriage, divorce, adop- 
tion, and birth rights. This means that if you want to get mar- 
ried or divorced quickly, you can find a state that will satisfy 
your wishes. And if you want to use a surrogate mother to give 
birth to your child, the same holds true. 

The practical effect of the governance of surrogacy by state 
law is that the only laws that count are the ones in the most 
lenient states. There’s no reason to risk hefty fines and jail time 
in Michigan when you can drive across the border to Ohio 
where a gestational surrogate will be ordered by the court to 
live up to the terms of the contract that she signed before she 
got pregnant. And the cost of several cross-country plane tickets 
between New Jersey and California is minimal compared to the 
$45,000 that you may spend no matter where the surrogate 

lives. 
Perhaps surprisingly, the most surrogacy-friendly state in 

the country today—as far as contracting parents are con- 
cerned—is Arkansas. In cases of both traditional and gestational 
surrogacy, Arkansas recognizes the contracting couple or indi- 
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vidual as the legal parents or parent whose name(s) are placed 
on the birth certificate. If a dispute were to arise, the contract 
would control the outcome, which means that the surrogate 

mother would have to relinquish custody of the baby. 
Two other surrogacy-friendly states are California and Ohio, 

where contracting parents are deemed the legal parents in cases 
of gestational surrogacy. In these states, however, a surrogate 
mother in a traditional arrangement might be able to claim 
custody over the child if a dispute were to arise. But imagine 
what would happen if it became possible for surrogacy agencies 
to guarantee that the birth mother would freely relinquish the 
baby at the time of birth. The number of states where commer- 
cial surrogacy could be practiced out in the open would increase 
dramatically to include all those where it wasn’t expressly for- 
bidden. This would likely include up to half the states in the 
union. 

For all practical purposes, we are already there. The Beverly 
Hills Center for Surrogate Parenting & Egg Donation has shep- 
herded 456 surrogate births as of April 1996, all without inci- 
dent, and in Kentucky, Surrogate Parenting Associates has 

shepherded more than 500 surrogate births, again all without 
incident. 

These and other surrogacy centers have reached the goal of 
almost guaranteed success by carefully selecting surrogate moth- 
ers based on an extensive series of criteria that are applied to 
each potential surrogate through interviews and psychological 
screening. The Center for Surrogate Parenting & Egg Donation 
says that it only accepts one prospective surrogate mother out 
of twenty that apply, and it bases its selection on a strict screen- 

ing process that can take three to five months. The current 
status of commercial surrogacy is aptly summarized by Steven 
C. Litz of The American Surrogacy Center: 

No surrogate should be allowed to participate in a program 
without thorough psychological screening. While some pro- 
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grams are notorious for their lack of screening, they are 

also the ones who have had disasters occur. When surrogacy 

is conducted responsibly, it is universally successful. Of the 

thousands of children born to surrogates, there has yet to 

be a single case where a surrogate who was adequately 

screened before conception changed her mind and tried to 

keep the child. 

Can we use the evolving practice of surrogacy in America 
as a harbinger of the future use of more advanced reprogenetic 
technologies? It is my contention that we can, and the implica- 
tions are stunning. What the brief history of surrogacy tells us 
is that Americans will not be hindered by ethical uncertainty, 
state-specific injunctions, or high costs in their drive to gain 
access to any technology that they feel will help them achieve 
their reproductive goals. 



Buying and Selling Sperm 
and Eggs 

DONOR INSEMINATION 

When the missing ingredient in a couple’s desire to have a child 
is the father’s genetic material or when a single woman desires 
to have a child without the participation of a man, the solution 
to babymaking is artificial insemination by donor, now more 
commonly referred to as donor insemination or DI. 

Artificial insemination has a long history as a reprogenetic 
technology, going back more than two hundred years to a time 
before it was even realized that a single sperm cell was required 
to initiate a pregnancy. The Italian priest and physiologist Lazzaro 

Spallanzani was the first to achieve a pregnancy with this technique 
in experiments performed on dogs in 1782. And in the 1790s, 
the Scottish physician John Hunter facilitated the first successful 
artificial insemination of a woman with her husband’s sperm. In 
this particular case, the man was infertile solely because of a con- 
genital malformation of the penis. Hunter didn’t do the procedure 
himself; instead, he gave the husband a syringe to be filled with 

ejaculate for injection into his wife’s vagina. 

178 
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Additional cases of artificial insemination of women with 
their husband’s sperm (as a medical treatment for certain fertility 
problems) were reported in various countries of Europe and in 
the United States throughout the nineteenth century. And in 
1884, at Jefferson Medical School in Philadelphia, the first suc- 

cessful insemination of a married woman with sperm from an 
anonymous donor was performed by the physician William Pen- 
coast. The donor was a medical student described as “the hand- 
somest student in his class.” 

The use of donor insemination grew steadily, and quietly, 
during the years before World War II. But only a fraction of 
the couples who might have taken advantage of the technique 
actually did, for most husbands resisted the notion of having 

and raising a child that was not genetically their own. In many 
societies and cultures, a marriage is not perceived to be truly 
consummated until a couple reproduce children with their own 
genetic material. In this light, a DI child would forever pose a 
threat to a man’s ego as living proof that he was unable to 
perform “nature’s primary task.” 

Another reason for the slow acceptance of DI was the shock- 
ing nature of this first of the many reprogenetic technologies 
to: be developed and used during the twentieth century. Some 
legislatures and courts in the United States, Canada, and En- 

gland equated DI with adultery and DI children were labelled 
illegitimate, even if the husband had consented to the proce- 

dure. The negative legal response to DI that held sway into the 
1960s was clearly a mirror of prevailing public opinion in an 
era when “good girls” waited until marriage before having sex, 
and divorced women were considered “used goods.” The 
thought of having a strange man’s semen in their vagina was 
probably enough to stop many women from considering DI. 

In addition to these legal and emotional problems was a 
technical one imposed by the difficulty of coordinating the 

schedules of the sperm donor and the recipient couple. The 
date on which the procedure could be performed was deter- 
mined entirely by the woman’s natural ovulatory cycle. And on 
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this date, the sperm donor had to appear in person in the physi- 

cian’s office, or close by, and masturbate on demand. As de- 

scribed by fertility experts R. Snowden and G. D. Mitchell: 

The donor may not be feeling particularly well or it may 

be otherwise inconvenient to supply the semen at a given 

time. The process of masturbation to order during a working 

day is not an activity that most men would consider 

satisfactory. . . . The donor is also asked to abstain from 

sexual activity for a period of time before the semen is 

collected and the inconvenience of this may be 

considerable. . . . The donation of semen is not as straight- 

forward or as easy to arrange as it might appear. 

With the first report of a technique for the successful cryo- 
preservation of human sperm in 1953, scheduling problems for 
the donor could be eliminated. Suddenly, it became possible to 
store many different sperm samples ahead of time with dona- 
tions obtained on different days from different men. The freez- 
ing technology provided physicians with the ability to select the 
donor with physical characteristics that most closely matched 
those of the husband, so that families could more readily hide 

the origin of their DI children from the world. Furthermore, 
sperm donor and recipient never had to be in the same place 
at the same time, which could serve to eliminate fears of an 

accidental meeting and ensure donor anonymity. 
But although sperm freezing eliminated technical problems 

associated with DI, and its use gradually increased, it was still 
practiced in the shadow of the law and public opinion for the 
same reasons that prevailed before 1953. Then, in the 1970s, 

the use of DI by infertile couples skyrocketed as it became 
generally accepted across American society. 

A new code of sexual morality, an increased openness in 
discussing male infertility, and a reduction in the pool of babies 
put up for adoption played a role in the change of public opin- 
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ion. Again, a critical factor was simply the passage of time re- 
quired for a practice viewed initially as alien and unnatural to 
become familiar and nonthreatening. 

In 1974, the American Medical Association made an ill- 

advised attempt to take control over this burgeoning new repro- 
genetic technique by proposing that only licensed physicians be 
allowed to practice DI. Unfortunately, most male physicians of 
the day tried to impose their own moral code on which women 
could be inseminated, and this almost always excluded unmar- 
ried women and lesbians. 

The AMA effort to corner the market was bound to fail 
anyway since the essential ingredients required for DI—a plastic 
container to hold the ejaculate and a turkey baster to deposit 
it near the cervix—can be purchased at a supermarket. And 
beginning in 1978, a series of women-friendly health centers 
established donor insemination programs that allowed single 

heterosexual and gay women to obtain anonymous sperm dona- 
tions as well. 

A comprehensive 1987 U.S. government survey of artificial 
insemination showed how widespread and accepted the practice 
had become. Over the span of a single twelve-month period 
between 1986 and 1987, an estimated 8,000 physicians offered 

donor insemination services to 77,000 women, which resulted 

in the birth of approximately 30,000 DI babies. Add to this 
number all of the DI pregnancies achieved each year without 

physician assistance, and extrapolate out to the late 1990s when 
the birth rate is even higher, DI is more fully accepted by soci- 
ety, and single and gay women are becoming parents in unprec- 
edented numbers, and you get an idea of the enormous impact 
that this simple reproductive technology has had on society. It 
is impossible to know the total number of people alive today 
who were conceived through DI, but an estimate of 1 million 

does not seem unreasonable. 
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EGG DONATION 

So far we have considered methods that can be used by couples 

missing either the sperm ingredient or the womb ingredient 
from the reproductive equation. The final ingredient in this 
equation is the egg. When the male member of a couple is 
fertile and the female member is unable to produce viable eggs, 
but is otherwise healthy, there are two potential ways to have 
a child who is genetically related to the social father. The couple 
can engage the services of a surrogate mother, as we discussed 
previously, or they can obtain donated eggs for fertilization, 
introduction, and hopefully implantation, into the uterus of the 
woman who desires the child. 

In contrast to artificial insemination, which has been prac- 

ticed for more than two hundred years, and surrogacy, which 
has been practiced for at least three thousand, egg donation 
only became possible with the successful application of human 
IVF beginning in 1978. The first pregnancy to be initiated with 
a donated egg was reported at Monash University in Melbourne, 
Australia, in November 1983. Since that time, the practice has 

spread around the world to many of the same clinics that prac- 
tice standard IVF. 

Egg donation has several advantages over surrogacy. First, 
with the removal of the egg donor from the scene before fertil- 
ization even occurs, the possibility of an attachment forming 
between donor and child can be eliminated. Second, the infertile 

woman can become, in at least one sense, the biological mother 
of the child that is born. Finally, the number of women willing 

to donate eggs is much larger than the number of women will- 
ing to become surrogate mothers. So while couples may have 
to wait months or years to find a suitable surrogate, the Center 

for Surrogate Parenting & Egg Donation reported in December 

1995 that they had a list of 150 women who were waiting for 
recipient couples to choose them as egg donors. 

What this fertility center and others have begun to do, in 

fact, is to treat egg donors in almost the same way that sperm 
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banks treat sperm donors. Egg donors are recruited by advertis- 
ing or “word of mouth” and are interviewed by specially trained 

psychologists and social workers at the fertility center. Those 
who meet established criteria are put on a list that is presented 
to prospective recipient couples. In the one main «difference 

from sperm donation, egg donation typically does not ensue 
until after a particular donor has been chosen by a recipient 
couple. This allows freshly donated eggs to be fertilized immedi- 
ately with the prospective father’s sperm. 

OTHER COMBINATIONS AND POSSIBILITIES 

Donor sperm, donor eggs, and donor wombs can be, and have 
been, combined in every possible way to provide couples and 
individuals with the opportunity to overcome different combina- 
tions of infertility. When couples are unable to produce either 
sperm or eggs, but the woman has a healthy uterus, they can 
resort to the use of either a donor embryo or two donor ga- 
metes. Donor embryos are often available from other infertile 
couples who have succeeded at IVF and have leftover frozen 
embryos that they don’t plan to use. But a couple can gain 
more control over the process by choosing a specific egg donor 
and a specific sperm donor (who will never actually meet each 
other) to generate fertilized eggs by IVF that are introduced into 
the womb of the prospective social mother. 

Since the child that emerges from a double donor arrange- 
ment has no genetic connection to either social parent and, in 
this sense, is no different from one who has been adopted, you 
may ask, “Why bother?” Because by using reprogenetic technol- 
ogy, a woman is able to establish—with a child—a biological 
connection that she would not have had in the case of adoption, 
and because it is much more difficult today to find healthy 
newborn children to adopt than it is to find sperm and egg 
donors. Thus, an embryo or double gamete donation is probably 
the easiest route that such couples can take to become parents. 
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In another combination of fertility problems, the female 

member of a couple may be unable to carry a fetus to term, 

but will be able to produce eggs, while her male partner will 

be unable to produce sperm. The simplest solution in this case, 
other than adoption, is to engage a gestational surrogate mother 
who receives embryos formed in vitro with eggs provided by 
the social mother-to-be and sperm provided by a donor. This 
combination of reprogenetic technologies turns the traditional 
surrogacy arrangement on its head, since the baby that emerges 
is genetically related to the contracting mother but not the con- 
tracting father. 

When a woman is unable to produce eggs and is also unable 
to carry a fetus to term (owing to a radical hysterectomy, for 
example), she will again need the services of a surrogate. If her 
male partner is fertile, the simplest solution would be to con- 
tract for a traditional surrogacy arrangement in which the surro- 
gate is artificially inseminated with the prospective father’s 
sperm, as in the case of Baby M. However, legal experts on 
surrogacy like Thomas M. Pinkerton, writing for The American 
Surrogacy Center, have suggested the use of donated eggs from 
a third woman in such cases to reduce the connection between 
the surrogate mother and the baby she brings to birth. This 
arrangement is referred to as “ovum-donor gestational surro- 
gacy.” In the unlikely event that a surrogate in such an arrange- 
ment changes her mind, the courts, in California at least, would 

presumably grant custody of the child to the contracting couple 
since the surrogate would have no genetic tie to the baby. In a 
traditional surrogacy arrangement in California, the surrogate 
mother would be given preference instead. 

Finally, one can imagine a scenario in which the three biologi- 
cal ingredients come from three different donors, when both mem- 
bers of a couple are unable to produce sperm or eggs, and the 
prospective social mother is unable to carry a fetus to term. They 
contract with a surrogate mother to be implanted with embryos 
formed in vitro with donated sperm and eggs. The child who is 
born will have to contend with having a social mother and social 
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father and also a biological father, a genetic mother, and a birth 

mother—five different primary parents in all! 
Such scenarios have already occurred and will occur more 

frequently in the future. Why? First, there is the legal advantage 
suggested by Pinkerton in severing the genetic connection be- 
tween the surrogate mother and the fetus she carries. But, in 

addition, there is another perceived advantage to ovum-donor 
gestational surrogacy that most people think is better left unsaid. 
This is the notion that women willing to become surrogate 
mothers are likely to be missing some important attributes that 
infertile couples would prefer to see in the genetic mother of 
their child. 

A good surrogate mother is one who already has children 
of her own and is willing to put up with the discomforts of 
pregnancy in order to benefit substantially from a fee of $15,000 
or less. Typical surrogate mothers will not have college degrees 
or professional careers. Although a woman in good health with 
just a high school education may make an ideal surrogate 
mother, she will seem less than ideal as a genetic mother to 

many highly educated dual-career couples in need of an egg. 
And who would an ideal gene-mom be? Perhaps an under- 

graduate major in physics at Princeton University. The following 
advertisement ran in Princeton’s student newspaper during April 
1995. Similar ads are commonly listed in student newspapers 
at every Ivy League university: “Loving, infertile couple (Yale 
’80 grad and husband) wanting to start a family needs a healthy, 
light-haired, Caucasian woman (ages 21-32) willing to be an 
egg donor. Reimbursed $2,000 plus expenses for time and ef- 
fort. Comprehensive physical at leading NYC hospital included. 

Please call (212)... .” 

GAMETE DONATION AND EUGENICS? 

As the practice of donor insemination grew slowly from the 

1930s through the 1970s, physicians followed along the trail 
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blazed by William Pencoast in 1884. With few exceptions, they 

were the ones who chose the donor, and more often than not, 

the donor was a medical student, or another doctor. In addition, 

many practitioners selected only those who appeared to possess 
superior intelligence, a pleasing personality, and “good looks,” 
while nearly all rejected anyone with personality or health prob- 
lems of any kind. In more recent times, physicians have sub- 
jected prospective donors to family histories as well as complete 
physical exams to further weed out those who might possibly 
carry disease genes or who have more subtle physical or mental 

health problems. 
Although each of the thousands of physicians who have 

performed DI over the years may have acted solely in regard to 
his or her own conscience, in the aggregate, they have caused 
more than a million human beings to be born with a combined 
genetic heritage that is clearly skewed from the average for the 
population as a whole. While the contribution of genes to innate 
intellectual abilities in any individual may be debated, all con- 
temporary scientists agree that some contribution does exist, 
and there is no longer any question that genes play a fundamen- 
tal role in physiological and mental diseases—such as obesity, 
schizophrenia, alcoholism, and manic depression—as well as 

general physical characteristics, both positive and negative. 
Thus, what DI practitioners have done through their methods 

of donor selection is to shift the distribution of genes present 
in the million-strong population of DlI-conceived Americans 
away from the distribution present in the population at large. 

Plain and simple, the practice of donor insemination in 

America has produced a eugenic outcome, according to the origi- 
nal definition of this word. Just as Francis Galton, the founding 
father of eugenics, proposed in the late 1800s, “selective breed- 
ing’ among humans has been used to alter the gene pool of a 
small portion of the population. 

Without a doubt, governmental attempts to impose eugenic 
policies have caused harm to individuals as well as to whole 
societies through restrictions on immigration and reproductive 
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freedom and, in the most extreme cases, genocide. But DI eu- 
genics does not restrict individual reproductive possibilities, it 
enhances them. The children who are born are not harmed in 
any way. In fact, from a statistical point of view, they are less 
likely to develop the disease traits that have been selected 
against in donors. The parents are not harmed either, so long 
as they don’t hold unrealistic expectations of what their children 
can achieve (which is a problem for many parents of tradition- 
ally conceived children). Finally, it is difficult to see any nega- 
tive effect that donor selection might have on society as a whole. 

If there were any problem with the traditional practice of 
physician-assisted DI, it was that the doctor (almost always a 
male) typically assumed that he was the one who could make 
the best choice for the couple in need. But now DI is becoming 
a consumer market with more and more prospective parents 
deciding for themselves on the choice of a donor from catalogs 
provided by numerous American sperm banks that are compet- 
ing for their business. 

The trend toward a consumer market began with the es- 
tablishment, in 1979, of a California sperm bank called The 

Repository for Germinal Choice, founded by a retired seventy- 
five-year-old optometrist named Robert Graham, who had 
made a fortune from his invention of shatterproof eye glasses. 
Graham, who funded the nonprofit sperm bank with his own 
money, intended originally to accept sperm donations only from 
Nobel Prize winners and to provide samples only to well- 
adjusted married women with IQs over 140. 

Graham’s intentions were clearly eugenic. As echoed by one 
of his donors, the controversial Nobel laureate William Shock- 

ley, “The principles of this may not be popular, but they are 
sound. We’re trying to take advantage of the possibilities of 
genetics. We are hoping for a few more creative, intelligent 

people who otherwise might not be born.” 
The media response to Graham’s project was one of horror 

and amusement. The “Nobel Sperm Bank,” as it was routinely 

called, was the butt of many jokes as well as critical editorials 



188 G@ REMAKING EDEN 

in newspapers across the country. The editors of the New York 

Times remarked sarcastically, “If intellectual qualities were inher- 

itable in any simple fashion, those who conceive with the help 
of the Nobel sperm could count on offspring endowed with a 
great deal of vanity and a plain dearth of sense. Chances are, 
however, they will get themselves just children.” 

Other critics were not so kind. Dr. Kenneth Dumars, head 

of the division of clinical genetics at the University of California 
Irvine, declared, “This is a gimmick, an unrealistic hope for 
families. To hold out the idea that Nobel sperm will help society 
is sheer bull.” 

By 1984, Graham was forced to abandon his original plans. 
He had been unable to convince more than a handful of Nobel 
Laureates to donate their sperm, and the few samples obtained 
were of poor quality owing to the advanced age of the donors. 
Surprising to Graham, though, was his discovery that most 

women were not interested in being inseminated by Nobel 
sperm. “Nobelists are generally so old that all the female recipi- 
ents were tumed off,” he said. “Even on paper, women are 

drawn to younger men.” 

So he solicited young California research scientists whom 
he called “potential Nobelists” as well as others who excelled 
physically like a Gold Medal—winning Olympic athlete. He also 
decided to relax his requirements for recipient women, allowing 
almost anyone who was married, under thirty-eight, healthy, 
and able to provide a child with a decent standard of living 
to participate. : 

By this point, Graham’s approach to Donor Insemination 
was different only in degree from the selective protocols used 
routinely by most other DI providers who also chose men of 
high intelligence and good physical characteristics. The real dif- 
ference in the early 1980s was that Graham allowed couples to 
choose their donor, while most other DI providers did not. 

By the mid-1990s, other selective sperm banks catering to 
the consumer sprang up around the country. Some, like The 
Fertility Research Foundation in Manhattan, also stock samples 
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from scientists and Olympic athletes. Others, like Cryobank, 
with branches in Palo Alto and Boston, specialize in sperm sam- 
ples from top-ranked college students at places like Stanford, 
MIT, and Harvard. Prospective customers are provided with a 
catalog describing pertinent characteristics of each donor, in- 
cluding a detailed physical description; medical history; special 
talents in music, art, or athletics; education; and SAT scores. 

For an additional fee, a “donor matching counselor” can be 
enlisted to provide a more sophisticated match between the 
desires of the recipient couple and a chosen donor. 

The Repository for Germinal Choice (which had facilitated 
two hundred births by the end of 1991) and other sperm banks 
will not change society in the grandiose way that Graham imag- 
ined. Instead, they will simply provide infertile couples with the 
opportunity to select donors having characteristics that they, as 
prospective parents, find appealing. The chance that those same 
characteristics will end up in the children that result is not at 
all guaranteed. 

If presented with the choice, the vast majority of prospective 
parents would rather give their children their own genes and 
not those of a gamete donor, irrespective of who that donor 
might be. But when a person is unable to pass his or her genes 
on to his or her child, then gamete donation becomes an alter- 
native. And many people in Western societies today would pre- 
fer to raise “as their own” a child with a stranger’s genes rather 

than have no child at all. 
Once the decision has been made to accept gamete dona- 

tion, it seems only reasonable to assume that parents will want 
to select the best donor possible. What does this mean? Con- 
sider the comments made in 1994 by several satisfied parents 
who had conceived children with sperm samples obtained from 

Graham’s sperm bank: 

“First of all, we wanted a healthy baby. But we also wanted 

a special baby, someone who would do well, someone who 



190 & REMAKING EDEN 

would succeed. . . . Doesn’t every parent want that? Doesn't 

everybody want their baby to be smarter than the others?” 

(Sandy Fuller) 

“At the end of the day, I only wanted a healthy, happy 

baby—but why not have a child born with an advantage 

in this increasingly difficult world?” (Afton Blake) © 

“Is drawing the wild card always so wonderful?” (David 

Ramm) 

Even the bioethicist Arthur Caplan, who originally criticized 
Graham’s enterprise as “morally pernicious,” was forced to 

agree: “We mold and shape our children according to environ- 
mental factors. We give them piano lessons and every other 
type of lesson imaginable. I’m not sure there is anything wrong 
with using genetics . . . as long as it is not hurting anyone or he 

(Graham) is not imposing his ideas of perfection on anybody.” 



Confused Heritage 

YOUR “OWN” CHILD 

From the time our ancestors first understood the connection 

between sex and reproduction, a mother understood her own 
child to be the one she gave birth to, and a father’s own child 

was the one conceived with semen that he deposited into a 

woman’s vagina. It was on the basis of this clear distinction that 

the desire to have “one’s own” children became programmed 
into our genes—over the course of evolution—as a natural 
instinct. 

The distinction made between “one’s own child” and “some- 

one else’s child” throughout history was much greater than 

many now realize. Adoption of unrelated children was extremely 

rare until early in the twentieth century. Children orphaned 

without relatives may have been cared for by foster parents in 

earlier times, but such parents invariably distinguished between 

their “own children” and the children of others. 

With the use of reprogenetic technologies, the meaning of 
“one’s own child” becomes blurred. For IVF makes it possible 

for one woman to be the birth mother to a child conceived 

191 
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with another woman’s egg. Which of these women has the right 

to consider the child her own? 
What most educated citizens of the Western world in the 

late twentieth century would say is that the child “belongs to” 
the woman whose egg was used in its conception. Infused, as 
we are, with a sophisticated understanding of biology, we know 
that all of the child’s inherited characteristics are carried in the 
egg and sperm; none are contributed by the birth-mother’s 
blood or body. Furthermore, we know that these characteristics 
are programmed by the genes present within the fertilized egg. 
We speak confidently of a genetic mother who can rightfully 
call a child born with her genes her “own child,” no matter 
where its development took place. We place an intellectual veil 
over our primitive instincts in order to accept the birth of “our 
own child” through the birth canal of another woman. 

Are genes really the only determining factor in considering 
who a baby “belongs to”? Or is it really not that straightforward? 

TWIN SISTERS CAN PROVIDE THE ULTIMATE GIFT 
TO EACH OTHER 

Florence and Gail are identical twin sisters. Florence got married 
to Frank, and, Gail got married to Gary. Unfortunately, before 
she even met Frank, Florence developed ovarian cysts, which 
necessitated the surgical removal of both of her ovaries. Florence 
and Frank now want to have children but Florence is unable 

to produce eggs. To help her sister out, Gail agrees to donate 
her eggs to Florence. Gail’s eggs are fertilized in vitro with 
Frank’s sperm and introduced into Florence’s uterus. Nine 

months later, Florence gives birth to a baby girl she names 
Fiora. 

Who is Fiora’s genetic mother? It’s Gail, of course, you 

would say, since she contributed the egg that developed into 
Fiora. But, in fact, if Fiora and her birth mother Florence were 
subjected to DNA fingerprint testing, the results would be quite 
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definitive—they would show, without question, that Florence 
herself was Fiora’s gene-mom. What’s going on here? 

The confusion is caused by Florence and Gail being identical 
twins. As a consequence, they have exactly the same genes. 
Every egg that Gail produces carries half her genes. But any one- 
half portion of Gail’s genes is equivalent to a one-half portion of 
Florence’s genes. Thus, the eggs produced by Gail could all 
have been produced by Florence. 

Another way of looking at this is from the point of view of 
the single fertilized egg that developed into both Gail and Flo- 
rence. This single cell underwent about a hundred divisions and 

then a small number of its descendant cells reduced their ge- 

netic material by half to become eggs. Some of these eggs ended 
up, by chance, in Gail’s ovaries while others ended up, by 
chance, in Florence’s ovaries (which were surgically removed). 

In strictly genetic terms, Gail and Florence must both be 
considered Fiora’s genetic mother. But this conclusion is rather 
unsettling, because it means that by DNA fingerprint analysis, 
the children of all identical twins will be found to have two 
genetic mothers or two genetic fathers—their social parent and 
their aunt or uncle. It also means that all first cousins related 
through identical twin parents will appear to be half-brothers 
or half-sisters. 

The children of an identical twin mother don’t normally 
think in this way for a very simple reason. Their social mother 
is also their birth-mom as well as their gene-mom, while their 

aunt is connected only by genes. But what about Florence and 
Fiora? Florence is a gene-mom, she is the birth-mom, and she 

intends to be the social mom of Fiora. Does this combination 
trump Gail’s contribution of an egg that Florence could have 
produced herself if she had ovaries? The only unique contribu- 
tion made by Gail is that of storing the egg for some twenty- 

- five years before graciously handing it over for use by her sister. 
Let’s consider another scenario that is similar but goes be- 

yond semantics to a question of medical approach. This time 
the identical twin sisters are Amy and Jane. Amy is married to 
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Andrew and Jane is married to Jay. Amy has a uterine infection 

that forces her to have a hysterectomy, but her ovaries remain 

intact and functional. Amy and Andrew want to have “their 

own” children, and Jane has agreed to act as a gestational surro- 
gate mother. Amy plans to have her eggs recovered for fertiliza- 
tion in vitro with her husband Andrew’s sperm. The fertilized 
eggs will then be introduced into Jane’s uterus for implantation. 

Jane will carry the fetus to term and then give the baby over 
to Amy and Andrew so that they can raise their “own child.” 

What we learned from the previous scenario of Florence 
and Gail is that identical twin sisters can both be considered 
genetic mothers of any child conceived from eggs produced by 
either woman. This means that a child conceived by in vitro 
fertilization with Amy’s egg and Andrew’s sperm would have 
the same genetic heritage as one conceived through the fertiliza- 
tion of Jane’s egg by Andrew’s sperm, which could be accom- 
plished by artificial insemination. 

What does Amy do? Artificial insemination is cheaper and 
much less intrusive than IVF for both women. The child bom 
in either case will have the same birth-mom and the same pair 
of gene-moms. So what difference does it make? 

Amy may try to argue that although she and her sister share 
the same genes, she wants to use her egg so that her child 

receives the particular DNA molecules that she produced in her 
own body. Surprisingly to Amy, this argument doesn’t work 
because, for the most part, the particular DNA molecules pres- 

ent in a human egg don’t actually end up in the body that it 
develops into. Even with this knowledge, Amy may still want 
to contribute her own egg to this collaborative reproduction 
arrangement. Though a child conceived from Amy’s egg will be 
indistinguishable by any imaginable test from a child conceived 
from her sister's egg, Amy may feel that she needs to make 
some physical contribution to her child, however ephemeral that 
contribution might be, and however irrational her feelings might 
seem to us. 

In fact, rationality has nothing to do with it. It’s all based 

—— 
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on the primeval instinct programmed into Amy’s genes that - 
makes her want to have “her own child.” This instinct evolved 
when the distinction between “one’s own child” and “someone 
else’s child” was crystal clear. And while the evolutionary pur- 
pose served by this instinct is the increased transmission of our 
genes to offspring, the instinct itself operates on the physical 
connection between mother and child. This is why Amy may want 
that physical connection instinctually even though it makes no 
difference to the transmission of her genes. 

TWIN BROTHERS AND A CURE FOR STERILITY 

Let’s consider one final “twins scenario,” this one actually true. 

The story began in 1947 on the day that Mrs. Twomey gave 
birth to her identical twin sons Tim and Terry. Like all pairs 
of identical twins, Tim and Terry looked pretty much alike and 
it was hard to tell them apart. But Tim and Terry were critically 
different in a way that was hidden from the world—Tim was 
born without testicles as a result of a rare developmental abnor- 
mality that had occurred while he was still within his moth- 
ers womb. 

With the help of modern medicine, Tim was able to lead 
an outwardly normal life. At the age of 18, he began to receive 
weekly injections of the hormone testosterone, which allowed 
him to go through puberty (at.a late age). And as he grew older, 
continued injections of the hormone provided him with the 
ability to engage in a normal sex life. At the age of twenty-nine, 
Tim married Jannie. In the meantime, Tim’s brother Terry had 
married and become the father of three children. 

At the time of their marriage, Jannie and Tim were con- 

vinced that they would never have children “of their own.” For 
five years, Tim had been searching without success for a medical 
authority who could treat his fertility problem. And then shortly 
after his marriage, he found Dr. Sherman Silber at the Saint 
Luke’s Hospital in St. Louis, Missouri. Dr. Silber was a urologist 
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and skilled microsurgeon who was noted for his ability to re- 

verse vasectomies by delicately reconnecting the severed tubes. 
Dr. Silber said that he might be able to cure Tim’s sterility by 
transplanting one of Terry’s testicles into Tim’s scrotum. No one 
had ever performed such an operation before, and the obstacles 
to connecting both sperm and blood vessels were enormous, 
but Dr. Silber was convinced that he had the skills to do it 
successfully. 

Terry and Tim both agreed to undergo the procedure, and 
on May 17, 1977, Dr. Silber performed the transplantation. It 
was a success. Within a few months, Tim achieved a normal 

sperm count in his ejaculate, and he no longer needed hormonal 
injections. On March 25, 1980, Tim and his wife Jannie—both 

Sacramento police officers—had a 6-pound, 14-ounce baby boy 
named Christopher Gene (no joke, this is really his middle 
name!). If genetic tests were ever performed, they would show, 
without a doubt, that Christopher Gene was indeed Tim’s son. 

How should Tim feel about this child? Should he consider 
Christopher “his own” son or his brother's? Would he have felt 
the same way if the testicular transplantation had not been pos- 
sible and his child was born after his wife was artificially insemi- 
nated with his brother’s sperm? Or was the production of sperm 
within his own scrotum necessary to set up the physical connec- 
tion that allowed him to consider the child “his own”? 

The facts certainly suggest that Tim would have viewed a 
child born by artificial insemination of his wife with Terry’s 
sperm differently from the child that he gave life to himself. But 
why should he feel this way when “his sperm” actually came 
from Terry’s testicle? 

Again, how we think a person should feel rationally need 
not bear any resemblance to how a person does feel when prime- 
val instincts prevail. Although genes drove early members of 

our species to desire children of their own, the kinship between 
parent and child was defined instinctually through the physical 
connections imparted by semen, gestation, and birth. Only 
today can we think abstractly about the genes that sit at the 
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root of inheritance. But when intellectualization conflicts with 
the primeval instinct for a physical connection to one’s child, 
we are apt to become utterly confused. There is nothing pro- 
found about this confusion. It is simply one more way in which 
the modern world fails to play by the rules under which we 
evolved. 

What all three twin stories make clear is the futility of trying 
to come up with modern definitions for “one’s own child.” In 
the end, whether a child is one’s own or not is determined 

simply by the way a parent feels, no matter where or how 
gamete differentiation or fetal development took place. 

CLONING PARENTS OR NOT? 

At a U.S. Senate hearing on cloning that was convened within 
a week after the announcement of Dolly’s birth, George Annas, 
a lawyer and bioethicist at Boston University, warned the sena- 

tors that cloning a person “would radically alter the very defini- 

tion of a human being” by producing the world’s first human 
with a single genetic parent. Was he right? 

The picture that probably formed in the mind of Professor 
Annas was of a woman or man holding a baby who was wholly 
derived from a cell contributed by the adult, as in the story of 
Jennifer and Rachel told in chapter 9. In Professor Annas’s 
mind, it would seem that Jennifer should be considered the 

genetic mother of Rachel. But what about a situation in which 
parents (recently infertile) decide to expand their family with a 
clone of a child they already have. Would the older child be 
the parent of the younger child, or would the two children 
simply be identical twins (of different ages) with the same ge- 
netic mother and father? 

Professor Annas seems to be confused by the multiple types 
of mothers that a child can have. If Jennifer gives birth to a 
clone of herself named Rachel, then Jennifer is clearly Rachel’s 
birth-mother. And if Jennifer raises Rachel herself, then she is 
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clearly Rachel’s social mother as well. In genetic terms, however, 

Jennifer is not Rachel’s mother, she’s Rachel’s identical twin. 

This means that Rachel’s genetic parents are the same as Jenni- 

fer’s genetic parents. In other words, Rachel’s social grandpar- 

ents are also her genetic parents. And this means that Rachel 
and all other cloned children will always have two genetic par- 

' ents, not one. 
Describing the genetic relationship that clearly exists be- 

tween the cloned person and the person who contributed the 
cell for cloning is problematic. We could say simply that they 

are identical twins—which they invariably are—and leave it at 
that. But this term fails to express the directionality of the rela- 

tionship, with genetic material flowing from a person already 
alive toward the initiation of the life of another. To convey this 
special relationship, I will use the terms genetic progenitor to 
describe the person whose cell was used for cloning, and genetic 

descendant (when necessary) to describe the person who 

emerged from that cell. Remember, the social role played by a 
genetic progenitor can be that of either parent or sibling, de- 
pending on the age of the progenitor and the cirumstances 

under which cloning occurred. 

The genetic consequences of cloning can be strange indeed. 
When a cloned child is raised by her adult genetic progenitor— 

who becomes her social mother—a generation becomes dupli- 
cated on the family tree. So when Rachel grows up and is ready 
to have her own children, she will have to contend with know- 

ing that all her children will also be the genetic children of her 
mother Jennifer. In chapter 9, we asked whether Jennifer needed 

permission from her parents to produce a clone of herself in 

the form of Rachel. Now we can ask whether Rachel needs to 

obtain permission from Jennifer to have her own children 
through natural conception. The concern in both cases is based 
on the traditional assumption that a person shouldn’t be forced 
to have a child without consent. But a logical extension of this 
principle would require all identical twins to request permission 
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from their brother or sister before they had a child. Clearly, 
this is absurd. 

Finally, there’s the unusual situation that is sure to happen 
some day when a woman decides to clone herself after she has 
already had children by natural conception. The child that is 
born will become the genetic mother of her older brothers 
and sisters. 

FETAL MOTHERS 

It goes without saying that a woman is required to provide the 
egg and a man is required to provide the sperm nucleus that 
will come together to form a fertilized egg. Well actually, once 
again, our intuition betrays us. Human eggs and sperm need 
not come from adult women and men. In fact, they need not 

come from people at all! 
Recall the comment made by the British-American embryol- 

ogist Brigid Hogan: “I like the idea that a long time ago, in Port 
Elizabeth, South Africa, a young pregnant Englishwoman had 
inside her body not only her daughter but the egg that gave 
rise to her granddaughter and that the genetic recombination 
that contributed to me, started then.” 

What Hogan was alluding to is the fact that all the immature 
eggs, or oocytes, in a woman’s ovaries are actually in place long 
before she is born. Six-and-a-half months before she is born, to 

be more precise. Amazingly, by this early stage of fetal develop- 
ment, the production of all of the eggs that a woman-to-be will 
ever have during her entire lifetime is over and done with. Some 
of the fetal eggs will lie in a state of suspended animation for 
ten to fifty years before receiving the signal to mature during a 
particular ovulatory cycle. Even after fifty years, an awakened 
oocyte still has the potential to become fertilized and develop 
into a new human being. Only a tiny fraction of the eggs present 
in the fetus will ever be called upon to go down this path. The 
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vast majority (just like most sperm produced throughout the 

lifetime of a man) will just wither away. 

These facts of biology tell us that every pregnant woman 

with a female fetus carries not only her child-to-be, but also 

the eggs that may ultimately develop into her grandchildren as 

well. The young Englishwoman in Port Elizabeth, South Africa, 

so long ago was Brigid Hogan’s grandmother. And like all other 
pregnant women with a female fetus, she actually carried four 
ovaries filled with eggs inside her body—the two that she was 

born with, and the two inside her fetus. 

By now, you can probably imagine a way in which this 
information can be put to use by modern reprogeneticists. If 
you can figure out a way to coax an immature oocyte extracted 
from a fetal ovary to mature into an egg that is ready for fertil- 
ization, the potential consequences are peculiar, to say the least. 

This is just what John Eppig and his colleagues accom- 
plished in 1995, while working at the Jackson Laboratory in 
Bar Harbor, Maine. With painstaking attention to the details of 
solutions, signals, and other required conditions, John recovered 
completely immature oocytes from mice and converted them 
into ripened eggs in a laboratory incubator. In essence, he had 
duplicated—in the laboratory—the maturation process that oc- 
curs naturally in the ovary when an oocyte receives the signal 
to proceed down the pathway of ovulation. Eppig’s approach 
was validated when he subjected the matured oocytes to IVF, 
and demonstrated the development of the fertilized eggs 
through gestation and birth into healthy, fertile mice. 

What was done in mice could be done in humans. In fact, 

part of the process has already been duplicated. Since 1991, 
reprogeneticists have been able to extract partially mature oo- 
cytes (from unstimulated ovaries), continue the maturation pro- 
cess in a laboratory dish, subject these dish-ovulated eggs to 
IVF, and end up with live-born children. It is only a matter of 
time before we'll be able to complete the entire maturation pro- 
cess with immature human oocytes (perhaps before you even 
read this book). And when these conditions are perfected, it 
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will then become possible to recover ovaries from miscarried or 
aborted human fetuses and use the eggs within them as ingredi- 
ents for the formation of new human lives. The children who 
are born will have genetic mothers who were never born 
themselves! 

I admit that even the rational scientist who stands in my 
shoes found this concept bizarre. If we equate human life with 
sentience—that, of course, has yet to emerge in an early fetus— 
then children could be born with genetic mothers that never 
existed. 

Not unexpectedly, the reactions from most bioethicists— 
and nonbioethicists—were negative. Professor George Annas ex- 
claimed, “The idea is so grotesque as to be unbelievable.” And 
Arthur Caplan contended, “It would be devastating to grow up 
knowing you were the product of a situation in which your 
mother was aborted. There are many difficult things a child 
may have to deal with in life, but I just think we don’t have 
any scale yet for someone to find out that they exist but their 
mother did not come into personhood.” 

Caplan and others also worried that it would be impossible 
to obtain a properly informed consent from the “egg donor’— 
the fetus—for the use of her eggs. “It seems to me that no one 
should be able to create a child from your eggs or your sperm 
without your consent,” according to Caplan. But if the fetus is 
not a person—as Caplan admitted in the same interview—how 
can he expect it to have any say over the disposition of its 

component parts? If the fetus is not a person, than the fetal 
ovaries are nothing more, or less, than tissues within a woman’s 

body. And when a woman asks a physician to remove those 
tissues, along with others, from her body (during an abortion), 
she has the right to determine whether they can be given to, 

and used by, other women. 
One of the few bioethicists who was not opposed to the 

use of fetal ovaries for the creation of life was Joseph Fletcher 
from the University of Virginia, who suggested that a gift from 
women who had undergone abortions to those who were infer- 
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tile would be preferable to the current dependency on adult egg 

donors, who must undergo an invasive procedure. “Over all, 

you avoid more pain and suffering,” he said. “I think that’s 

worth thinking about, that’s worth factoring into the equation.” 

PIG FATHERS 

Sperm are not like eggs. They do not appear within the body 
of a male until many years after he is born. It is the production 
of sperm, in fact, that distinguishes men from boys at the cusp of 
puberty. So, you might think that a man is absolutely required 
for the creation of new human life. 

For the time being, this is still true. But probably not for long. 
Here it is a good idea to digress for a moment and review 

the biology of sperm cells, starting from the very beginning. 
Within a few weeks after conception takes place, as the cells in 
the embryo begin to differentiate, a special group called primor- 
dial germ cells is set aside for a very specific purpose. Primordial 
germ cells have two possible fates: they can end up as eggs or 

they can end up as sperm. Which way they go is determined 
by the signals they receive as the fetus first begins to undergo 
sexual differentiation. 

In a female fetus, primordial germ cells are instructed to 
differentiate into primary oocytes, which remain quietly en- 
sconced within the newly developed fetal ovary until, starting 
at puberty, they are called upon one-by-one to mature into eggs 
ready for fertilization. 

In a male fetus, primordial germ cells are instructed to dif- 

ferentiate into spermatogonia, which are also sequestered, this 

time in the fetal testes. Starting at puberty, these cells also re- 
ceive signals to restart the differentiative process. 

An adult male continues to produce millions of sperm every 
day of his life. He is able to because his spermatogonial cells 
act to renew themselves during each cycle of differentiation. 
Each time a spermatogonial cell divides, one of its “daughter 
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cells” retains the properties of the parental spermatogonium, 
while the other “daughter” is sent down the pathway of sperm 
differentiation. Along this pathway, which takes many weeks to 
complete, dramatic changes in shape and function occur, ending 
with the production of mature sperm cells, or spermatozoa, that 

are released from the testes and sent to wait in a storage area 
called the vas deferens until they are needed during ejaculation. 

Big, round, sedentary spermatogonia cannot be coaxed into 
becoming sleek swimming spermatozoa in the laboratory. The 
process can only occur within the testes where contact between 
differentiating sperm cells and other types of testicular cells is 
undisturbed, and where still unknown signals race back and 

forth between each cell type. This might have appeared to be 
an enormous obstacle to any scientist who was interested in 

manipulating the process of sperm differentiation. But Ralph 
Brinster, a professor at the University of Pennsylvania, didn’t 
see it that way. 

Brinster was already well-known in the community of exper- 
imental embryologists for his seminal work on chimera forma- 
tion (which we'll discuss in a few moments), and genetic 
engineering of embryonic cells (which is the focus of chapter 
18). He always seemed to find a way to leap over experimental 
roadblocks and accomplish what had been deemed impossible. 

Thus, it was not surprising that Brinster would figure out a 
simple way around the problem of getting sperm differentiation 
to work in the laboratory. What he actually did was to eliminate 
the laboratory, and replace it with a living testes—inside another 
animal—instead. In May 1996, he described the results of ex- 
periments in which he had transplanted rat spermatogonia into 

mouse testes. Even though the rat and mouse have been evolv- 
ing apart from each other for fifteen million years, and even 
though the differentiation of rat sperm takes seventeen days 
longer than mouse sperm, and even though rat sperm look 

entirely different from mouse sperm, they are still able to take 

advantage of the mouse testes environment to undergo proper 

differentiation. 
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As Brinster told his interviewer on the BBC program “To- 
morrow’s World” on June 1, 1996, “The rat-to-mouse (result) 

suggests that you can go across species barriers; which species, 
it’s difficult to say. In terms of going from human to mouse, it 
may be much more difficult than going from human to pig, 
and only doing the experiment will tell you.” 

It seems likely that a species will be found that allows the 
proper differentiation of human sperm from transplanted sper- 
matogonial cells. And since spermatogonial cells are self- 
renewing, once an animal receives a human transplant, it will 
be able to produce that person’s sperm for the rest of his life. 
Furthermore, since spermatogonial cells are easily frozen, and 
easily transferred from one animal to another, it would be possi- 
ble for a series of animals to keep producing new sperm from 
the same original man for thousands of years after he has died. 

Once again, the bioethicists were called upon by the media 
to respond to another new reprogenetic possibility. This is what 
Arthur Caplan had to say when Ralph Brinster’s result was first 
announced: “Part of the way we think of who we are and how 
we value ourselves has to do with our origins and reproduction. 
Something is challenging the specialness of humanity if you 
originate human beings in some animal’s reproductive tract.” 

He is absolutely right. The “specialness of humanity” has 
been challenged, and it’s been found wanting. What this new 
technique, and so many others like it, tell us is that there is 
nothing special about human reproduction, nor any other aspect 
of human biology, save one. The specialness of humanity is 
found only between our ears; if you go looking for it anywhere 
else, you'll be disappointed. 

PUTTING IT TOGETHER 

What was left unspoken in the original reaction to Brinster’s 
results was a logical extension to his technology: if you can 
recover spermatogonial cells from an adult, and bring them to 
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maturation, then why not from an aborted male fetus? There is 
no obvious reason why conditions couldn’t be found to make 
this work as well. 

Now imagine what could happen if you combined the tech- 
nology of fetal sperm maturation with the technology of fetal 
oocyte maturation. You could start with aborted male and fe- 
male fetuses, and recover spermatogonia or primary oocytes, 
respectively, from each. The spermatogonia would be matured 
into sperm within the testes of an appropriate animal species, 
and the primary oocytes would be matured into fertilizable eggs 
within a laboratory incubator. These cells could be brought to- 
gether through IVF to produce a new embryo that is introduced 
into the uterus of one of the women who originally experienced 
the miscarriage. If this pregnancy was successful, the woman 
could give birth to her genetic grandchild without ever having 
been a genetic mother. And the child itself would have two 
virtual genetic parents only, who had never come into existence 
on their own. 

In genetic terms, fetal mating can be viewed as the opposite 
of cloning since it leads to the skipping of a generation between 
mother and child. In contrast, as noted earlier, cloning can add 

an extra generation (in the cloned person herself) between a 
progenitor parent and a genetic child. Thus, the use of either of 
these reprogenetic technologies will serve to confuse traditional 
notions of heritage and family relationships. 

Fetal mating is likely to repulse most members of society, 
no matter what their individual views on abortion might be. 
And for the most part, it is hard to imagine many circumstances 
under which a scenario of this sort would actually come to pass. 
However, like every other new reproductive possibility that be- 
comes feasible, fetal mating is sure to find a use as a solution 
to someone’s special reproductive problem. One such use will 
be described at the end of the next chapter. 



Shared Genetic Motherhood 

All educated people know that fertilization occurs with the fu- 
sion of a single sperm and a single egg. This means that, except 
in the case of an identical twin parent, each child must have 
but one genetic mother and one genetic father. And even in the 
exceptional case of a twin mother or father, a child still only 
receives a single maternal and a single paternal contribution to 
his or her genetic makeup. 

Many happily bonded couples view the birth of a child who 
brings together their genetic material as the ultimate consumma- 
tion of their love for each other. And as we have seen, when 

barriers lie in the way of achieving this goal, many couples will 
do anything within their power to overcome them. A certain 
type of happily bonded couple, however, has never even consid- 
ered the possibility of joining’ their genes together in a child. I 
am speaking, of course, of same-sex couples. 

Most people think it is biologically impossible for two unre- 
lated women (or men) to pass on their genetic material together 
to a single child. But by now, you know that the future possibil- 
ities of reprogenetics are almost unlimited. By now, you can 
probably guess that there must be some way for reprogeneticists 
to work their wonders and overcome the biological law that 

206 
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decrees only a single maternal and paternal contribution to each 
embryo and child. Indeed, there is a way for two women to 
pass on their genes to a single child, but not as you may think. 

LESSONS FROM NUCLEAR TRANSPLANTATION IN 
THE MOUSE 

Before discussing the actual procedure that can be used, I'll 
describe what might appear to be a more direct approach that 
unfortunately fails to produce the desired result. This approach 
can be illustrated with a thought-experiment in which you, the 
reader, play the role of the reprogeneticist. Let’s say that two 
women want to be the genetic parents of a child. You wish to 
help them and you have, at your disposal, all the tools of a 
modern reprogenetics laboratory and an IVF clinic. First you 
review the relevant facts of biology. You know that the egg 
contributes half the genetic material to a developing embryo 
and that a fertilizing sperm cell is required to contribute the 
other half. You know as well that for the first twenty-four hours 
after fertilization, the genetic material contributed by the egg 
and sperm remain apart in separate spherical structures called 
pronuclei. 

You say to yourself, “If 1 could only build an embryo with 
two pronuclei both obtained from eggs, but produced by differ- 
ent women, I could get a double-mothered girl child.” And with 
your finely honed reprogenetics skills, you devise a scheme to 
accomplish your goal. First you recover mature eggs from each 
of the two women and fertilize these eggs in a petri dish with 
sperm provided by a donor. After waiting a few hours, you 
insert a tiny glass needle into a fertilized egg from the first 
woman, pull out the sperm-contributed pronucleus (which is 
readily distinguishable from the egg pronucleus), and eject it 
into a tiny waste bin. You next insert the needle into a fertilized 
egg from the second woman, and this time, you pull out the 
egg-contributed pronucleus instead. But rather than discarding 
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this pronucleus, you inject it into the first egg. You would now 

have created a new one-cell embryo with half of its genetic 

material derived from one woman, the other half derived from 

a second woman, and no genetic father. You would introduce 
this double-mothered egg back into the uterus of either woman 

to allow it to develop to term. 
This exact experiment was actually performed during the 

early 1980s by Davor Solter and Jim McGrath, the same pair 

of scientists who contributed to cloning technology. The only 
difference between the Solter-McGrath experiments and the hy- 
pothetical one described above is that the eggs and sperm were 
obtained from mice rather than humans. Still, their experimental 
results sent shock waves through the worldwide community of 
geneticists—not because they got double-mothered mice, but 
because they couldn’t get them. 

Solter and McGrath showed clearly that embryos subjected 
to nuclear transplantation could develop into healthy adult 
mice. But success was only achieved when an egg cell ended 
up with one sperm-derived pronucleus and one egg-derived 
pronucleus. Whenever any egg ended up with two pronuclei 
that both came from female parents originally, or both came from 
male parents originally, it couldn't develop properly into a live- 
born animal. 

This result shocked geneticists because of its implication: 
genetic material passed into an egg from a mother must be 
different in some intrinsic way from genetic material passed into 
an egg from a sperm cell, and both versions are required for 
development to proceed normally. 

We now know that this conclusion holds true for all mam- 
mals, including humans, and we now understand how mothers 

and fathers chemically modify tiny portions of egg and sperm 
DNA in different ways before fertilization. In order to carry out 
its developmental program, the human embryo requires the 
sperm version of one small set of genes as well as the egg 
version of an entirely different small set of genes because their 
separate modifications act to complement each other. The 
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parental-specific modifications present in the DNA are copied 
from each cell to its daughter cells, and continue to persist even 
in the adult body. But they are all erased during the process of 
gamete production. Thus, irrespective of the way these special 
genes entered the body, they all come out looking’ malelike in 
sperm pronuclei, and femalelike in egg pronuclei. So, at least for 
the time being, the most straightforward strategy for producing 
double-mothered or double-fathered children cannot work. 

MOUSE CHIMERAS 

Twenty years before Solter and McGrath performed their nuclear 
transplantation experiments, a Polish embryologist named Kris- 
tof Tarkowski was working in Warsaw on a different approach 

to producing mice with two genetic mothers and fathers. Tar- 
kowski’s approach was much simpler than the one later used 
by Solter, and it worked from the start. 

Tarkowski reasoned that if very young embryos could be 
separated into individual cells that could then go on to develop 
independently as identical twins, triplets, or quadruplets, it 
should be possible to reverse the process and combine multiple 
embryonic cells together to form a single animal. Tarkowski 
reasoned further that if cells originating from the same embryo 
could be brought together, it should also be possible to bring 
together cells from different embryos produced even by different 
mouse parents. 

Tarkowski’s simple method worked like a charm, and since 

his original publication in 1961, it has been repeated in hun- 
dreds of laboratories. When embryos produced by pairs of mice 
from two strains with different fur colors are merged together, 
the success of the protocol can be seen by simply looking at 
the offspring that are born. If an albino strain embryo is mixed 
with a dark colored one, the resulting offspring exhibit a patch- 
work coat with areas of dark fur alternating with areas of white. 

It is important to understand what is and is not happening 
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inside a merged embryo from two sets of parents. At the cellular 

level, nothing happens. Each individual cell retains its identity, 
no fusion between cells takes place. But, as the embryo devel- 
ops, the cells derived from different parents mix together and 
communicate with each other as if they are all members of the 
same team. And when the animal is born, every tissue within 
it—including the brain and gonads—is a mixture of cells from 

the original two embryos. 
Embryos and animals formed by combining cells from dif- 

ferent fertilized eggs are called chimeras by the scientific com- 
munity, in honor of the creature with this name from Greek 
mythology. The mythological Chimera was a fire-breathing 
monster resembling a lion in its head and shoulders, a goat in 
its middle, and a dragon behind. Although the Greek Chimera 
was clearly a monster, the modern-day chimeric mouse is no 
such thing. A lab-devised chimeric embryo and fetus proceed 
through development in a perfectly normal manner, and the 
chimeric animal that emerges looks and acts just like a normal 
mouse with only two possible exceptions. 

The first exception occurs only when the two embryos used 
to produce the chimera carry genes that specify different colors 
of fur. As I mentioned, the animal that results will have a patch- 
work of the two fur colors and, on this basis alone, will be 

recognized immediately as a chimera. The second exception can 
occur when a female embryo is joined with a male embryo with 
potential consequences that will be discussed in the next 
section. 

The ability to produce chimeras provides another example 
of a thought-experiment that eliminates any possibility of attrib- 
uting individuality to the early embryo. Here’s how it goes. Start 
with ten eight-cell embryos produced by ten different couples, 
and separate each into its component cells. One is left with 80 
individual embryonic cells in a pool. Next, randomly select cells 
one by one from this large pool to obtain ten brand-new eight- 
cell embryos that are introduced into ten surrogate mothers for 
development to term. You started with ten eight-cell embryos 
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and you ended up with ten living people, but there is no corre- 
spondence between the former and the latter. 

HUMAN CHIMERAS 

Now creating chimeric mice is all well and good, but how do 
we know that we could actually accomplish the same thing with 
human embryos? I could remind you that mouse, human, and 

all other mammalian embryos at this early stage are virtually 
indistinguishable from one another and will almost certainly 
respond to manipulations in the same way. This is the logic 
that Steptoe and Edwards followed originally in their decade- 
long quest to perfect conditions for in vitro fertilization in 
humans. 

But I don’t need to rely on this logic at all, because mother 
nature has already done the experiment for us. Since the 1950s, 
more than one hundred natural-born chimeric human beings 
have been identified by medical geneticists. Each of these people 
emerged from the fusion of two embryos that resulted from the 
fertilization of two eggs that had been ovulated simultaneously © 
by their mother. We should not be surprised by this rare, but 
natural, process because we already know that embryos can 

spontaneously fall apart to form identical twins. If scientists can 
get two mouse embryos to stick together on contact in the lab, 
then the same thing should happen spontaneously on occasion 
in a woman’s reproductive tract. 

In almost all respects, a chimeric person—like a chimeric 
mouse—is indistinguishable from other members of its species. 
But, just like mice, there are two ways in which some chimeric 
humans can be recognized. If the two embryos that merged had 
genetic makeups programmed toward very different skin or hair 
colorations, then the chimeric person could have a patchy com- 
plexion or hair color. Among naturally born chimeric humans, 
this type of abnormality is rarely observed, presumably because 
all have only a single genetic mother and single genetic father. 
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The second distinction can only occur when an embryo 

with an XX genetic constitution merges with an embryo having 

an XY genetic constitution. During fetal development, the tissues 
that differentiate into the sex organs will be bombarded by con- 
flicting signals. More often than not, signals from the Y chromo- 
some predominate, and the individual develops normal, or 
nearly normal, male genitalia. But the gonads themselves will 
often develop as mixtures of ovarian and testicular tissues. In 
some cases, the combination of male and female signals can 
cause the external genitalia to develop into an intermediate con- 
figuration with an enlarged clitoris (or reduced penis) and other 
tissue intermediate between a scrotum and a vulva, with perhaps 
a shallow vagina or none at all. In fact, intersex chimeras can 
have genitalia across the entire range between normal female 
and normal male. And perhaps surprisingly, intersex chimeras 
can be fertile and have children, sometimes as a father, some- 

times as a mother. 

It is only when their genitalia are what physicians call “am- 
biguous” that chimeric human beings are usually detected. 
However, for every chimeric person identified through ambigu- 
ous genitalia, there are likely to be four or more other chimeric 
individuals who have gone through life unnoticed. These in- 
clude essentially all of the chimeric people formed by the merger 
of two same-sex embryos and many intersex chimeras who have 
developed as normal men or women. 

Would there be anything wrong with creating chimeric 
human beings on purpose? The obvious objection is that 50 
percent would be intersex individuals with a developmental pro- 
pensity toward abnormal sex organs and gender function. It 
would be immoral to have a child with such a high risk of 
developing such a serious abnormality. But with new technolo- 
gies for the genetic diagnosis of embryos (which we'll discuss 
in chapter 17), this serious problem can be eliminated. 

There are other reasons why people might be against the 
purposeful production of chimeric children, but I'll postpone 
their consideration until after a retelling of the story presented 
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in the Prologue of Cheryl and Madelaine, the same-sex couple 
that wanted to combine their genes together within a child 
whom they could both call their own. 

CHERYL AND MADELAINE’S BABY 

The date is Tuesday, September 15, 2009. The city is Cam- 
bridge, Massachusetts. We are in one of the many private IVF 
clinics that exist in and around a metropolitan area with a well- 
educated and affluent population. Cheryl and Madelaine have 
arrived early for their appointment at the clinic, and they’re 
both bubbling over with excitement, as well as hormones. 

Cheryl is a thirty-eight-year-old theoretical physicist. Earlier 
in the year, Harvard University had granted her tenure, which 
provides job security for the rest of her career. She had been 
working single-mindedly toward this goal for as long as she can 
remember; certainly longer than her relationship with Made- 
laine, whom she has lived with for eight years. The quest for 
tenure had dominated her life, with nearly every waking hour 
given over to research, teaching, and other university activities. 

Now, with tenure in hand, Cheryl was suddenly freed to think 

about things—other than science—that she wanted to accom- 
plish in her life. And the one thing that loomed larger than all 
the others was the desire to have and raise a child. 

Madelaine is a thirty-four-year-old elementary school music 
teacher and a singer in a local rock band. She comes from a 
family of five children, and three of her brothers and sisters 
have already had children of their own. Aunt Madelaine adores 
all of her nieces and nephews, but she had resigned herself to 
never having children of her own. You see, Madelaine shares 
everything in her life with Cheryl. And although she would 
have loved to have had a child, she couldn’t imagine raising a 
child unless she and Cheryl could both call it their own. But 
that had seemed impossible. 

Cheryl was the first to raise the topic of having children in 
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April of 2009, and over the next two months, she and Made- 

laine discussed their options. They considered adoption, but 

realized that their chances of getting an agency to consider them 
for a healthy child were essentially nil. Not only were they gay, 
but Cheryl, in particular, was already categorized as being be- 
yond the preferred age. They considered artificial insemination, 

but neither Madelaine nor Cheryl liked the idea that only one 
of them would be the biological mother, while the other would 
have no biological connection to the child at all. 

Then Cheryl had lunch with a professor, and good friend— 
Mally Meselbert—from Harvard’s biochemistry department. It 
was a beautiful day in early June. Throughout the main course, 
Mally nodded sympathetically as he listened to Cheryl’s lament 
about her childlessness. Almost at the beginning of her mono- 
logue, Mally had thought up a technical solution that would 
satisfy both his colleague and her partner. But he was troubled 
by the potential consequences of its application to humans, and 
he kept his thoughts to himself as he slowly finished his meal. 
By the time coffee arrived, he had changed his mind. He de- 
cided that Cheryl and Madelaine had the right to make their 
own judgments about consequences. So he proceeded to explain 
how scientists working with mice, sheep, goats, and cows had 
perfected the technology of embryo fusion, and how occasion- 
ally, two human embryos could fuse naturally inside a woman’s 
body, with the resulting birth of a fully viable and healthy child. 

Cheryl listened in amazement until Mally had finished his 
long biology lesson. There was no need for Mally to be explicit. 
The implications were clear enough, and Cheryl asked just a 
single question: “Do you think we could find a fertility clinic 

that would be willing to work with us on this?” Mally thought 
for a moment. His experimental work on animals did not bring 
him into contact with medical practitioners in a professional 
way, but his wife was friendly with a very talented fertility 
specialist named Dr, Ricky Shapiro who operated her own re- 
progenetics clinic just outside the Harvard campus. 

Cheryl had heard what she wanted to hear. She dropped a 
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twenty dollar bill on the table and quickly moved toward the 
door. Over her shoulder, she shouted at Mally to hold the 
change for the next time they had lunch together. She had 
already decided to take a detour on the way back to her office 
and nearly flew into the Harvard Square T station and onto the 
Boston-bound train to catch Madelaine at her school between 
classes. Breathlessly, she raced into the school and found Made- 
laine in the faculty lounge. Upon catching her breath, she re- 
counted Mally’s entire biology lesson as Madelaine listened in 
amazement. 

A summer filled with discussion, choices, and preparation 

is now over, and Cheryl and Madelaine wait their turn at the 
clinic. Finally, the receptionist motions them in. Dr. Shapiro is 
waiting for them in the clinic’s egg retrieval and transfer room. 
They toss a coin. It comes up tails and Cheryl is the one to go 
first. She changes out of her clothes and into a standard hospital 
gown. Dr. Shapiro helps her onto the table and prepares her 
for egg retrieval. The ultrasound view of her left ovary comes 
onto the monitor and Dr. Shapiro smiles at the sight of lots of 
fluid-filled sacs, sitting on the surface, each containing a single 
mature egg. Dr. Shapiro goes to work—first on the left ovary 
and then the right—and within 15 minutes, she has recovered 
twenty-three beautiful eggs. These are quickly escorted into the 
body temperature incubator in the lab next door to await their 
fate. Madelaine’s turn-is next. This time Dr. Shapiro can only 
recover sixteen eggs, but she is confident that they are sufficient 

for the task at hand. 
The time has come for fertilization, and Dr. Shapiro removes 

the tube containing the specially prepared sperm from the liquid 
nitrogen storage tank and plunges it into a small metal basin 
holding body temperature water. Cheryl and Madelaine have 
been allowed to watch the entire process, and as the sperm 
thaw, they recall the many hours they spent poring over the 
on-line Cryobank sperm donor catalogue for the sample that 
was best suited for them. 

They had paid particular attention to the skin tone picture 
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provided with each sample. They wanted to minimize the possi- 

bility of a patchy complexion, and so while their own complex- 
ions were not that different, they found a sperm donor whose 
skin tone appeared to split this small difference further. They 
realized, of course, that this wouldn’t guarantee anything, but 
they figured, “Why not?” In addition, the young donor was a 
senior majoring in physics at MIT, with a straight-A average, 
who as a high school student took first prize in a state-wide 
contest for piano playing. Again, Cheryl and Madelaine realized 
nothing was guaranteed, but they were intrigued by the possibil- 
ity of enhancing their separate talents together in their child. _ 

Cheryl and Madelaine had decided on a girl. As a first step 
toward making this goal easier to achieve, they had asked the 
sperm bank to provide Dr. Shapiro with a fresh semen sample 
from their chosen donor. The sample had arrived two weeks 
earlier and was immediately placed into a machine called a flow 
cytometer, which separates sperm cells into two groups that are 
90 percent enriched for either the X or Y chromosomes. The 
X-enriched sperm sample was recovered and stored frozen in 
liquid nitrogen for two weeks. Now the thawing process is con- 
cluded and living, swimming sperm come into view in the por- 
tion of the sample that is examined under the microscope by 
Dr. Shapiro’s technician, and then by Cheryl and Madelaine 

as well. 

The special sperm are drawn up into a pipette and a portion 
is released first into the dish containing Madelaine’s eggs, and 
then into the dish containing Cheryl’s eggs. The two dishes are 
covered and placed back into the darkness of the incubator. 
With the closing of the incubator’s door, the day’s activities are 
now over. Cheryl and Madelaine return to their home to wait 
patiently, miles away, as their embryos proceed slowly through 
fertilization and early development. 

Three days later, they return to the clinic. Each properly 
fertilized egg has now turned into an eight-cell embryo. At this 
point, the embryos from both dishes are examined under the 
microscope and each healthy-looking one is transferred to an 
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individually numbered compartment. Now, one by one, each 
embryo is held steady as a cell is plucked away for genetic 

diagnosis. Twenty-four samples—representing fifteen surviving 
embryos from Cheryl and nine from Madelaine—are sent to the 
molecular diagnostics lab, and four hours later, the results come 

back. Diagnosis was possible on eleven of Cheryl’s embryos, 
and the results are nine females and two males. Only six of 
Madelaine’s embryos could be diagnosed, but all are female. 

Without a word being uttered, Cheryl, Madelaine, and Dr: 
Shapiro know that the possibility exists to create six chimeric 
girl-girl embryos. And silently, Dr. Shapiro goes to work. She 
looks at the test results to note which of the compartments on 
Cheryl’s dish contain girl embryos. She scans the dish, picks 
up one, and moves it to a new dish with fresh fluid. She then 
moves one of Madelaine’s embryos to the same dish. The two 
embryos are now exposed to a special chemical that dissolves 
their zona coats, and they are finally ready for the big event. 
With a gentle nudge, Dr. Shapiro pushes Cheryl’s embryo into 
Madelaine’s. On making contact, the two embryos stick together 
instantly. What were two living things a moment ago are now 
just one. 

The merged embryo is given a new artificial zona coat, and 
set aside on the dish to await the formation of its sisters. Over 
the next fifteen minutes, Dr. Shapiro repeats the same delicate 
process five more times. When she is finished, there are six 

new embryos that belong equally to Cheryl and Madelaine. 
A few hours of further incubation are allowed to pass to 

make sure each merger has occurred successfully. Then, the 
time has come for the final procedure. When it is completed, 
there will be nothing to do but wait and hope that a pregnancy 
has taken hold. In advance, Cheryl and Madelaine had no way 
of knowing how many fused embryos would be formed. They 
had decided together that if only two embryos were available, 
they would be introduced into Cheryl's uterus. But, if there 

were more, it would be possible for both Cheryl and Madelaine 
to receive embryos in the hope that at least one would take. 
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After going over the available statistics on pregnancy rates 
achieved with the use of IVF by fertile couples, Cheryl and 
Madelaine decide that they will each have two embryos intro- 
duced into their wombs. They realize that they could have as 
many as four children as a consequence, but Dr. Shapiro assures 
them that this is extremely unlikely and, in any case, the num- 
ber could be reduced by selective abortion, if they so desired. 

For a week after their return from the clinic, Cheryl and 

Madelaine can do nothing but wait with building anxiety. Will 
either become pregnant? Will their hoped-for child be born 
healthy and normal? Will their family be accepted by the com- 
munity in which they live? And then the first signs appear. 
On the same morning, Cheryl and Madelaine wake up—before 
dawn—with a feeling of queasiness. It is the signal they've been 
waiting for. The pregnancy test that each woman performs on 

_ her urine merely confirms the obvious. 
But their ecstasy is now held in check by new and different 

fears. How many embryos are growing within them? Will a 
miscarriage take place? With a mixture of excitement and anxi- 
ety, they live through another three weeks before ultrasound 
can give them the answer to their first question. Together they 
return to Dr. Shapiro’s clinic. This time Madelaine is the first 
one onto the table. The scan picks up just one little sac with a 
tiny beating heart. Cheryl has her turn, and again, there is but 
a single embryo, with a tiny beating heart. 

With the results visible on the ultrasound monitor, there is 

palpable relief across the room: Cheryl and Madelaine quickly 
agree that bringing nonidentical twins into the world is probably 
even better than a singleton, since the two sisters will have each 
other to grow up with. 

- A month later, Cheryl and Madelaine undergo a final test to 
obtain confirmation that the fetus in each is really all-girl. They 
return to the clinic for what they hope will be the last time before 
their girls are born. Chorionic villus sampling, or CVS, is per- 
formed on each woman to recover cells produced by each fetus. 
The samples are, once again, sent to the molecular diagnostics lab. 
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And a few hours later, the results come back. Each fetus is truly 
a mixture of cells from both mothers, and each is all-girl. 

The next seven months pass by uneventfully. Madelaine 
continues in her teaching and performing careers. Cheryl con- 
tinues to do research and teach as well. Cheryl is the first to 
go into labor. On June 1, 2010, she gives birth to a baby girl, 
weighing 9 pounds, 2 ounces. Cheryl and Madelaine name her 
Eve. And even though Eve is quite special inside, you would 
never know it from her looks and behavior. She is just one 

more precious baby on the maternity ward. 
Five days later, it is Madelaine’s turn. Her baby is smaller, 

just six pounds, eleven ounces. Cheryl and Madelaine name her 
Rebecca. Rebecca and Eve—destined to grow up as special sis- 
ters in a new world of reproductive possibilities. 

AN EPILOGUE TO CHERYL AND 

MADELAINE’S STORY 

Although I have placed the births of Rebecca and Eve a decade 
in the future, every technical detail could be carried out today. In 
a similar fashion, it would also be possible for two men to share 
a child. This could be accomplished with multiple eggs—donated 
by a woman—that were fertilized with sperm from each of the 
men. The chimeras formed subsequently would have three genetic 
parents—two gene-dads and a single gene-mom. A big difference 
for men, of course, is that they would require the services of a 
surrogate mother. However, this is not an insurmountable obstacle. 

Just because a technology is feasible does not mean that it 
should be used, and there are various reasons why people might 
be against the purposeful creation of chimeric children. The first 
thought that comes to the minds of many is that the creation 
of chimeric children is weird, and the children themselves are 
“unnatural.” As we have already seen in previous discussions of 
reprogenetic technologies, this is a false argument. Although 
they are extremely rare (fewer than a thousand have been identi- 
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fied throughout the world), human chimeras are born naturally, 

and most lead normal lives, unaware of their special status. 
Some people may think it is wrong for a child to be raised 

by gay parents. A direct response to this concern is beyond the 
scope of this book. Suffice it to say that hundreds of thousands 
of children are being raised by gay parents right now in 
America, and high courts in several states have acted to legiti- 

mize same-sex parenting arrangements. One cannot reject chi- 

mera formation solely because of the possibility that it would 
be used primarily by gay parents. 

As an aside, it is interesting to note that a major argument 

used by the Religious Right in its opposition to same-sex unions 
is based on the notion that marriage is supposed to serve the 
purpose of procreation. According to this line of reasoning, gay 
unions should not be sanctioned because they are biologically 
barren. If we take the Religious Right at its word, the ability of 
gay women, or gay men, to co-procreate should validate their 
right to become married. 

Some people contend that medical treatments should only 
be used for curing diseases, and not for frivolous activities such 
as chimera formation. In American society, at least, this argu- 

ment fails because we generally accept the right of people to 
use medical services for other frivolous purposes, including face- 
lifts and tummy tucks. As a society, we accept the right of 
people to use medical services for whatever purpose they wish, 
so long as they pay for it themselves; that’s the American way. 

The most serious argument is that chimera formation might 
be harmful, in some direct way, to the child that emerges. Peo- 
ple of all political and religious persuasions would almost cer- 
tainly consider it immoral to perform a reprogenetic protocol 
that would cause a child to be brought into the world with a 
defect that could impinge significantly on that child’s health 
or happiness. 

Yet in terms of general health characteristics, vitality, and 
life span, chimeric children will appear no different from any 
other children. We know this is true from evidence accumulated 
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in studies of thousands of chimeric mice as well as the handful 
of chimeric people who have been identified and examined. In 
terms of brain function as well, human chimeras appear to be 
perfectly normal. Of course, subtle problems might be hidden 
in the small number of humans examined, but based on our 

understanding of development, there is no reason to expect any. 
Harm can be incurred psychologically as well as physically. 

There are sure to be some who will argue that even if they look 
and think normally, chimeric children will “feel bad” because 
they know they're chimeras. It seems hypocritical for anyone 
willing to deny government-sponsored food and shelter to chil- 
dren born into poverty to make this argument. Indeed, the same 
false argument has been used against IVF, artificial insemination, 
egg donation, and surrogacy. Millions of prospective parents 
have not found it persuasive. 

The physical attributes that might distinguish chimeric chil- 
dren from other children are skin complexion and hair color. 
With current technology, it is not possible to assess fully the 
risk, or prevent the occurrence, of a patchy complexion or head 
of hair. Although not a medical problem per se, this difference 
could impinge upon the happiness of a chimeric child. Whether 
the severity of this problem is serious enough, and the risk of 
its occurrence large enough, to argue against this use of this 
technology is not clear. Hair color could be homogenized with 
dyes. But, skin color patchiness might be more difficult to hide 

and could be viewed as unattractive by others. 
The possibility that a chimeric child could be born with a 

permanent patchy complexion and hair color might be enough 
to dissuade some same-sex couples from using this approach to 
co-procreation. If so, there is an alternative approach that does 
not depend on chimerism, although it could raise problems of 
a different sort. It is based on the idea of passing one woman’s 

genetic material through a “testicular filter” to enable it to come 
together in the same embryonic cells with the genetic material 
from a second woman. Here’s how it would work for Cheryl 

and Madelaine: 
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Cheryl would use IVF with donor sperm enriched for the 
Y chromosome to become pregnant with a male fetus. Similarly, 
Madelaine would use X-enriched sperm to become pregnant 
with a female fetus. Both women would undergo induced abor- 
tions near the end of their first trimester, and spermatogonia 
and oocytes would be recovered from the two fetuses and ma- 
tured into sperm and fertilizable eggs, respectively. These would 
be combined through IVF to produce embryos that were frozen 
in- liquid nitrogen until Cheryl and Madelaine were ready to 
begin new pregnancies. Then the embryos would be thawed 
and introduced into both, to enable the birth of shared children 
nine months later. 

The children that emerged from this scenario would be re- 
lated equally to Cheryl and Madelaine. Furthermore, since they 
would each be derived from a typical union between a single 
sperm and a single egg, there would be no risk of skin color 
patchiness of the type that might occur in chimeras. Strictly 
speaking, of course, the children would be the genetic grandchil- 
dren of Cheryl and Madelaine. But this technical detail should 
not make any difference. With both approaches to co- 
procreation—chimerism or fetal mating—a child receives 25 
percent of its genetic material from each woman, and the other 

50 percent from male donors. 
While the fetal mating approach eliminates the potential 

problems associated with chimerism, it raises the specter of pur- 
posely killing fetuses as a means toward the creation of human 
life. Although late first trimester abortions have been sanctioned 
by the Supreme Court, and the fetus at this stage does not have 
sentience, it does look like a little human being. Even those 

who are adamantly pro-choice may feel some revulsion against 
the notion of fetal mating. But, there is still some time, perhaps, 
to think about this all, because in 1997, the maturation of fetal 

spermatogonia in animal testes has yet to be accomplished. On 

the other hand, .the original chimera scenario described for 
Cheryl and Madelaine could be carried out today. 



Could a Father Be a Mother? 

The inch-and-a-half-high headline at the top of page one read 
“MAN PREGNANT.” Just beneath this was the three-quarter-inch 
subheadline: “HE BECOMES SURROGATE MOM FOR STERILE WIFE.” The 
date was September 29, 1987, and the “news” medium was the 

Sun, an American supermarket tabloid. 
It seems that a sterile Finnish woman named Mauna Koi- 

nevo wanted to have children, but couldn't accept the idea of 
using an unrelated surrogate mother. In Mauna’s words, “I knew 
I couldn’t bear children, but then I heard about work being 
done to impregnate men.” She convinced her husband Richard 
to inquire about this work at a nearby “research clinic” in Vaasa, 
Finland. There he found Dr. Kolavo Sarvast. The good Dr. Sar- 
vast agreed to help the Koinevo family achieve their goal. “We 
had been working on a method to allow men to become preg- 
nant and were looking for volunteers,” he said. “Richard seemed 
an ideal candidate.” 

Four years later, on April 30, 1991, the very same newspa- 

per ran what they called the “Story of the Century.” This time 
the page one headline read “PREGNANT MAN GIVES BIRTH—BABY 
Lives!” The pregnant man was named Giovanni DiPenza, and 
the place was Palermo, Sicily. The story quoted Giovanni’s doc- 
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tors as saying, “The precedent-shattering operation marked the 

first time that a man ever gave birth to a live baby.” One won- 

ders how the editors at the Sun conveniently forgot about Rich- 

ard Koinevo. 
The fantasy of a man becoming pregnant is probably as old 

as storytelling itself. But fantasy it clearly was until the perfec- 
tion of IVF in 1978. IVF, of course, would be an essential 

ingredient in any attempt at male pregnancy. And with this 
obstacle overcome, reproductive biologists began to ponder 
whether the unimaginable just might be . . . imaginable. 

From the early 1980s onward, there have been sporadic 
reports of scientists musing aloud about the possibility of main- 
taining a pregnancy within the abdomen of a man. And in 1985, 
Omni magazine published the first full-length popular article on 
the topic—complete with technical details on how to make it 
work—by Dick Teresi. 

By the beginning of 1995, there may still have been a few 
Americans who had not read or heard talk about male preg- 
nancy, but that was soon to change with the release of the 
motion picture Junior, starring Armold Schwarzenegger and 
Danny DeVito, playing modern-day equivalents of the pioneer- 
ing IVF scientist-physician team of Edwards and Steptoe. For 
reasons that are highly contrived, the DeVito and Schwarzeneg- 
ger characters decide they must perform an experiment in re- 
productive biology on themselves. This leads the DeVito 
character to carry out IVF with a donor egg and the Schwarze- 
negger character’s sperm. He ‘then uses ultrasound to find a 
good location in Schwarzenegger's peritoneal cavity to place the 
fertilized egg for implantation. A week later, he reads the posi- 
tive pregnancy test and wryly announces, “You may be crazy, 
but you're also pregnant.” 

With the daily ingestion of hormones, the Schwarzenegger © 
character is able to maintain his pregnancy. And in one scene 
with not-too-subtle political undertones, he flees the clutches of 

a villainous administrator, while exclaiming, “It’s my body, my 
choice.” The movie heads toward its climax with the delivery, 
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by modified Cesarian section, of a healthy baby girl. In the final 
scene, a hymn to family values, the baby, the gene-dad/birth- 
mom, and the egg-donor/gene-mom (who falls in love with the 
Schwarzenegger character after he becomes ey play hap- 
pily together on a California beach. 

Movies and novels that mix real science with science fiction 
often lead to confusion in the public mind about what is really 
possible and what is not. Usually, scientists and physicians can 
be counted on to sort it all out. With male pregnancy, though, 
something funny happens. Some say it is possible while others 
say it isn’t. To understand how different professionals can reach 
such opposite conclusions, we must delve into the thought pro- 
cesses of the scientist and the clinician, respectively. 

The scientist lists the ingredients that are essential for start- 
ing and maintaining a human pregnancy. The first ingredient is 
a fertilized egg. The second is an appropriate hormonal environ- 
ment to allow implantation and pregnancy to proceed. The third 
is a living womb within which the embryo can implant and 

form a placenta. All three ingredients occur naturally in a fertile 
woman. Could they be duplicated, as well, within a man? 

First, let’s consider the fertilized egg. The birth of Louise 
Brown in 1978 demonstrated that these microscopic entities 
were no longer the exclusive province of fertile women. Eggs 
fertilized in vitro could be picked up through a tiny glass needle 
and placed anywhere, including the space inside a man’s body. 

Without the proper hormonal environment, however, im- 

plantation and pregnancy cannot take hold. So it is critical to 
know whether a pregnancy hormonal environment could be 
replicated in a man’s body over the entire nine months of gesta- 
tion. You might be surprised to learn that we already know the 
answer to this question, and it’s yes. 

After a woman passes through menopause, she is no longer 
able to produce the hormonal environment associated with 
pregnancy. And yet, with the use of donated eggs and IVF, 
postmenopausal women in their fifties and sixties have gotten 
pregnant and given birth. The pregnancies were achieved and 
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maintained through hormonal injections that simulated the 
pregnancy environment of a naturally fertile woman. Based on 

our current understanding of endocrinology, there is no reason 

why the same type of pregnancy environment could not be 

simulated in a man as well. 
“Eggs and hormones are all well and good,” you might say. 

“But, it’s the third ingredient that can’t be duplicated. Women 
have wombs and men do not. And that’s always the way it’s 
going to be.” 

Once again, mother nature tells us that our intuition is 
faulty. Every once in a while—in one pregnancy out of ten 
thousand—the fertilized egg doesn’t make it to the uterus, and 
ends up instead in the wide open space of the abdomen, also 
known as the peritoneal cavity. This can happen because the 
ovary is not actually attached to the fallopian tube (or oviduct), 
as is commonly thought. Instead, after ovulation, the egg must 
make its way into the nearby opening at the end of the tube 
in order to begin its journey toward the uterus. Occasionally, 
when conception occurs very close to the opening in certain 

women, the newly fertilized egg may actually fall back out of 
the tube and into the abdomen. 

Now you might think that once an egg has fallen into the 
abdomen, its chances of survival are nil. Surprisingly, at the 
appropriate time of development, an embryo can implant itself 
into almost any living tissue that it happens to alight upon. And 
the abdomen is filled with all sorts of tissues—from the intes- 
tines to the kidneys, to the liver and the spleen. With successful 
implantation and sufficient placental formation, the embryo can 
develop normally into a fetus that can be carried through a full 
nine months of pregnancy. At the end, of course, it has nowhere 

to go unless it’s delivered by a modified Cesarian section. The 
medical literature is filled with sporadic reports of healthy live- 
born babies that were carried by mothers pregnant in this un- 
usual way. 

So let’s come back to the third ingredient required for preg- 
nancy: a living womb within which the embryo can implant 
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and attach a placenta. If a woman’s abdomen can act as womb, 
a man’s abdomen could do just as well. “Clearly,” the scientist 
would conclude, “I’ve now proven that human male pregnancy 
is possible, and it’s possible today!” 

“Wait just a minute,” the clinician would implore, “let’s look 

at all of the reported cases of abdominal pregnancy again, this 
time with a greater eye to the clinical details. And let’s start out 
with some of the general statements made by the reporting 
physicians”: 

“Abdominal pregnancy is a rare but life-threatening 

condition.” 

“Morbidity and mortality for both the fetus and the 

mother are considerable . . . Once the diagnosis is estab- 
2 

lished, immediate surgical intervention is usually advisable.’ 

“Care of the patient afflicted with it may present formi- 

dable challenges.” 

Abdominal pregnancy is considered “life-threatening” be- 
cause of the placental connection the embryo must set up be- 
tween itself and the body within which it lies. In a normal 

pregnancy, the embryo attaches itself to the specialized internal 
lining of the uterus known as the endometrium. Endometrial 
cells are recruited along with embryonic cells to form the pla- 
centa, but at the time of birth, the entire placenta detaches itself 

easily from the intact uterine wall to follow the baby through 
the birth canal. The ability to create a detachable endometrial 
lining that can be incorporated into the growing placenta is a 
unique property of the uterus. 

Unfortunately, when an embryo implants into an abdominal 
tissue, detachment is not so simple. The problem is that the 
development of the placenta can cause complete intermixing 
between embryonic and parental tissues so that there is no clean 
boundary between the two. The more extensive the intermixing 
is, the more problematic it becomes to remove placental tissue. 
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The physician has to cut between the wholly placental tissue, 
and the intermingled placental-maternal tissue. Large blood ves- 
sels must be severed, and as a consequence, difficult-to-control 

internal bleeding can take place. 
Problems are not just confined to the stage at which a preg- 

nancy is terminated. Long before the final event, a placenta can 
cause severe damage to an organ that it’s invaded, with the 
possibility of spontaneous hemorrhaging that can quickly result 
in death. 

So is male pregnancy possible? Probably yes. 
Is male pregnancy feasible? No, not at the present time. It’s 

not just a question of whether the “Baby Lives,” as the tabloid 
writer for the Sun thought, but whether the pregnant man him- 
self survives the gestation and birth. 

Today, at least, the attainment of pregnancy is not some- 
thing that any sane man would attempt, or that any ethical 
physician would suggest. Once again, though, we should never 
say never. At some point in the future, it’s likely that reproduc- 
tive biologists will figure out how to direct the growth of the 
placenta away from vulnerable abdominal organs and onto an 
easily detachable but blood-rich surface for growth. 

When male pregnancy becomes available, we might want to 
ask whether any man would really want to put himself through 
it. As the DeVito character in the movie Junior says, “Part of the 

beauty of being a guy is not having to get pregnant.” 
While most guys may feel this way, there are certainly a 

significant number who do not. These will include some 
transsexuals—people born physically as men who undergo sex 

change operations to become women later in life—as well as 
married men who want to be surrogates for their infertile wives, 
just like the Sun’s Richard Koinevo, the birth-mother-gene-father 
from Vassa, Finland. 

As we think about all the variations on motherhood and 
fatherhood described in this part of the book, it is clear that 
these concepts are not as easily defined as they once were when 
human reproduction was a mysterious process hidden from the 

— 
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view of all, within the womb of a woman. In those bygone 
days, a child had but one mother and one father, and that was 

that. But with the unveiling of human conception—literally in 
broad daylight—reprogeneticists gained the ability to finesse the 
single passageway that had always connected parents to their 
children. Today, there is not one but many paths that can be 

followed to reach the goal of having a child. The validity of any 
of these paths should be judged not by where or how develop- 
ment began, but by the love that a parent gives to the child 
after she or he is born. 
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PART FIVE 

TOMORROW'S CHILDREN 

For God knows that in the day you eat 

of it [the fruit of the tree of knowledge] 

your eyes will be opened, and you will be 

like God, knowing good and evil. 

—GENEsIs 3: 5 





The Virtual Child 

ALICE 

At the top of the window on the computer screen is the smiling 
image of a teenage girl, about sixteen years old. Alice has a 
round face, small lips, a slightly broad nose, small ears, and 
hazel eyes just like those of her maternal grandmother and an 
uncle on her father’s side of the family. Her thick, dark brown, 

wavy hair is on the oily side but otherwise nondescript. Tradi- 
tional vital statistics are displayed to the right of her image: 
sex—female; height—between 5 feet 3 inches and 5 feet 5 
inches; weight—between 122 and 129 pounds. And at the bot- 
tom of the window is a list of general categories that contain 
more specific information on who this Alice is, and what she 
can expect from life. The categories are Severe Single Gene Dis- 
orders; Predispositions to Complex and Infectious Diseases; 
Physiological and Physical Characteristics; and finally, Innate 
Personality and Cognitive Characteristics. 

Melissa slowly takes hold of the mouse and tenatively moves 
it until the arrow on the screen points to category number 
one—‘“Severe Single Gene Disorders” or SSGD. A single click 
opens up a new window with a long list of several thousand 
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diseases, any one of which would have devastating. effects. In- 

cluded are sickle cell anemia, cystic fibrosis, Tay-Sachs, and 

PKU, which each afflict one in every thousand or so children. 

But the vast majority of diseases on the list are exceedingly rare. 
In the column next to each disease name is one of three sym- 
bols—a green + to indicate the presence of two good copies of 
the gene; a yellow C to indicate carrier (but not disease) status, 

with one good and one mutant copy of the gene; or a bright 
red D to indicate the presence of two mutant copies of the gene 

and disease inevitability. 
Summary information can be viewed at the top of the list. 

This Alice has tested green on 4,234 diseases; these are the ones 

for which she is neither at risk nor a carrier. She tests yellow— 
carrier status—on six very rare diseases (the average person 
tests yellow for eight), and there are no diseases for which she 
tests red. 

The SSGD window is closed, and a click on “Predispositions 

to Complex and Infectious Diseases” or PCID brings up another 
window with another list containing several thousand entries. 
Each disease listed in this category results from the interaction 
of genetic and environmental factors. In almost all cases, the 

genetic contribution is spread out over multiple genes. In the 
column next to each disease name is a number between 0 and 
100 that describes the inborn risk factor in comparison to the 
general population. Numbers below 50 represent decreasing risk 
relative to the average, numbers above 50 increasing risk. 

Risk of childhood leukemia is 45, slightly below average. 
The long-term risk of breast cancer is 55, which is slightly above 
average; this means that by the time she reaches the age of 55, 
this Alice will have a 6 percent rather than a 3 percent chance 
of being so afflicted. Scrolling down the long list shows that 
most risk factors lie within the average range, while a handful 
are somewhat more extreme. All risk factors above 65 are high- 
lighted in red. 

One red-highlighted entry is heart disease, with a risk factor 

of 70. Further relevant information is obtained by a click on 
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the disease term, which brings a smaller window into the fore- 
ground. The text in the small window points out that this Alice’s 
specific heart disease risk factor is responsive to environmental 
modifications. The 70 risk factor value is based on the average 
American diet and the average American exercise routine. But 
with the changes in lifestyle that are specified, risk of heart 
disease can be reduced to 53—almost average. The other high- 
lighted, high-risk entries are also amenable to lifestyle changes 
or are of a nature that is not deemed serious. 

A few more clicks and all of the PCID windows are closed. 
Now Melissa moves down to the “Physiological and Physical 
Characteristics” category, and brings up a list of various bodily 
attributes and measurements that can affect general health as 
well as athletic talent. An overall assessment shows Alice to be 
generally healthy. One minor concern is that her skin is sensi- 
tive to sunlight, but with the judicious use of sun blockers, 

she'll be able to avoid any ill effects. As far as athletic talent 

goes, there’s not much out of the ordinary for a girl of her size 
and body shape. If she had the desire, and she pushed herself 
quite hard, she might be able to make her high school gymnas- 
tics team. 

Melissa returns to the main window with the face of the 
girl herself. She focuses her eyes and her mind on the image, 
and whispers, just under her breath, in an almost quizzical way: 
“Alice? . . . Alice?” 

She pauses for a moment, then closes the window on this 
Alice, number 17, which brings her back to the master list. She 

scrolls down the list to number 43, clicks once, and a new 

window opens up to a new girl, with a facial appearance that 
is quite different from the first Alice. This girl has a longer face 
with higher cheekbones, brown eyes, and straight dirty blond 

hair. Melissa focuses in on this second image with the same 
mantra as before: “Alice? . . . Alice?” 

Which one will become the real Alice? It has now come 
down to just two of the eighty-four available in the original 
list. Eighty-four genetic profiles obtained for eighty-four of their 
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embryos sitting safely and quietly at -320 degrees, while Melissa 

and her husband Curtis make up their mind. The choice of a 

genetic profile for their child is the most important decision 

they will make in their lives and there is no reason to rush it. 
The first cut had been easy. Twenty-seven of the original 

ninety-six profiles showed chromosomal abnormalities or other 
mutations that were incompatible with normal development, 
had any of these embryos been implanted, a miscarriage would 
have ensued. The remaining sixty-nine had the potential to go 
full term, but six of these showed evidence of severe genetic 
defects that were likely to cause death during childhood or 
young adulthood. Another twenty-two had disease predisposi- 
tions, physical or cognitive starting points that were below aver- 
age, or extreme aspects of one temperament or another that 
Melissa or Curtis deemed undesirable. Of the forty-one profiles 
that remained after this cut, twenty-three were female and eigh- 

teen were male. Melissa and Curtis had already decided to have 
a girl, and they had already decided to name her Alice. This 
decision meant that they had only twenty-three profiles to con- 
sider in greater detail . . . twenty-three potential Alices. 

Before they started the process, Melissa and Curtis knew 
that the genetic constitution of their child would be limited by 
their own genetic profiles. They knew that they could not expect 
a blue-eyed baby with light blond hair, or a child with the 
physical attributes required to become a star tennis or basketball 
player. But a number of other positive characteristics were 
within the range of possibility. And what Melissa wanted most 

was a daughter with an innate score for musical talent that was 
even higher than her own high score. Curtis’s hopes were fo- 
cused elsewhere. He wanted Alice to be born with temperament 
and cognitive attributes that would serve her well in the busi- 
ness world. 

Melissa and Curtis also know that there is no such thing as 
a perfect child. From the time that complete genetic profiles 
became a reality, every adult who had one done could see the 
combination of flaws and foibles that were uniquely their own. 
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And when it came time to have a child, it was up to the parents 
to decide which should be avoided and which were tolerable. 

Each one of the twenty-three potential Alices came with 
strong points and weak points, in the eyes of Melissa and Curtis. 
The one with the strongest musical talent was on the shy side 
and lacking in talent for abstract analysis, which did not appeal 
to Curtis. Likewise, the one with the strongest talent in abstract 

analysis would have a tendency to be twenty pounds overweight 
and not very musical, which Melissa was unwilling to accept. 
So compromise was the word of the day. 

And that is how they came down to the final two. Both 
scored well on all important temperament scales with a ten- 
dency toward long-term happiness, emotional stability, consci- 
entiousness, mild risk-taking behavior, and an assertive but not 

overaggressive nature together with an outgoing personality. In 

addition, both had well-above-average talents in both music and 
abstract analysis. Now the decision came down to small aspects 
of physical appearance. Number forty-three had a chin, nose, 
and eyes that made her resemble her father, and this appealed 
to Curtis. But Melissa thought that number seventeen would 
turn out to be more pretty, although this highly subjective as- 
pect of physical appearance would always be difficult to gauge 
in a computer-generated facial image. Melissa and Curtis finally 
made their choice, and nine months later, they shared in the 

thrill of the birth of their baby girl—a real-life Alice. 

WHERE THE TECHNOLOGY NOW STANDS 

The concept of virtual children became reality on April 19, 
1990, with a report in the journal Nature of two pregnancies 
that had been established with individual embryos chosen on 
the basis of their genetic profiles. The potential mothers, who 
had volunteered for this first clinical test of what is referred to 
as “embryo biopsy” or “preimplantation genetic diagnosis” 
(PGD), were all carriers of a serious disease mutation that could 
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be expressed in sons but not daughters. Thus, mothers could 

be certain their children would be disease-free so long as they 

could be certain that their children would be girls. 
In the first use of PGD technology, it was only necessary to 

determine whether a single, arbitrary piece of DNA on the Y 

chromosome was present in—or absent from—each embryo. Its 
presence demonstrated the maleness of an embryo; its absence 
was indicative of femaleness. Only embryos that scored as vir- 
tual girls were chosen for implantation. Nine months later, their 
mothers gave birth to real girl babies who would never express 

the family-borne disease. 
Now in 1997, it is possible to screen thousands of different 

genes within individual embryos to determine various ways in 
which the virtual children associated with these embryos differ 
from one another. To appreciate what it means to screen a 

gene, we must first understand how people differ from one 
another genetically. 

Although it is commonly said that someone “has the sickle 
cell gene” or a “gene for red hair,” or “the breast cancer gene,” 
this kind of talk does not present an accurate picture of what’s 
happening at the genetic level. In fact, we all share the same 
set of 100,000 genes in two copies laid out along 23 pairs of 
chromosomes. The total of all the information in these chromo- 
somes is referred to generically as the “human genome.” No 
human being alive (at the time of this writing) has any extra 
genes. There is no sickle cell gene or red hair gene or breast 
cancer gene. There are only alternative forms of genes that we 
all share. It is different forms of the same genes, rather than 
different genes, that distinguish us from one another. 

The alternative forms of a gene are called alleles. Most alleles 
of a single gene differ from one another in a small way, often 
by as little as a single DNA unit known as a base. A DNA base 
is analogous to a bit, which is the basic unit of information 
stored in computers. Just as a computer file is composed of a 
series of bits (arranged in bytes), each gene is composed of a 
series of hundreds or thousands of bases. But even a single base 

~~ 
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difference in a gene can have drastic consequences. One gene 
that we all carry is called beta-globin. A particular single base 
change in this gene alters the structure of the hemoglobin pro- 
tein, which leads to the devastating disease of sickle cell anemia. 

Mutations—changes in bases that lead to new alleles—are 

not always bad. We are all children of mutants. In fact, every 
one of our genes has been built up through an evolutionary 
process that involved one mutation after another. We tend not 
to think of ourselves in this way because the term “mutant” has 
such a negative connotation, but it is true nonetheless. 

Once different alleles have been identified, it becomes possi- 
ble to screen for their presence or absence within individual 
embryos. Screening has already been performed for diseases 
such as sickle cell anemia, cystic fibrosis, Tay-Sachs, and Hun- 

tington disease, which are each caused by a mutant allele in a 
single gene. The same technology could be used just as readily 
to detect alleles associated with positive traits associated with 
better health, temperament, or talent. As long as a DNA differ- 

ence has been identified between two alleles at a gene, that 
difference can be detected with the techniques of modern mo- 
lecular biology. 

But how, you may ask, is it possible to analyze individual 
genes in single cells plucked from an embryo? When you under- 
stand what actually has to be looked at, you'll see what the 

problem is. Single cells carry only a single molecule of DNA 
with the instructions for each gene copy, and the difference 
between alleles can be confined to just a dozen atoms. This 

means that if you want to know whether a particular allele is 
present in an embryo, you must have a technique that can 
distinguish whether a particular set of twelve invisible atoms— 
hidden among the trillions of atoms that make up an embryonic 
cell—are present in one position or another. The technique 
must be rapid, accurate, cheap, and easy to perform on large 

numbers of samples. 
There is no chemical technique that can provide information 

on the atomic structure of a single molecule. It was for this 
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reason that scientists assumed, before 1983, that it would always 

be impossible—not just unlikely, but absolutely impossible—to 

perform a genetic diagnosis on a preimplantation embryo. But 

these preconceived notions of scientific limitations were com- 

pletely erased with the invention of the Polymerase Chain Reac- 

tion or PCR. 
PCR was conceived of by a single eccentric scientist named 

Kary Mullis in a manner that has already become a legend in 
what is still a very young field. This is the way Jim Dwyer of 
the New York Daily News described it based on his interview 

with Mullis in 1993: 

Mullis was being playful on an April evening in 1983 as 

he drove up to his ranch. “My hands were occupied, but 

my mind was free,” he says. He remembers the fragrance 

of the flowering roadside buckeye that washed in the car 

windows as its white stalks bobbed in the headlights. How, 

he was pondering, could you find a single spot on the long, 

fragile DNA molecule? In a series of acrobatic chemical 

leaps, he realized that a section of DNA containing a gene 

or fragment could be marked off, then forced into copying 

itself using replicating techniques similar to those DNA em- 

ploys when a cell divides. Then he realized something so 

startling he had to pull the car to the side of the road. 

When he had been messing with computer programs, he 

had been impressed by the power of a reiterative computer 

loop, in which the same process is repeated over and over. 

He saw how fast numbers can climb when they increase 

exponentially. Replicating DNA could work about the same 

way: By adding the right chemicals, the little section of DNA 

could keep reproducing itself automatically and exponen- 

tially—so that the fragment would double, from two pieces, 

to four, to eight . . . and ever onward. In practical terms, 

he saw that, after 8 doublings, he would have 256 copies 

yee 
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of the gene. By the twentieth cycle, he’d have 1,048,576. 

By the thirtieth, he’d be up to 1,073,741,824—a billion 

copies of a single gene in three hours. 

Although the full ramifications of PCR would later be eluci- 
dated by others, Kary Mullis had invented—in his mind that 
night—a method for beginning the workday with a single cell 

and ending up with a test tube full of billions of copies of a 
single gene before lunch. Three hours to clone a gene by a 
machine that can be purchased for less than $5,000 (and is 

now present in high school science labs across the country), 
and starting with just a single DNA molecule. DNA alleles could 
be read after lunch, and within the course of a single workday, 

genetic profiles could be ready on hundreds of different em- 
bryo samples. 

More than any other technique invented during the twenti- 
eth century, PCR has changed the course of the biological and 
biomedical sciences. In addition to the enormous power that it 
added to gene discovery and analysis—it now plays a role in 
nearly every experiment performed in every genetics laboratory 
in the world—PCR has made it possible to obtain rapid genetic 
profiles not only on humans but other animals and plants as 
well, with an enormous impact on both agriculture and environ- 
mental science. PCR has also had an enormous impact on foren- 
sics with its power to provide genetic profiles on even single 
hairs left behind at the scene of a crime. And PCR has provided 
us with the ability to look back into the past, to demonstrate 
that the skeletons found buried in an isolated Siberian town 
really did belong to the last Russian Czar and his family, and 
much further back to derive genetic profiles on insects and 
plants that have been extinct for millions of years. The real- 
world recovery and analysis of DNA from Jurassic-age bugs 
trapped in amber was the premise on which Jurassic Park is 
based. In recognition of the enormous impact that his road-trip 
discovery has had on many areas of human endeavor, Kary 
Mullis was awarded the Nobel Prize in chemistry in 1993. 
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We are finally ready to follow the entire process of preim- 

plantation genetic diagnosis (PGD) from start to finish, as it is 

accomplished today. First, a woman is stimulated hormonally 

to ovulate a large number of eggs—typically a dozen or so, but 
occasionally up to thirty. These mature eggs are recovered from 
the ovaries and placed in a petri dish where they are incubated 
with sperm to achieve fertilization. The new embryos are al- 
lowed to develop in an incubator for two and a half days, at 
which point each one contains between six and ten cells. A 

chemical drill is used to make a small hole in the zona coat 

surrounding each embryo, and a microscopic needle is passed 
into the hole to extract one or two embryonic cells. These 

cells—and the DNA molecules that they contain—are dissolved 

in a solution, and the PCR protocol is used to amplify predeter- 

mined regions of the genome a billion or more times. Other 
molecular technologies are used to determine which alleles are 

present, and the information obtained allows the selection of 

particular embryos for introduction back into a woman’s repro- 
ductive tract. 

It is time to point out that significant limitations in the 

practice of PGD still exist. First, it is usually not possible to 
obtain more than a dozen eggs from a woman after hormonal 

treatment. Since not all eggs undergo fertilization and proper 
development in a petri dish, the number of embryos available 

for analysis is reduced further. And even if an embryo develops 

normally and is successfully biopsied, the rate of success in 

retrieving genetic information for even a single gene within it 
is only 90 percent. Based on this percentage, simple probability 

rules tell us that the chance of successfully determining a profile 

for just 10 genes in a single embryo is only 35 percent. In other 

words, if an average couple wants to select a child based on a 
genetic profile of just ten genes, it will probably have less than 
four embryos (35% X 12) to choose from. To make matters 

worse, the probability that any introduced embryo will actually 
implant into a woman’s uterus is still less than 50 percent under 
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the best of circumstances. This situation means that at the end 
of the process, there is a good chance that no child will emerge. 

All these limitations constrain the utility of the current PGD 
technology to just those couples who are at known risk of hav- 
ing a child afflicted with a disease caused by the presence of a 
single disease allele in one or both prospective parents. In this 
context, PGD can be used to separate those embryos that will 

not be so afflicted for an attempt at pregnancy. 
PGD is greatly appreciated by the small number of couples 

for whom it is now useful. At the moment, though, the Alice 

scenario that introduced this chapter remains securely in the 
realm of fiction. But for how long? 

WHERE SCIENCE AND TECHNOLOGY 

CAN GO 

There are five technical problems that must be solved—along 
with a scientific database that must be established—before the 
Alice scenario becomes reality. First, the efficiency with which 

genetic information is recovered from any individual gene—in 
each embryonic cell analyzed—must be increased essentially to 
100 percent. Second, all 100,000 human genes must be identi- 
fied along with the common alleles at each that are carried by 
most people. Third, a method must be devised for screening all 
of these genes rapidly and efficiently. The data obtained from 
such a screen would provide a complete genetic profile for each 
individual embryo. At this point, a scientific database must be 
available for matching each genetic profile with a description of 
a corresponding virtual child. Fourth, a method must be devel- 
oped for increasing the number of eggs that can be obtained 
for IVF from any individual woman to at least one hundred. 
Finally, the efficiency with which any chosen embryo can be 
turned into a baby must be increased to 90 percent or greater. 

Incredibly, solutions to all five technical problems can be 

imagined based on technologies available to us right now. Al- 
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most surely as well, the required scientific database will expand 

rapidly to completion within the next half century, if not sooner. 

Let’s examine the potential solutions one by one. 
The first problem concerns the efficiency with which genetic 

information can be obtained from the single copies of each DNA 

molecule present in the single embryonic cell removed for ge- 

netic diagnosis. Although PCR is powerful, it is unlikely that its 
efficiency can be increased to anywhere near the levels required 

for recovering information from all 100,000 genes present in a 

single cell. There is, however, an alternative approach that will 

solve the problem more readily. Instead of using chemistry to 
make copies of DNA molecules (the PCR way), scientists can 

use biology. 
The biological approach is to use special nutrients and sig- 

nals that will force each individual embryonic cell to grow into 
a larger mass of thousands of identical cells. Of course, with 

each cell duplication event, all the DNA also duplicates natu- 

rally. With 1,000 cells, there are 1,000 exact copies of each 

allele at each gene; with 100,000 cells, there are 100,000 copies. 

With a sufficient amount of DNA, it becomes possible to screen 
for the presence of alleles at any known gene with very high 
efficiency. 

So how many human genes are known? In 1997, fewer than 

10,000 have been fully characterized. But the situation is chang- 

ing rapidly as a result of the Human Genome Project, which 

was initiated by the National Institutes of Health in 1991, with 

the goal of identifying and characterizing all 100,000 human 

genes. It seems likely the goal will be achieved by the year 
2020. And by 2030, it is likely that all the common alleles 

present at each human gene in different members of the popula- 
tion will also be known. 

For the purposes of PGD, all of this information wouldn't 

do us much good without a rapid and efficient way to screen 
all 100,00 genes in every single embryo. With the best genetic 

technology available in the past (meaning before 1996), it would 
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have taken years to accomplish this task. Thus, it would not 
have been feasible to obtain routinely complete genetic profiles. 

But the future is now. By bringing together the technology 
used to manufacture computer chips with chemical methods 
developed for the synthesis of DNA, a small biotech firm named 
Affymetrix has pioneered the development of DNA chips that 
are set to revolutionize the practice of genetics in the twenty- 
first century. DNA chips carry separate DNA fragments in a 

checkerboard pattern of microscopic blocks. Each separate 
block can act as a detector for the presence or absence of a 
particular allele. To perform an analysis, one exposes the chip 
to a solution containing a DNA sample, and then uses a 

microscope-based detection system in coordination with com- 
puter software to obtain a readout. 

A l-inch square DNA chip has already been developed with 
the capacity to hold 400,000 independent DNA fragments— 
enough to screen an average of 4 alleles at each of the 100,000 
genes within the human genome. The capacity of future DNA 
chips is poised to climb rapidly (their inventor, Stephen Fodor, 
sees capacity doubling every 18 months just like computer 
chips), and their cost will decline rapidly as they are put into 
mass production. With DNA chips, complete genetic profiles 
could be obtained for any number of embryos within a few 
hours. 

Even when we gain the ability to obtain complete genetic 
profiles, much of the information within them will remain 

meaningless. Proper interpretation of an entire profile will de- 
pend upon a deep scientific understanding of the connection 
between all of the many alleles that exist among human ge- 
nomes and the characteristics that they control or affect. These 
connections are being made one by one, even as you read this 
book. The use of DNA chips in conjunction with information 
obtained from the Human Genome Project will rapidly acceler- 
ate the process so that computer generated attribute profiles— 
of the type described for Alice—should become feasible by the 
middle of the twenty-first century. 
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Obtaining and interpreting complete genetic profiles won't 

be of much use to potential parents if they can only look at a 

dozen or fewer embryos. This point was implicit in the Alice 

scenario, where a large starting pool was essential to provide a 
sufficient number of different genetic profiles to choose from. 

The solution to this problem will probably not come from 
further optimization of protocols for hormonal stimulation of 
ovulation. Instead, a very different approach will be pursued. 
Girl babies are born with a million immature eggs in their ova- 
ries. Very few of these eggs are ever ovulated during the fertile 
period of a woman’s life. Throughout this period, egg degenera- 
tion occurs constantly, but even at a point just before meno- 
pause, there are still tens of thousands of viable eggs that 

remain. A very small piece of an ovary taken from a young 
woman will contain hundreds or thousands of eggs. Based on 
the technology described in chapter 14, it will soon be possible 
to induce most of these eggs to mature under laboratory condi- 
tions. Upon in vitro fertilization, the eggs could be tumed into 
hundreds of newly developing embryos, each one ready to be 
profiled by the methods outlined above. 

There is a final technical problem that must be solved before 
the Alice scenario comes true. If a couple has gone to the trou- 
ble of identifying an embryo to grow into their child, they won’t 
be satisfied—at this late stage—with just a 50 percent chance 
of success, which is the best they could hope for today. It is 
possible that optimization of current protocols could increase 
the rate of implantation further, but probably never to the high 
levels required to warrant the use of the technology in the way 
I described for Alice. Again, a radically different path might 
be taken to reach the goal of an implantation rate close to 
100 percent. 

The trick would be to clone the chosen embryo into a mass 
of a thousand or more identical cells. This mass would provide 
an essentially unlimited number of nuclei for transfer into 
the cytoplasms of nuclear-free unfertilized eggs recovered 
from the same small piece of ovary that was previously pro- 
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vided by the potential mother for the production of the initial 
embryos used for screening. As noted previously, nuclear trans- 
fer from embryonic cells has already been successful in many 
species, including another primate—the Rhesus monkey. The 
monkey result, in particular, tells us that the same technique 
will almost certainly work with human embryos. With this clon- 
ing-based approach, an embryo with the same genetic. profile 
could be introduced into a potential mother’s uterus each month 
until a successful pregnancy is achieved. 

What I have presented are potential solutions to all of the 
technical problems that currently limit the extent to which pre- 
implantation genetic diagnosis can be carried out. Whether 
these approaches—or others based on the invention of new 
technologies we can’t yet imagine—are actually used is not 
important. What matters is the almost certainty with which a 
world of virtual children and genetic choice will become feasible 
by the middle of the twenty-first century. 

Again, just because a technology can be developed and used, 
does not mean that it will be or should be developed and used. 
And the arguments over embryo selection are likely to become 
louder and more fierce as the technology grows ever more 
powerful. 

AN INTERLUDE: 

SOME VOICES FROM SOCIETY 

These women . . . want nothing more 

than to be mothers; their husbands are 

equally fervent about being fathers. Their 

dreams are not of just any child. They 

want a child or children of their flesh, a 

child with the father’s chin and the 

mother’s knack for mental arithmetic. 

—BARBARA STEWART, NEW YORK TIMES 
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Do we want to have a society where 

parents can flip through a DNA catalogue 

and design their own “boutique baby’’? 

Will we accept that it is perfectly 

reasonable to discriminate against people 

before they are born, or prevent them 

from being born, because we don’t like 

their genes. 

—DEAN HAMER, GENETICIST AT THE NATIONAL 

CANCER INSTITUTE WHO DISCOVERED 

THE “GAY GENE” 

Why is it OK for people to choose the 

best house, the best schools, the best 

surgeon, the best car, but not try to have 

the best baby possible? 

—PARENT OF A CHILD BORN AS A RESULT OF 

ARTIFICIAL INSEMINATION WITH SPERM 

OBTAINED FROM A DONOR SELECTED FOR 

“HIGH INTELLIGENCE” 

For some, the idea of a father choosing a 

genetic “gift” for his son is repellent . . . 

it sends all the wrong messages. 

— SCIENTIST REVIEWERS OF A PLAY ENTITLED 

THE GIFT, WHICH IS BASED ON DILEMMAS 

RAISED BY SELECTION FOR TRAITS LIKE 

ATHLETIC TALENT 

If procreative liberty gives women the 

right to abort through the first two 

trimesters for any reason whatsoever, it is 

hard to see what justification there could 

be for putting limits on genetic screening 

and nontransfer of embryos. 

— BONNIE STEINBOCK, PROFESSOR OF 

PHILOSOPHY, STATE UNIVERSITY OF 

New York, ALBANY 
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The real problem is not the one we most 

fear: a government program to breed 

better babies. The more likely danger is 

roughly the opposite; it isn’t that the 

government will get involved in 

reproductive choices, but that it won't. It 

is when left to the free market that the 

fruits of genome research are most 

assuredly rotten. 

—DIANE PAUL, PROFESSOR OF POLITICAL 

SclENcE, UNIVERSITY OF MASSACHUSETTS 

We mold and shape our children 

according to environmental factors. We 

give them piano lessons and every other 

type of lesson imaginable. I’m not sure 

there is anything wrong with using 

genetics . . . as long as it is not hurting 

anyone or .. . ideas of perfection (are 

not being imposed) on anybody. 

—ARTHUR CAPLAN, DIRECTOR OF THE CENTER 

FOR BIOETHICS AT THE UNIVERSITY OF 

PENNSYLVANIA 

A CAUTIONARY NOTE: 
GENES ARE ONLY PART OF THE STORY 

Imagine the personal disappointment that parents might feel if 
the trait they’ve selected in an embryo ends up not being ex- 
pressed in their child. For disease traits that are genetically de- 
termined—like cystic fibrosis or Tay-Sachs—this should never 
be a problem (as long as technical errors can be avoided); if at 
least one good copy of the gene is selected, the disease cannot 
be expressed. But once selection ventures outside the realm of 
these simple traits, nongenetic factors may play a role as well. 

Someday parents will be able to select against alleles that 
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allow a person to become physiologically addicted to alcohol. 

But even in the absence of such alleles, some people will still 

drink to excess for purely psychological reasons. And while it’s 
possible right now to select against mutations in the BRCA1 
gene that cause a twenty-fold increase in risk of breast cancer, 
even those without the mutation still have a 3 percent chance 
of getting the disease by the age of fifty-five. And innate talent 
in music, math, or athletics will not be enough to turn a child 

into a skilled musician, mathematician, or athlete, if she chooses 

to ignore the starting points provided within her genes. 
Unless parents understand the limitations inherent in ge- 

netic selection, some are bound to be disappointed. Especially 
in the realm of personality and achievement, the environment 

will play as critical a role as the genome. It seems incumbent 
upon those who offer embryo selection services to make sure 
that prospective parents understand the limitations of the tech- 
nology before they begin. 

If nothing is guaranteed, you may ask, why would anyone 
want to do it? But the same question can be asked of parents 
who spend large sums of money on schooling, piano lessons, 
and private tennis tutors. It is always possible for children to 
reject the dreams of their parents, no matter what those dreams 

are based on. And all children—whether selected or not—are 
subject to the capricious nature of the world within which they 
live. Children born after selection against Tay-Sachs, or for per- 
fect musical pitch, can be struck down by the ravages of the 
modern environment just as easily as those born in the absence 
of selection. There is only so much that parents can do to 
protect their children. After that, they can just hope for the best. 

NEGATIVE SELECTION VERSUS 
POSITIVE SELECTION 

While some people are opposed to all forms of genetic selection, 
many seem willing to draw a line between negative selection 
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against embryos with disease alleles—and positive selection—in 
favor of embryos that carry desirable alleles. According to this 
common point of view, it is acceptable to select against embryos 
destined to express Tay-Sachs disease, but unacceptable to select 
in favor of embryos that can develop into children who may 
start off better than average in some way. ae 

Yet the idea that specific uses of embryo screening will fall 
neatly into categories of negative and positive selection is spe- 
cious. No matter what is being screened, there will be embryos 
that are chosen for implantation and others that are not chosen. 
Those who wish to draw a line will have to do it based on 
differences between genotypes. 

A genotype is simply the combination of alleles that some- 
one or some cell carries at a particular gene. The number of 
possible genotypes is determined by the number of possible 
alleles that exist at a gene; if there are two alleles, there will be 

three different genotypes. 
Let’s consider the Tay-Sachs gene as an example to illustrate 

this point in more detail. Its three possible genotypes are nor- 
mal, disease, and carrier. The normal genotype, carried by most 
people, contains two functional copies of the gene. The disease 
genotype contains two defective copies of the gene and causes 
an unpreventable, horrible death by the age of five. The carrier 
genotype—with one functional and one defective allele—has no 
adverse effects on health but allows for the possibility of having 
an affected child (if the carrier marries another carrier). 

Anyone who is willing to accept some form of embryo selec- 
tion will undoubtedly accept screening against the Tay-Sachs 
disease genotype. But what about further selection against a 
Tay-Sachs carrier genotype? Why not provide a child with the 
psychological well-being that comes with the knowledge that 
she herself won’t have to resort to reprogenetic technology when 
it comes time to have her own child? 

In practical terms, it’s hard to accept selection against Tay- 
Sachs disease but not Tay-Sachs carriers for the following rea- 
son: the test for the disease will distinguish all three genotypes. 
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Thus, whether one likes it or not, the choice will have to be 

made between embryos that are carriers and embryos that have 

a normal genotype. There are no grounds I can think of for 

choosing a carrier genotype over a normal one. But, if you agree, 
it means you are willing to accept selection against something 

other than a disease genotype. ) 
Some may argue that while the carrier genotype does not 

itself cause disease, it can lead to disease in a second generation, 

and should be considered in this light. But the chances that a 
Tay-Sachs carrier will marry another are less than 4 percent, 
and advance knowledge of carrier status will certainly allow a 
person to avoid the birth of an affected child. So the main 
negative impact of the carrier state is psychological rather 
than physical. 

Let’s now consider a case in which it is possible to select 
against a genotype that causes a 12 percent lifetime risk of 
breast cancer in favor of one with a hundred-fold reduction in 
risk. In this case, you are indeed selecting against a disease, so 

this should be considered a valid case of negative selection. 
But its not that simple because the 12 percent breast cancer 
predisposition genotype is the average one found in the popula- 
tion. In this case, negative selection against cancer risk is equiva- 

lent to positive selection in favor of a genotype that provides a 
relative advantage over other women. On what grounds do you 
accept or reject this particular type of embryo selection? 

If you are willing to accept selection against the normal 12 
percent lifetime risk of breast cancer, and the less frequent, 

but non-disease-causing Tay-Sachs carrier genotype, it follows 
logically that you should be willing to accept selection for any 
genotype that provides a child with any reduction in risk to 
any disease, or any increase in her chances of attaining psycho- 
logical or physical well-being. It’s worth remembering that the 
embryo selected could have come to term naturally in the ab- 
sence of selection. If your child could have been born anyway 
with a reduced risk of disease, or increased psychological well- 
being, why not make sure of it? 
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- The remaining portion of this chapter will be devoted to 
this critical question. But what I hope to have convinced you 
of, here at the outset, is the difficulty inherent in drawing a 

moral boundary between acceptable and unacceptable uses of 
the technology. It is for this reason that I will consider embryo 
selection as a single entity in the ethical discussion that follows. 

THE GHOST OF EUGENICS 

There are some people who equate the early embryo with a 
human being that is deserving of the same respect as a child 
or adult, based on the idea that each human embryo contains 
a human spirit, deposited within it at the time of fertilization. 
These people are generally opposed to the destruction of any 
embryos at any time, whether it is through the normal practice 
of IVF or in response to embryo selection. A scientific critique 
of this viewpoint was presented earlier and will not be consid- 
ered further here. Instead, I will focus on ethical concerns raised 

by people who are willing to accept the traditional practice of 
IVF—where embryos are chosen randomly for introduction into 
a woman’s uterus—but are troubled specifically by genetic 
selection. 

Once people reject the notion that an early human embryo 
is equivalent to a human being, the reasons for opposing em- 
bryo selection are varied, but they can all be classified under 
the rubric of eugenics. Eugenics. The word causes people to 
shudder. But what exactly is eugenics and why is it considered 
so bad? We must answer these questions before it is possible 

to continue our discussion. 

Unfortunately, answers are not that easy to come by. As the 
political scientist Diane Paul writes, “ ‘Eugenics’ is a word with 

nasty connotations but an indeterminate meaning. Indeed, it 
often reveals more about its user’s attitudes than it does about 
the policies, practices, intentions, or consequences labelled. . . . 
The superficiality of public debate on eugenics is partly a reflec- 
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tion of these diverse, sometimes contradictory meanings, which 

result in arguments that often fail to engage.” 
In its original connotation, eugenics referred to the idea that 

a society might be able to improve its gene pool by exerting 
control over the breeding practices of its citizens. In America, 
early twentieth-century attempts to put this idea into practice 
brought about the forced sterilization of people deemed geneti- 
cally inferior because of (supposed) reduced intelligence, minor 
physical disabilities, or possession of a (supposed) criminal 
character. And further “protection of the American gene pool” 
was endeavored by congressional enactment of harsh immigra- 
tion policies aimed at restricting the influx of people from East- 
erm and Southern Europe—regions seen as_ harboring 
populations (which included all four grandparents of the author 
of this book) with undesirable genes. Two decades later, Nazi 
Germany used an even more drastic approach in its attempt to 
eliminate—in a single generation—those who carried undesir- 
able genes. In the aftermath of World War II, all of these mis- 
guided attempts to practice eugenics were rightly repudiated as 
discriminatory, murderous, and infringing upon the natural 
right of human beings to reproductive liberty. Eugenics was now 
clearly a dirty word. 

While eugenics was defined originally in terms of a lofty 
outcome—the improvement of a society’s gene pool—its contem- 
porary usage has fallen to the level of a process. In its new 
meaning, eugenics is the notion of human beings exerting con- 
trol over the genes that are transmitted from one generation to 
the next—irrespective of whether the action itself could have 
any effect on the gene pool, and irrespective of whether it’s 
society as a whole or an individual family that exerts the control. 
According to this definition, the practice of embryo screening 
is clearly eugenics. Since eugenics is horrible, it follows logically 
that embryo screening is horrible. 

Although the fallacy in this logic is transparent, it is remark- 
able how often it is used by contemporary commentators to 
criticize reprogenetic technologies. A recent book entitled The 
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Quest for Perfection: The Drive to Breed Better Human Beings uses 
this theme over and over again to castigate one reproductive 
practice after another. But simply placing a eugenics label on 
something does not make it wrong. The Nazi eugenics program 
was wrong not only because it was mass murder, but also be- 
cause it was an attempt at genocide. The forced sterilizations in 
America were wrong because they restricted the reproductive 
liberties of innocent people. And restrictive immigration policies 
directed against particular regions of the world are still wrong 
because they are designed to discriminate directly against partic- 
ular ethnic groups. Clearly, none of these wrongs can be applied 
to the voluntary practice of embryo screening by a pair of poten- 
tial parents. 

Once we remove ourselves from the eugenics trap, it be- 
comes possible to consider the ethical concerns that surround 
embryo screening in the absence of anxiety-producing labels. 

Again, I want to emphasize my intent to consider only those 

concerns related to genetic selection rather than the random 
disposal of embryos during the normal process of IVF. | will 
start out with five general concerns based on concepts of moral- 
ity and naturalness. I will move on to concerns about the nega- 
tive impact that embryo screening could have on society, and 
conclude with a look at what the future might hold. 

IT 1S IMMORAL TO CHOOSE ONE CHILD 

OVER ANOTHER 

When embryo selection is equated with choosing children, there 
is a palpable sense of revulsion. It is not hard to understand 
this feeling. Often in the past, and in some places still, genetic 
choice is exercised through infanticide. The particular choice 
made most often in some Third World countries is boy babies 

over girl babies, who are suffocated or drowned soon after birth. 

In other societies, it is infants with physical disabilities that are 

most often killed. 
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But the analogy of embryo screening to infanticide is a false 

one. What embryo screening provides is the ability to select 

genotypes, not children. Today, parents can use the technology 

to make sure that their one child—whom they had always 
planned on bringing into the world—is not afflicted with Tay- 

Sachs. 
Even in the future, when it becomes possible to draw com- 

puter images based on genetic profiles, embryos will still not 
be real children. Virtual children exist only in one’s mind, and 
the consummation of an actual fertilization event is not even a 
prerequisite for their creation. Once genetic profiles have been 
obtained for any man and any woman, it becomes possible to 
determine the virtual gametes that each might produce. Each 
combination of a virtual male gamete and a virtual female ga- 
mete will produce a virtual child. And each one of the trillions 
upon trillions of virtual children made possible by virtual inter- 
course between a single man and woman (who may never have 
met) could be associated with a computer-generated profile as 
extensive and detailed as those presented for the virtual Alices 
at the start of this chapter. At the end of the story, however, 
only one real Alice emerged. And what her parents chose for 
her were the alleles that she received from each of them. 

IT IS WRONG TO TAMPER WITH THE 
NATURAL ORDER 

This concern is expressed by many who are not particularly 
religious in the traditional sense. Still, they feel that there is 

some predetermined goal for the evolution of humankind, and 

that this goal can only be achieved by the current random pro- 
cess through which our genes are transmitted to our children. 
However, unfettered evolution is never predetermined, and not 

necessarily associated with progress—it is simply a response to 
unpredictable environmental changes. If the asteroid that hit 
our planet 60 million years ago had flown past instead, there 
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would never have been any human beings at all. And whatever 
the natural order might be, it is not necessarily good. The small- 
pox virus was part of the natural order until it was forced into 
extinction by human intervention. I doubt that anyone mourns 
its demise. 

EMBRYO SELECTION FOR ADVANTAGEOUS TRAITS 
IS A MISUSE OF MEDICINE 

The purpose of medicine is to prevent suffering and heal those 
with disease. Based on this definition, it is clear that embryo 
selection could be put to uses that lie far outside this scope. 
But medical doctors have used their knowledge and skills to 
work in other nonmedical areas such as nontherapeutic cos- 

metic surgery. If we accept the right of medical doctors to enter 
into nonmedical business practices, we have to accept their right 
to develop private programs of embryo selection as well. 

One could argue that since the embryo screening technology 
was developed with the use of government funds, it should only 
be used for societally approved purposes. But government funds 
have been used in the development of nearly all forms of mod- 
ern technology, both medical and nonmedical. This association 
has never been viewed as a reason for restricting the use of any 
other technology in private profit-making ventures. 

EMBRYO SELECTION TAKES THE NATURAL 

WONDER AWAY FROM THE BIRTH OF A CHILD 

Many prospective parents choose not to learn the sex of their 
child before birth, even when it is known to their physician 
through prenatal testing. There is the feeling that this choice 
allows the moment of birth to be one of parental discovery. If 
a child’s characteristics were pre-determined in many more ways 
than just sex, many fear that the sense of awe associated with 
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birth would disappear. For some, this may be true. But this is 

a personal concern that could play a role in whether an individ- 

ual couple chooses embryo selection for themselves. It can’t be 

used as a rationale to stop others whose feelings are different. 

WHETHER INTENTIONAL OR NOT, 

EMBRYO SELECTION COULD AFFECT THE 

GENE POOL 

If embryo selection were available to all people in the world 
and there was general acceptance of its use, then the gene pool 
might indeed be affected very quickly. The first result would 
be the almost-complete elimination of a whole host of common 
alleles with lethal consequences such as Tay-Sachs, sickle cell 
anemia, and cystic fibrosis. 

There are some who argue that it would be wrong to elimi- 
nate these alleles, or others, because they might provide a hidden 
advantage to the gene pool. This is another version of the “natural 
order” argument, based here on the idea that even alleles with 
deleterious effects in isolated individuals exist because they pro- 
vide some benefit to the species as a whole. Those who make 
this argument believe that all members of a species somehow 
function together in genetic terms. 

This point of view has no basis in reality. It results from a 
misunderstanding of what the gene pool is, and why we should, 
or should not, care about it. The concept of the gene pool 
was invented as a tool for developing mathematical models by 
biologists who study populations of animals or plants. It is cal- 
culated as the frequencies with which particular alleles at partic- 
cular genes occur across all of the members of a population that 
interbreed with each other. 

Most healthy individuals are not carriers of the Tay-Sachs 
or cystic fibrosis alleles, and if given the choice, I doubt if 

anyone would want to have his or her genome changed to 
become a carrier. So on what basis can we insist that others 
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receive a genotype that we've rejected? There is none. Genes do 
not function in human populations (except in a virtual sense 
imagined by biologists), they function within individuals. And 
there is no species-wide knowledge or storage of a al- 
leles for use in future generations. 

In fact, there is not even a tendency or rationale for a species 
to preserve itself at all. At each stage throughout the evolution 
of our ancestors—from rodentlike mammals to apelike primates 
to Australopithecus to Homo habilis to Homo erectus and, finally, 

Homo sapiens—small groups of individuals gained genetic ad- 
vantages that allowed them to survive even as they participated 

_ in the death of the species from which they arose! Survival and 
evolution operate at the level of the individual, not the species. 

There are some who are not concerned about abstract con- 
cepts like the gene pool and evolution so much as they are 
worried that the genetic elimination of mental illness (an un- 

likely possibility) would prevent the birth of future Ernest Hem- 
ingways and Edgar Allan Poes. This worry is based on the 
demonstrated association between manic depression (also 
known as bipolar affective disorder) and creative genius. 

This could indeed be a future loss for society. But once 
again, how can we insist that others be inflicted with a predispo- 
sition to mental disease (one we wouldn’t want ourselves) on 
the chance that a brilliant work of art would emerge? And if 
particular aberrant mental states are deemed beneficial to soci- 
ety, the use of hallucinogenic or other types of psychoactive 
drugs that could achieve the same effect—in timed doses— 
would seem preferable to mutant genes. It is also important to 
point out that the perceived loss of mad genius from future 
society is virtual, not real. If the manic depressive Edgar Allan 
Poe were never born, we wouldn’t miss The Raven. Likewise, 

we don’t miss all of the additional piano concertos that Mozart 
would have composed if he hadn’t died at the age of thirty-five. 
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EMBRYO SELECTION WILL BRING ABOUT 

DISCRIMINATION 

With the use of embryo selection, prospective parents will be 
able to ensure that their children are born without a variety of 
non-life-threatening disabilities. These will include a wide range 
of physical impediments, as well as physiological disabilities 
(such as deafness or blindness) and learning disabilities. 

Many people with hereditary disabilities have overcome ad- 
versity to live long and fruitful lives. These people are concerned 
that the widespread acceptance of embryo selection against their 
disabilities could reinforce the attitude that they are not full- 
fledged members of society, and not deserving of love and 
attention. 

Of course, disabilities can result from either genetic or envi- 
ronmental factors. And one common environmental cause of 
disability in the past was the polio virus, which resulted in 
paralysis, muscular atrophy, and often physical deformity. Inoc- 
ulation of children with the polio vaccine was not generally 
seen as discriminatory against those who were already disabled. 
Why should genetic inoculation against disability be viewed 
any differently? 

One difference could be in the access of society's members 
to the inoculation. The polio vaccine was provided to all chil- 
dren, regardless of class or socioeconomic status, while embryo 

selection may only be available to those families who can afford 
it. The philosopher Philip Kitcher suggests that as a conse- 
quence, “the genetic conditions the affluent are concerned to 
avoid will be far more common among the poor—they will 
become ‘lower-class’ diseases, other people’s problems. Interest 
in finding methods of treatment or for providing supportive 
environments for those born with the diseases may well wane.” 

This is a serious concern. But it is important to point out 

that the privileged class already reduces the likelihood of child- 
hood disabilities through their superior ability to control the 
environment within which a fetus and child develops. People 
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who argue that embryo selection should not be used to prevent 
serious childhood disabilities because it’s unfair to those families 
who are unable to afford the technology should logically want 
to ban access of the privileged class to environmental advantages 
provided to their children as well. Political systems based on 
this premise have not fared well at the end of the twentieth 
century. 

The alternative method for preventing inequality is referred 
to as “utopian eugenics” by Kitcher and is based on the vision 
of George Bernard Shaw of a society in which all citizens have 
free and equal access to the same disease-preventing technolo- 
gies (and environments). Although discrimination would not be 
based on class differences in this utopian society, it could still 
be aggravated by the overall reduction in the number of disa- 
bled persons. 

It’s important to understand the nature of the relationship 
that might exist between embryo selection and discrimination 
against the disabled. Embryo selection will not itself be the 
cause of discrimination, just as the polio vaccine could not be 
blamed for discrimination against those afflicted with polio. All 
it could do, perhaps, is change people’s attitudes toward those 
less fortunate than themselves. An enlightened society would 
not allow this to happen. Is it proper to blame a technology in 
advance for the projected moral shortcomings of an unenlight- 
ened, future society? 

EMBRYO SELECTION WILL BE COERCIVE 

I distinguished embryo selection from abhorrent eugenic poli- 
cies of the past with the claim that embryo selection would be 
freely employed in Western society by prospective parents who 
were not beholden to the will of the state. As a consequence, 
the use of the technology would not be associated with any 
restrictions on reproductive liberty. 

There are social science critics who say that this claim is 
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naive. They fear that societal acceptance of embryo selection 
will lead inevitably to its use in a coercive manner. Coercion 
can be both subtle and direct. Subtle pressures will exist in the 
form of societal norms that discourage the birth of children 
deemed unfit in some way. More direct pressures will come 4y) 
from insurance companies or state regulations that limit health 
coverage only to children who were embryonically screened for \\\ 
the absence of particular disease and predisposition genotypes. | 

How coercion of this type is viewed depends on the political ww! 
sensibilities of the viewer. Civil libertarians tend to see any type 
of coercion as an infringement on reproductive rights. And lib- 
eral libertarians would be strongly opposed to policies that dis- 
criminated against those born with avoidable medical 
conditions. 

Communitarians, however, may view the refusal to preselect 

against such medical conditions as inherently selfish. According 
to this point of view, such refusal would—by necessity—force 
society to help the unfortunate children through the expenditure 
of large amounts of resources and money that would otherwise 
be available to promote the welfare of many more people. 

The communitarian viewpoint is considered shocking to 
many in America today because, as Diane Paul says, “the notion 
that individual desires should sometimes be subordinated to a 
larger social good has itself gone out of fashion, to be replaced 
by an ethic of radical individualism.” 

oe) 

EMBRYO SELECTION COULD HAVE A DRAMATIC 
LONG-TERM EFFECT ON SOCIETY 

Embryo selection is currently used by a tiny fraction of prospec- 
tive parents to screen for a tiny number of disease genotypes. 
For the moment, its influence on society is nonexistent. In fact, 

there are many critics who think that far too much attention is 
devoted to a biomedical “novelty item” with no relevance as a 
solution to any of the problems faced by the world. But with 
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each coming year, the power of the technology will expand, 
and its application will become more efficient. Slowly but 
surely, embryo selection will be incorporated into American cul- 
ture, just as other reproductive technologies have been in the 
past. And sooner or later, people will be forced to consider its 
impact on the society within which they live. : 

The nature of that impact will depend as much on the 
political status quo and social norms of the future as it does on 
the power of the technology itself. In a utopian society of the 
kind imagined by George Bernard Shaw, all citizens would have 
access to the technology, all would have the chance to benefit 
from it, but none would be forced to use it. In this vision of 
utopia, embryo selection would take an entire society down 
the same path, wherever it might lead. Unfortunately, if future 
protocols of embryo selection remain in any way similar to those 
used now, the technology will remain prohibitively expensive, 
and utopian access would bankrupt a country. 

A different scenario emerges if Americans hold fast to the 
overriding importance of personal liberty and personal fortune 
in guiding what individuals are allowed and able to do. The 
first effects on society will be small. Affluent parents will have 
children who are less prone to disease, and even more likely to 
succeed (on average) than they might have been otherwise as a 
simple consequence of the affluent environment within which 
they are raised. But with each generation, the fruits of selection 
will accumulate. When Alice and other members of her selected 
class come together to select the alleles that they place into 
their own children, they won't have to worry about the many 
deleterious alleles that their parents wisely eliminated. Instead, 

they will be able to focus their attention on accentuating the 
positive attributes already in place. And in every subsequent 
generation, selection could become more and more refined. 

It is impossible to predict the cumulative outcome of gener- 
ation upon generation of embryo selection, but some things 
seem likely. The isolation of the poor could become even more 
pronounced as well-off parents provide their children not only 
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with the best education that money can buy, and the best over- 
all environment that money can buy, but the “best cumulative 
set of genes” as well. Emotional stability, long-term happiness, 
inborn talents, increased creativity, and healthy bodies—these 

could be the starting points chosen for the children of the upper 
strata. Obesity, heart disease, hypertension, alcoholism, mental 
illness, and predispositions to cancer—these will be the diseases 
left to drift randomly among the families of the underclass. 

But before we rush to ban the use of embryo selection by 
the privileged, we must carefully consider the grounds on which 
such a ban would be based. Is this future scenario different— 
in more than degree—from a present in which embryo selection 
plays no role at all? If it is within the rights of parents to spend 
$100,000 for an exclusive private school education, why is it 
not also within their rights to spend the same amount of money 
to make sure that a child inherits a particular set of their genes? 
Environment and genes stand side by side. Both contribute to 
a child’s chances for achievement and success in life, although 
neither guarantees it. If we allow money to buy an advantage 
in one, the claim for stopping the other is hard to make, espe- 
cially in a society that gives women the right to abort for any 
reason at all. 

These logical arguments have been ignored in some coun- 
tries like Germany, Norway, Austria, and Switzerland, as well 

as states like Louisiana, Maine, Minnesota, New Hampshire, and 

Pennsylvania, where recently passed laws seem to prohibit the 
use of embryo selection for any purpose whatsoever. In these 
countries and states, no distinction is made between the preven- 
tion of Tay-Sachs disease and selection in favor of so-called 
positive traits. 

But if the short history of surrogacy is any guide, all such 
attempts to limit this technology will be doomed to failure. 
Many Tay-Sachs—carrying parents will surely feel that it is their 
“God-given” right to have access to a technology that allowed 
earlier couples to have nonafflicted children, and just as surely, 
there will always be a clinic in some open state or country that 
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will accommodate their wishes. And if the technology is avail- 
able for this one purpose, it will also be available for others. 

It certainly does seem that embryo selection will be with us 
forever—whether we like it or not—as a powerful tool to be 
used by more and more parents to choose which of their genes 
to give to their children. But as we shall now see, the power of 
this tool pales in comparison to what becomes possible when 
people gain the ability to choose not only from among their 
own genes, but from any gene that one can imagine, whether 
or not it already exists. 
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And now nothing will be restrained from 

them, which they have imagined. 
—Genesis 11:6 

WHAT’S THE PURPOSE OF GENETIC ENGINEERING? 

At the crossroads where reproductive technology and genetic 

forecasting meet, stunning developments are taking place. 

Work is already under way to alter the DNA of pre-embryos 

with genetic defects. Using a glass needle thinner than a 

human hair, scientists at East Virginia Medical School in 

Norfolk withdrew a single cell from a pre-embryo (a fertil- 

ized egg) in a test tube and analyzed its DNA for the deadly 

Tay-Sachs disease. After altering the defective gene they 

implanted the pre-embryo in the mother’s uterus. Result: a 
healthy baby girl. 

Although this 1994 quote suggests otherwise, genetic engi- 
neering of human embryos has yet to occur (as of January 
1998). The journalist who wrote the article for Family Circle got 

266 
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it wrong. But you can’t blame her for the mistake. It certainly 
appeared as though genetic engineering had taken place. In 
actuality, though, the healthy baby girl resulted from embryo 
selection, not gene alteration. 

Embryo selection will almost always provide an. extremely 
effective method for preventing the appearance of serious ge- 
netic diseases—the kind that kill or incapacitate people before 
they reach their prime. The rationale for this supposition is 
simple: If two people are healthy enough to have reached a 
stage in their own lives at which they can contemplate becoming 
parents, then they must have the capacity to produce embryonic 
genomes that will provide offspring with at least the same 
potential. 

Selection alone will prevent the inheritance of genotypes 
that cause cystic fibrosis, Tay-Sachs, Huntington disease, sickle 
cell anemia, PKU, and hundreds of other metabolic diseases— 

as long as it is possible for parents to produce a nondiseased 
genotype. This will always be possible whenever one parent is 
disease-free. And even when both parents have a dominant dis- 
ease genotype with a mutation at the Huntington disease gene, 
for example, it is still possible to identify those embryos (25 
percent of the total) that have received a normal allele from 
both parents and will, therefore, be disease-free. Whenever there 

is a choice, embryo selection will be preferable to genetic engi- 
neering, which is both technically and ethically more problem- 
atic (for the time being). 

It is only when two parents both carry genotypes with two 
defective alleles of the same gene that embryo selection will not 
work. The disease genotypes we're talking about here can’t be 
any of those associated with the hundreds of metabolic disorders 
that always cut life short before adulthood is reached. But a 
small number of serious disorders have responded to medical 

treatments that can now extend the life spans of those affected 
into their third decade. In rare instances, two survivors of cystic 

fibrosis or sickle cell anemia, for example, may decide to marry 

and have children together. If so, all of their naturally produced 



268 & REMAKING EDEN 

embryos would be alike in carrying the same disease genotype 

present in both parents. Only genetic engineering could rescue 

their children. 
Much more commonly, two prospective parents will both 

carry alleles causing milder forms of disease that do not typically 
prevent people from reaching adulthood or having children. 
Diabetes, heart disease, obesity, myopia, asthma, a predisposi- 
tion to some cancers, and many other conditions that adversely 
affect the functioning of a human organ, tissue, or physiological 
system are examples. And preemptive cures for all could be 
achieved by genetic engineering. 

The severity of all conceivable diseases extends over a broad 

range from nearly inconsequential to life-threatening. The symp- 
toms of some—like mild myopia—can be eliminated entirely 
with proper treatment, such as prescription glasses. The symp- 
toms of others—like mild forms of obesity—may not be life- 
threatening but can affect a person’s quality of life. And others 
still—like heart disease—are associated with an increasing risk 

of death as a person grows older. 
There are some who believe that it will be possible to draw 

a moral boundary between acceptable and unacceptable uses of 
genetic engineering. For most who hold this point of view, cur- 
ing diseases is considered acceptable while attempts at “genetic 
enhancement” are not. But as we saw with embryo selection, it 
is impossible to draw a line in an objective manner. In every 
instance, genetic engineering will be used to add something to 
a child’s genome that didn’t exist in the genomes of either of its 
parents. Thus, in every case, genetic engineering will be genetic 
enhancement—whether it’s to give children something that 
other children receive naturally, or to give them something en- 
tirely new. It is for this reason that I will use the term “genetic 
enhancement” interchangeably with “genetic engineering” and 
“gene therapy.” 

Genetic enhancement has yet to be attempted on human 
embryos destined to be children, even though its application to 
mice and other mammals is now routine. What is it that stops 
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reprogeneticists from hurtling over this final biomedical frontier? 
Is it technological limitations, ethical concerns, or both? Let’s 

try to answer this question before we move on to the ways in 
which genetic enhancement might be used in the future, and 
how it might affect our species. 

THE TECHNOLOGY OF GENETIC ENHANCEMENT 

Genetic engineering of single-cell bacteria was first accom- 
plished in 1973 and is now a routine tool of the biotech indus- 
try. Foreign genes can be added by sprinkling DNA over a 
dishful of bacteria in a solution that causes little holes to appear 
and disappear rapidly along the cell surface. If the DNA is in 
the right place at the right time, it can pass through one of 
these holes and into the bacterial cytoplasm. This event will 
typically occur in only one cell out of many thousands. But 
scientists have devised simple methods for identifying and iso- 
lating the infrequent cells that have taken up the foreign DNA. 
As a consequence, the genetic engineering of bacteria is effective, 
efficient, and easy to accomplish. 

When it comes to multicellular organisms, like mice or hu- 

mans, the only way to make sure that every cell in a body 
receives the foreign gene is to transfer it in at the one-cell em- 
bryo stage. Sprinkling DNA onto 10,000 embryos with the hope 
of recovering the one that consumes it is not a practical method 
of genetic engineering. 

An alternative method was developed in 1980 by Professor 
Frank Ruddle and his student Jon Gordon working together at 
Yale University. They used a special microscopic needle con- 
taining foreign DNA to poke right through the membrane and 
cytoplasm of the one-cell mouse embryo, and into a pronucleus, 
where the foreign DNA was released. The added DNA became 
incorporated into one of the embryo’s chromosomes, and was 
copied faithfully through each cell division into every cell in 
the adult body, and passed on to the animal’s progeny. Ruddle 
and Gordon’s accomplishment demonstrated, for the first time, 
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that the genetic engineering of human embryos was no longer 
in the realm of science fiction. 

Animals that carry foreign genetic material placed by scien- 
tists into their genomes (or the genomes of their ancestors) are 
referred to as “transgenic,” and the foreign genes themselves are 
called “transgenes.” Within just a few years after Ruddle and 
Gordon’s report, transgenic technology had spread to labora- 
tories around the world, and the 1986 publication of a lab 
manual entitled Manipulation of the Mouse Embryo provided a 
step-by-step cookbook-like description of the protocols for all 
who wished to learn them. By 1997, hundreds of thousands of 

transgenic mice, pigs, cows, and sheep had been produced by 
embryo injection with a variety of foreign pieces of DNA. 

It might seem as though the currently available transgenic 
technology should provide a powerful tool for the genetic alter- 
ation of human embryos. So why aren’t reprogeneticists using 
it? You might assume that it’s ethical enlightenment that stops 
them. But ethical concerns have done nothing to stop the use 
of other reprogenetic practices like surrogacy. Instead, the real 
reason is more mundane. It is because of technical problems 
that don’t bother animal embryologists very much, but would 
be unacceptable to potential human clients. 

First, of all the embryos injected with foreign DNA, less 
than half actually incorporate the DNA into their chromosomes. 
If a DNA fragment is not incorporated into a chromosome, it 
is not copied properly and disappears early during embryonic 
development. By itself, this low’ rate of success would be unac- 
ceptable to most potential parents, but there’s a second problem 
that’s even more severe. 

LOI mmais Uncluding 
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transgene inserts itself into these nonfunctional DNA regions, 
no harm is done. But 5 percent of the cell’s DNA is associated 
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with genes, and when a piece of foreign DNA inserts itself into 
the middle of a gene, it destroys the ability of that gene to 
function. Thus, 5 percent of all transgenic mice carry a new 
mutation in a random gene. With humans, a risk factor at this 

level is unacceptable for any treatment of embryos that are des- 
tined to become children. . 

In the near future, a new method of genetic engineering 
will be perfected that eliminates the problem of gene disruption. 
Instead of injecting naked genes into embryonic nuclei, future 
reprogeneticists will gently put in whole chromosomes that 
“mind their own business.” These “artificial chromosomes” will 
be constructed in the laboratory with components that ensure 
their faithful duplication and passage into the pair of cells that 
forms with every cell division in the developing embryo and 
fetus. A critical advantage of artificial chromosomes is that they 
provide a means for adding not just one gene to an embryo, 
but a “gene-pack” containing hundreds, even thousands, of new 
genes with many different properties. 

There will, however, still be a problem with quality control: 
It's always possible that the chromosome will be damaged upon 
injection or that the embryo will reject it. But there’s a simple 
solution and, like so many other technical advances in reproge- 
netics, it is achieved by bypassing the problem rather than solv- 
ing it directly. Instead of improving the technique, all one has 
to do is identify and use just those embryos that have been 
modified successfully. Reprogeneticists could start out by in- 
jecting the artificial chromosome into a dozen or more fertilized 
eggs, and then allowing them to develop to the eight-cell stage. 
At this point, one cell from each embryo would be removed for 
genetic testing to determine whether the new chromosome was 
present and undamaged. Only properly modified embryos 
would be chosen for introduction into the mother’s womb. 

One limitation of the transgenic technology (as it is now 
practiced) is that it only provides a means for adding genes to 
the genome, and not for altering genes that are already there. 
In many instances, though, the goal of reprogeneticists will be 
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to eliminate the expression of a wayward gene and replace it 
with a normal one. An example of this is sickle cell disease, 

which is caused by the production of mutant hemoglobin pro- 

teins inside red blood cells. The most obvious way to cure this 
disease—in embryos produced with gametes from two sickle 
cell parents—is to replace the gene coding for the mutant pro- 
teins with a gene that codes for normal proteins. This goal 
cannot be accomplished by just injecting a normal gene (be- 
cause the mutant proteins would still be made). 

Gene replacement has already been achieved in animals with 
a rather different approach from the transgenic protocol de- 
scribed above. For human applications, the entire protocol 
would work as follows. First, an embryo obtained by IVF would 
be grown under laboratory conditions into a mass of millions 
of embryonic-like ES cells. Second, a DNA fragment that con- 

tained a replacement version of a particular human gene would 
be sprinkled onto the ES cells under conditions that allowed 
fleeting holes to open up in the cell membranes. As a result, 
the added DNA could enter a cell’s cytoplasm and pass through 
to the nucleus, where it could then kick out and replace the 
original version of the same gene within the cell’s chromosome. 

Believe it or not, this entire sequence of events can actually 

occur. But, as you might imagine, it is exceedingly rare, with 
success achieved in only one in a million cells exposed to the 
DNA. Fortunately, reprogeneticists have devised methods for 
easily detecting that one cell in a million, which is the third 
step in the process. The properly altered cell can be picked out 
of the original dish and transferred by itself to a new dish where 
it would be allowed to grow and divide once again. Finally, 
individual cells on the new dish could be fused with nuclear- 
free unfertilized eggs to produce an unlimited number of em- 
yous that _ carry the same sone ote G 
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But even as I write these words, experimental reprogeneti- 
cists are developing a simpler method of gene replacement tech- 
nology that works around the problem—once again—rather 
than addressing it directly. This new approach is called “anti- 
gene therapy,” and it is based on the use of transgenes that act 
to nullify the action of other specific genes. Based on this ap- 
proach, an anti-sickle-cell gene and a normal hemoglobin re- 
placement gene could both be added together—as a gene- 
pack—into an embryo with a sickle cell disease genotype. The 
anti-gene would prevent the production of sickle cell protein 
while the normal transgene would make normal protein to take 
its place. The child that emerged from this embryo would be 
completely healthy even though he would still carry two defec- 
tive sickle cell alleles (that are now silenced). 

Which approach to genetic engineering will end up as the 
method of choice for future prospective parents? At this point, 
a combination of cloning, nuclear transfer, and artificial chro- 

mosomes with packs of genes and anti-genes seems most prom- 
ising. However, based on the history of rapid advances in this 
field, I wouldn't be surprised if new and improved methods for 

genetic engineering are devised in the future that completely 
supersede the methods in practice (with animals) today. No 
matter what technique, or techniques, are ultimately used, ge- 

netic engineering of human embryos is sure to become feasible, 
safe, and efficient by the middle of the twenty-first century. 
When that happens, we will come face to face with the ultimate 
frontier in medicine and philosophy—the power to change the 

nature of humankind. 

TREADING IN GOD’S DOMAIN 

Genetic engineering has been attacked on many of the same 

grounds used to attack embryo selection. We hear that it’s a 

dangerous idea with “eugenic potential,” and that its use will 

be an assault on the freedom and dignity of human beings. 
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We're warned that it could harm the gene pool, and impose 

choices of prior generations on distant offspring. We're informed 

that it’s an improper use of medicine, and an unfair drain on 
societal resources. We are told that it will discriminate against 

the disabled and be unfair to those who can’t afford it. And 
we're advised that it will only be used by heartless parents 

who will treat their children like commodities to be purchased 

and used. 
As is so often the case with new reproductive technologies, 

the real objection lies in the realm of spirituality, not science. 

Simply stated, there is a commonly held sense that genetic engi- 
neering crosses the line into God’s domain. And as we have all 

been taught, it is wrong to tread in God’s domain. 

Throughout history and in nearly every culture, cautionary 

tales have emerged with the same theme. Adam and Eve ate 

the forbidden fruit and were banished from the Garden of Eden; 

the builders of the Tower of Babel came too close to heaven 
and suddenly spoke in different tongues; Prometheus stole fire 
from Zeus (the supreme Greek god) to give to man and was 

chained to a rock for the rest of his life with his immortal liver 

eaten daily by an eagle; Pandora’s curiosity unleashed all the 
evils from her opened box onto humankind; and Dr. Franken- 

stein died at the hands of his human creation. Time and again, 
we are warned of places we should not go, and things we should 
not do. And while the names may change, the message is still 
the same. Today, many in the modern secular world believe it 

is wrong to mess with “Mother Nature,” an updated feminine 
personification of God himself. 

As one might expect from the inability of human beings to 

reach agreement on the meaning of God and his relation to 
humankind, the line between the domain of man and the do- 
main of God has been drawn at different places by different 
people. Today, the most expansive view is promoted by groups 
like the Christian Scientists, who reject all forms of medical 
treatment for disease. The entire human body is within God’s 



The Designer Child @ 275 

domain, they feel, and not to be touched by mortal men of 
medicine. 

A less expansive view is espoused by the Catholic church, 
which generally accepts the use of medicine to cure disease but 
rejects all forms of noncoital reproduction, as well as. birth con- 
trol. So while the human body may lie on the outside of God’s 
domain, the entire process of reproduction is on the inside. 

For most people in modern Western society, God’s domain 
has been reduced to a much smaller size, owing in large part to 
knowledge and use of both birth control and currently available 
reprogenetic technologies. By 1994, fully 75 percent of all 
Americans accepted the use of IVF as a treatment for infertility. 
This sets a boundary that extends no further out than the sur- 
face of the fertilized egg itself. And for the most part, those who 
approve of IVF also accept the use of ancillary technologies, 
like the injection of testis-derived nuclei into the egg cytoplasm. 
The acceptance of this last practice, in particular, reduces the 
domain of God even further down to the surface of the DNA- 
containing nuclei floating serenely within the egg cytoplasm. 

You can see the problem we are running into. If we allow 
the possibility that “man’s domain” extends into the nu- 
cleus—into the DNA itself—then by this line of reasoning, 
God’s domain vanishes into . . . nothingness. This frightening 
notion compels some people to draw a final line—a veritable 
last stand—around the genetic material. Indeed, 45 percent 
of Americans reject all uses of genetic engineering even when 
it is needed to cure a serious disease, and 85 percent reject 
its use for any purpose other than a disease cure. The British 
public is even more wary of the technology with 89 percent 
rejecting its use “to improve intelligence,” and 95 percent 
rejecting its use to achieve “good looks.” 

While almost half of all Americans reject the use of genetic 
engineering to cure disease, it goes without saying that nearly 
all (except Christian Scientists) would accept the use of medical 
treatment—not directed at genes—to obtain the same result. 
And four to five times as many British respondents thought it 
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would be appropriate to use something like “vitamins,” rather 

than genetic engineering, to increase intelligence or good looks. 

Of course, nearly everyone would accept the use of orthodontics 
to straighten teeth, rhinoplasty to straighten noses, and good 
nutrition and education to enhance intelligence. 

Although all other intrusions into the body may work 
around the edges, genetic engineering, it seems, impinges on 
the essence of life itself—the soul. And the soul is clearly in 
God’s domain. The sociologists Dorothy Nelkin and Susan 
Lindee describe it well: 

“Just as the Christian soul has provided an archetypal concept 

through which to understand the person and the continuity of 

self, so DNA appears in popular culture as a soul-like entity, 

a holy and immortal relic, a forbidden territory. The similarity 

between the powers of DNA and those of the Christian soul, 

we suggest, is more than linguistic or metaphorical. DNA has 

taken on the social and cultural functions of the soul. It is the 

essential entity—the location of the true self—in the narratives 

of biological determinism.” 

There is a serious flaw in the apparently logical progression 
that leads people down, step by step, to the idea that the essence 

of human life is contained within the genetic material. The flaw 
is caused by the inability to separate the two very different mean- 
ings of the word life described at the beginning of this book—at 
the level of the individual cell and at the level of consciousness. 
DNA may very well represent the essence of a cell’s life. But human 
life—in the special meaning of the term—does not exist in the 
single-cell embryo or in any single neuron. Human life emerges 
only at a higher level, when the trillions of cells in the brain all 
function together. The essence of human life lies within the human 
mind, not within inert molecules of DNA. Whether the human 

mind should be viewed as part of God’s domain is, for the time 
being, a question of faith, not science. 
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Although human essence does not lie within DNA, some 
future applications of genetic engineering could powerfully af- 
fect the essence of those people who emerge with modified 
genes. We know this is true from the effects that genetic modi- 
fications of the past have had. Five million years ago, embryos 
indistinguishable from those that gave rise to you and me, with 
genomes 99 percent the same as ours, produced hairy apes that 
had no human essence at all. A genetic modification of just 1 
percent was all it took to create minds with the ability to con- 
template their own consciousness, minds with the ability to 
contemplate further genetic modifications that could enhance 
the minds of future human beings. 

Human essence came into existence simply because those 
with it could out-compete and kill those without it. But if 
human minds have the ability to contemplate and direct changes 
in the copies of their own genomes that they give to future 
generations, the human mind is much more than the genes that 
brought it into existence. While selfish genes do, indeed, control 
all other forms of life, master and slave have switched positions 

in human beings, who now have the power not only to control 
but to create new genes for themselves. 

Why not seize this power? Why not control what has been 
left to chance in the past? Indeed, we control all other aspects 

of our children’s lives and identities through powerful social and 
environmental influences and, in some cases, with the use of pow- 

erful drugs like Ritalin or Prozac. On what basis can we reject 
positive genetic influences on a person’s essence when we accept 

the rights of parents to benefit their children in every other way? 
The effects of these technologies seem beneficial in the here and 
now; it is the future consequences that are worrisome. 

THE FUTURE 

Genetic engineering will eventually be used by future reproge- 

neticists. It will begin in a way that is most ethically acceptable 
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to the largest portion of society, with the treatment of only 

those childhood diseases—like sickle cell anemia or cystic fi- 

brosis—that have a severe impact on quality of life. The number . 

Of parents who will desire this service will be tiny, but their 

experience will help to ease society’s trepidation. 
As the fear begins to subside, reprogeneticists will expand 

their services to nullify mutations that have a less severe impact 
on a child, or an impact delayed until adulthood. Predisposi- 
tions to obesity, diabetes, heart_disease, asthma, and various 

forms of cancer all fall into this category. And as the technology 
spreads, its range will be extended to the addition of new genes 
that serve as genetic inoculations against various infectious 
agents, including the HIV virus that causes AIDS. At the same 

time, other genes will be added to improve various health char- 

acteristics and disease-resistance_in children who would not 
otherwise have been born with any particular problem. 

The final frontier will be the mind and the senses. Alcohol 
addiction will be eliminated, along with tendencies toward men- 
tal disease and antisocial behavior like extreme aggression. Vis- 

ual and auditory acuity will be enhanced in some to improve 
artistic potential. And when our understanding of the genetic 
input into brain development has advanced, reprogeneticists will 
provide parents with the option of enhancing various cognitive 
attributes as well. 

Is there a limit to what can be accomplished with genetic 
enhancements? Are there certain attributes that we will never 
be able to incorporate into human descendants? Perhaps. There 
are many experts in genetics and reproduction today who use 
the word impossible to assert limits to future knowledge and 
technology in this area. But, as the physicist and futurist Free- 
man Dyson says in this regard, “The human species has a deeply 
ingrained tendency to prove the experts wrong.” 

One way to identify types of human enhancements that lie 
in the realm of possibility—no matter how outlandish they may 
seem today—is through their existence in other living creatures. 
If something has evolved elsewhere, then it is possible for us to 

> 
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determine its genetic basis and transfer it into the human ge- 
nome. Relatively simple animal attributes that fall into this cate- 
gory include the ability to see into the ultraviolet range or the 
infrared range—which would greatly enhance a person's night 
vision. Other possibilities include light-emitting organs (from 
fireflies and fish), generators of electricity (from eels), and mag- 
netic detection systems (from birds). More sophisticated animal 
attributes include the ability to distinguish and interpret thou- 
sands of different airborne molecules present at incredibly low 
levels (through the enhanced sense of smell available to dogs 
and other mammals), and the ability to generate and sense re- 

flected high frequency sound waves to “see” objects in complete 
darkness through a biological sonar system (by bats). 

Another possible sensory enhancement is four-color vision. 
Normal people are able to see three colors—red, blue, and 
green—but some people (and most animal species) are born 
color blind, with the ability to see only two colors, or just one. 

People with one-color vision see the world as if they are watch- 
ing a black-and-white television, perhaps tinted in one color or 
another. In one version of a two-color world, some color-blind 

people see only shades of blue and red, without any greens or 
yellows. Now imagine what would happen if a person who was 
color blind from birth was suddenly able to see all three colors. 
It would probably be akin to an hallucinogenic experience. 
That’s the only way to imagine what a four-color world might 
look like from a three-color perspective. 

And then there is radiotelepathy, the term used and defined 
by Freeman Dyson to describe the ability of a person, or crea- 
ture, to send and receive information as radio waves. Radio 

waves and visible light are both forms of radiation occupying 
different zones within the electromagnetic spectrum; the only 
distinction between the two is the range of energies carried 
within the individual photons of which each is composed. What 
our eyes detect as differences in color are simply photons with 
slightly different energies, which correspond to different fre- 
quencies. There is no inherent biological barrier to the develop- 
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ment of a sensory organ that could distinguish different radio 
frequencies instead of light frequencies. And it seems reasonable 
to assume that a neurological structure could be developed that 
was dedicated to the interpretation of information in the form 
of radio amplitude and frequency modulations—the basis for 
AM and FM radio broadcasts, respectively—just as the auditory 
cortex within our own brains allows us to interpret modulations 
in sound—which we hear as language and music. More prob- 
lematic, perhaps, is the development of a biological organ that 
could emit modulated radio waves. But even this could be imag- 
ined as a sophisticated enhancement of the light-producing sys- 
tems used by fireflies and deep water fish. 

In the short term, though, most genetic enhancements will 
surely be much more mundane. They will provide little fixes to 
all of the naturally occurring genetic defects that shorten the 
lives of so many people. They will enrich physical and cognitive 
attributes in small ways. And as the years go by over the next 
two centuries, the number and variety of possible genetic exten- 
sions to the basic human genome will rise exponentially—like 
the additions to computer operating systems that occurred dur- 
ing the 1980s and 90s. Extensions that were once unimaginable 
will become indispensable . . . to those parents who are able 
to afford them. 



Epilogue 
Human Destiny? 

| am Alpha and Omega, the beginning and 
the end, the first and the last. 

—REVELATION 22:13 

DATELINE WASHINGTON, D.C.: 

MAY 15, 2350 

The commission of leading academics—established by Dr. Al- 
bert Varship six months earlier—had come to Washington, in 
secrecy, to present their final report. One representative from 
each of the relevant fields—the reprogeneticist, the evolutionary 
biologist, the demographer, the sociologist, and the psycholo- 
gist—sat around the table in the conference room at the Depart- 
ment of Health and Human Services. One by one, they took 

tums presenting a portion of the report to the HHS Secretary. 
Their findings were grim; their predictions were surreal. Yet, 

Dr. Varship could find no flaw in their logic, no reason to 
challenge the central conclusion in their final joint summary 

281 
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statement: “If the accumulation of genetic knowledge and ad- 

vances in genetic enhancement technology continue at the pres- 
ent rate, then by the en : Ri 

and with as much romantic interest in each 
other as a current human would have for a chimpanzee.” 

The presentation took just over two hours. Throughout, Dr. 
Varship sat in silence. It was too horrific to comprehend. Unbe- 
lievable, and yet, entirely predictable. Indeed, predicted long, 
long ago. 

Dr. Varship’s mind wandered back to his teenage years, 
when he had been an avid reader of science fiction, including 

stories written by one of the fathers of the field—H. G. Wells— 
at the end of the nineteenth century. So much of what Wells 
had prophesied—television, intercontinental air travel, space 
stations, motion pictures, air-conditioned cities, and much 

more—had become real early on. And now this as well—‘the 
splitting of the human species.” Wells had written, “the gradual 
widening of the present merely temporary and social difference 
between the Capitalist and the Laborer was the key to the whole 
position,” in the antiquated political language of that era. Now 
it was all coming true. 

The only thing that Wells got wrong was how long it would 
take. Space travel to other worlds was one thing, but the notion 
that humans might someday be able to manipulate their own 
genes was clearly too ludicrous to consider during the first half 

of the twentieth century, even by visionaries like Wells, Verne, 
Huxley, and Asimov. And yet here we were on the cusp of an 
incredible evolutionary event. Not in the way Wells had imag- 
ined—as the result of natural evolution, 800,000 years hence— 
but in less than a mi s a result of self-evolution. 

It had —— since genetic enhancement 

began in earnest. During that time, rele generations of Ge 
Rich indica had lived and reproduced. With each genera- 
tion, it became possible to start with an already-enhanced 
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genome that could be enhanced even further. And with each 
generation, an increase in biomedical understanding and genetic 
technology allowed reprogeneticists to make ever more complex 
enhancements, with hundreds, sometimes thousands, of added 

genes. 
Although the initial focus was on 

health, it shifted quickly to ——-_ ee 
Sieeiseeen In these areas, different 
enhancements were chosen for different GenRich children. But 
these differences sat on top of an ever-expanding genetically 
enhanced framework that was shared by all members of the 
GenRich class. 

Varship was frightened by what he heard, and searched for 

as they were popularly known—were spread across Nort 
America. They were all run as private enterprises without any 
government assistance. Indeed, long-existing laws prohibited the 
use of federal funds for what was euphemistically called “re- 
search” on human embryos. Elected officials and GE executives 
both found this prohibition convenient for political cover, and 
it provided the basis for the “hands-off approach that the gov- 
ernment had consistently taken toward GE. It was for this rea- 
son that Varship had formed his commission in secrecy. But 
now that their final report was in his hands, what could he do 
with it? 

The problem was that GE represented a multi-billion-dollar 
industry that served not only American citizens, but many for- 

eigners as well. Indeed, the American GE industry benefited 
enormously from restrictive laws that limited its practice in 
many other countries, and as a consequence, this single industry 
had a major impact on reducing the balance of trade on the 
side favorable to the American economy. Not surprisingly, poli- 
ticians and their supporters from the business community were 
loath to go anywhere near it. Of course, over the years, common 
citizens had occasionally expressed their concern about the 
long-term societal impact of GE. Rights to privacy; individual 



liberties: the folly of governmental intrusion into the free mar- 
Ket—these were the talking points that politicians focused on 
im response to such concerns. 

Varship and all of the presenters in the room with him 
that morning were themselves GenRich. If they had been born 

“atherwise, would never have attained the positions they 
held. All members of Congress, all entrepreneurs, all other pro- 
fessionals, all atheletes, all artists, and all entertainers were 
members of the GenRich class. There was no longer any way 
that even the most talented Natural could advance into any of 
these realms. 

What could be done? What was possible? Put a stop to the 
whole thing, there and then? Outlaw the practice of Genetic 
Enhancement? There would be an outcry from all the GenRich. 
A Congress filled with GenRich legislators would never allow it 
to happen. And even if it did come to pass, in the end, it would 
make no difference. Sure, it might slow things down in the 
short term—perhaps a few months—but GE centers would sim- 
ply move to off-shore islands, and to underdeveloped countries 
eager for added tax revenue. The prospective GenRich parents 
would all follow them abroad. 

lf legal restrictions erected in one country or another were 
useless, was there another way to stop the practice of GE? 
Varship considered the moral argument. Perhaps he could con- 
vince the President—who underneath his tough political skin 
showed twinges of humanity—to bring his enormous influence 
to bear on the problem and preach the sins of GE. Perhaps a 
campaign could be undertaken to explain to all GenRich people 
the fnghtening moral consequences of GE for humanity as a 
whole. 

Unconsciously, Varship shook his head -as he realized the 
elimination of GE was hopeless. All prospective parents wanted 
to provide their children with the greatest possible advantages 
in life. It had been that way for hundreds of thousands of years. 
How could you convince parents to forsake this instinctive per- 
sonal desire for the good of society? Each individual parent 
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would say, “The genetic enhancement of just my child has no 
impact on society at all. Why is it immoral for me to want the 
best for my children? I’m not harming anyone else by my 
actions.” 

So much had changed, and so much would have to change 
again to get back to the way things once were (if ever they 
really were so). The gap between the GenRich and Naturals lay 
not just in genes, but in every other aspect of their lives and 
communities and, most important, in their monetary resources. 

Stopping the practice of GE cold, at this point in history, would 
not bring the classes back together again. 

If there was no way that GE could be halted, was there a 
way to stop it from breaking humankind into two? Varship 
imagined a utopian society in which GE was freely available to 
all, and where all Naturals were raised to the level of the Gen- 

Rich. It brought a moment’s smile to his face, but just a moment 

and not more. Santa Claus existed only in the minds of children, 

and there was no way a society could afford to provide this 
expensive service to all of its citizens, even if it wanted to. 

Where had we gone wrong? Was there any time in the past 
when a different course might have been pursued? Varship was 
well-versed in the early history of GE. The original practitioners 
drew a moral line between preventing disease and enhancing 
characteristics. How could anyone argue against preventing 

childhood disease? But it soon became clear that the moral line 
was an imaginary one. It was all genetic enhancement. It was 
all done to provide a child with an advantage of one kind or 
another that she would not have had otherwise. And what was 
wrong with that? What was wrong with helping children to live 

better lives? 
The history books made it c that early twenty-first- 

century scientists had 
Even as scientific understanding and technology continued 

to explode exponentially around them, they continued to as- 
sume that the future would be the same as the present, and 
that complex physical and cognitive traits would always be be- 
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yond reach. With a shock that opened his eyes wide, Varship 

realized that most present-day scientists had the same mental 

block as their predecessors. 
It was late, by Varship’s reckoning. Too late to do anything 

at all, he concluded helplessly. We were on a journey into a 

rapidly evolving future that no man, no woman, could stop. 
And where it might lead, no one could tell. 

DATELINE THE MILKY WAY: JUNE 1, 2997 

Just as Dr. Varship had suspected 647 years earlier, his scientific 
colleagues had been woefully conservative in their predictions 
of where GE would lead humankind. It was all because they had 
failed to appreciate the power of exponential advancement—not 
just in technology but in the essence of the human species itself. 

Even simple cumulative processes had a way of taking early 
scientists by surprise. By the end of the nineteenth century, 
evolutionary biologists knew that their species could trace its 
ancestry back along a direct line to an apelike mother who had 
lived 5 million years earlier, and whose children had gone on 
to generate both human beings and chimpanzees. Nowhere 
along those lines of a million generations did any child appear 
to be very different from its parents. And yet at the beginning 
there was an ape; at the end of one line, there was a human 

being. 
Spectacular changes occurred even more rapidly when early 

humans consciously intervened in the cumulative process. 
Within a hundred generations, they took individuals from a 
single species of gray wolves and bred them down different 
pathways into French poodles and Saint Bernards, into hounds 
and sheep herders, and into so many other breeds that look 
and behave so differently it’s hard to believe they are all distant 
cousins of one another. 

All of this was known by the end of the twentieth century. 
Furthermore, significant progress had already been made, at that 
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time, in the major scientific areas that together formed the basis 
for GE. Scientists were well on their way toward an understand- 
ing of how each gene in the human genome functioned. Genetic 
engineering had already been accomplished with other mamma- 
lian species. A prototype of the artificial human chromosome 
had already been invented. Surely, those who watched these 
advances take place must have realized where it would all lead. 
How could the biologists themselves be so blind as to not un- 
derstand that changes in their own species—predetermined at 
every step—would occur even more rapidly than the random 
changes imposed on domesticated animals and plants by ear- 
lier people? 

But instead, conservative naysaying scientists ruled the day. 
Yes, the biologists admitted, we will soon identify every human 
gene. But, we'll never truly understand how all these genes inter- 
act with one another during the development of a human life. 
Aithough the human genome provides a blueprint, the blueprint 
is indirect and impossible to read in any context other than the 
developing human embryo and fetus. This is because each one 
of the billions of cells in the fetus acts as its own little computer 
in interpreting the genetic instructions present in its DNA in 

the context of its own little microenvironment. As a conse- 
quence, the biologists said, it would be impossible for even the 
most powerful computer to simulate the development of a 
human being starting with just the information present in a 
one-cell embryo. And because of this, they went on, big changes 
to the human genome would never be attempted since reproge- 
neticists would have no way of knowing ahead of time how these 
changes would really affect the child who was born with them. 

But these late twentieth-century scientists made the same 
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sibilities not only became possible but were accom- 

plished while the early naysayers were still alive. 
It is hard to believe they couldn’t see that not only would 

all genetic interactions be uncovered, but that computers would 

become powerful enough to simulate the effects of any imagined 
genetic alteration or addition to the genome. (Now, of course, 

no GE engineer would ever dream of adding a new gene-pack 

to an embryo without first testing its effects by computer 

simulation.) 
In the twenty-fourth century, Dr. Varship’s commission pre- 

dicted that humans would diverge into just two species—the 

GenRich and the Naturals. Naturals had the standard set of 46 
chromosomes that long defined the human species, while the 
GenRich alive at that time had an extra pair specially designed 

to receive additional gene-packs at each new generation. With 
48 chromosomes and thousands of additional genes, the Gen- 

Rich were, indeed, on their way to diverging apart from the 
Naturals. 

But what twenty-fourth-century reprogeneticists failed to see 
was the looming consolidation and competition within the GE 

industry, and the impact of the earth’s population explosion. 
Until the end of the twenty-fourth century, reprogeneticists had 
agreed to use the same special chromosome as the platform for 

all their enhancements. But in the twenty-fifth century, every- 
thing changed. Independent GE centers around the world were 

bought up by one of the three giants—Microgene, Unigene, and 
Macingene. Soon thereafter, in the heat of intense competition, 
each corporation began to modify the chromosomes offered to 
their clients in different, incompatible ways. As a result, Gen- 

Rich families enhanced at Microgene-owned clinics began to 
diverge from those enhanced at Macingene-owned clinics, and 
both began to diverge from those enhanced at Unigene-owned 
clinics. 
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& that was just the beginning. | : : 
In the twenty-sixth century, overcrowding on earth had re- 

duced the quality of life so much that many GenRich parents 
decided to give their children special genetic gifts to help them 
survive on worlds that were inhospitable to the unenhanced. 
The development of these new gene-packs was based partially 
on genetic information obtained from various creatures living 
under extreme conditions on earth—including giant clams, tube 
worms, and microscopic bacteria that thrive in scalding hot 
sulfurous water around volcanic vents on the ocean floor, far 

removed from light and free oxygen; and other creatures that 
use a biological form of antifreeze to thrive around Antarctica. 
In addition, GE engineers had achieved human symbiosis with 
plants through the successful incorporation | meguencices 
i ead Not only could symbiotic ans receive 
ene y from the sun, but they were now able to self- 
produce some of their own oxygen from water and carbon diox- 
ide, just like plants. 

The new era of exploration began with se 
edge of the ice-covered northern polar cap he lung- 
modified thick-skinned dark green human descendants that 
began their lives on the fourth planet from the sun barely resem- 
bled the primitive Naturals still roaming the third planet Earth. 
Of course, these green people had made sure to arrive with a 
variety of specially engineered animal-plant creatures that were 
also uniquely adapted to their new world. Some were used for 
food, others as pets, and others still were designed to extract 
large quantities of oxygen from the frozen water (using sunlight 
as an energy source) for the maintenance of optimal living con- 

ditions within enormous bubble-enclosed biospheres. 

As Earth’s population continued to expand, other types of 
enhanced GenRich groups moved to other planets, moons, and 
asteroids in the original solar system, where they used GE to 

further enhance the ability of their own children to survive on 

their chosen worlds. As the first artificial chromosome pair 

nts at the 
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reached capacity, additional chromosome pairs of different t 

were added into subsequent generations. 

that varied from forty-six in Naturals to fifty-four in the most 
enhanced GenRich individuals. 

It was a long-sought-after genetic enhancement—finally per- 
fected in the twenty-seventh century—that made it possible to 
even think about traveling to other solar systems. This was the 
gene-pack—designed by Macingene—that slowed the aging 
process down to a crawl. Children born with the AGEBUSTER 
gene-pack would live for hundreds of years, perhaps longer, 

with minds and bodies intact. Like young explorers throughout 
all the centuries of human existence before the twentieth, they 

said good-bye to their families knowing they would never see 
them again, and boarded enormous citylike nuclear-powered 
spaceships to travel to inviting planets discovered by astrono- 
mers in nearby solar systems. 

And now here we sit in the year 2997 and ponder the 
future. Ongoing enhancements in the AGEBUSTER gene-pack 
and the technology of space travel are certain to expand the 
reach of human life across our galaxy, and perhaps beyond. 
With this expansion, far-flung communities will begin to lose 
contact with one another. Indeed, many will lose cultural mem- 
ory of their species origin on the third planet in a nondescript 
solar system lost among the billions in the Milky Way. Eventu- 
ally, the descendants of humankind will travel through millions 
of centuries, explore millions of worlds, and diverge into mil- 
lions of different species with little resemblance to the humans 

of the twentieth century . . . as they recapitulate the many paths 
followed by that very first cell—the mother of all living things— 
on the planet Earth, so long ago. 
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DATELINE THE UNIVERSE: ???? 

The most incredible thing about the original human genome 
was that it provided human beings with a human consciousness 
able to imagine all of the things described in this book. The 
journey from three billion bases of genetic information to 
human consciousness was long and contorted, but no scientist 
from the time of Watson and Crick onward could sincerely 
doubt that the journey was indeed made during the develop- 
ment of each human being. 

The second most incredible thing about the human genome 
was how readily it revealed its secrets to humankind. The big- 
gest secret, of course, was the precise genetic pathway that led 
to consciousness and intelligence. There were those who 
thought that “intelligence genes” would be found by looking for 
differences in the genomes of so-called smart and dumb people, 
but this approach was hindered by strong interference from 
environmental influences. Others thought that answers would 
come only from a deep understanding of how the brain was 
wired. But twenty-first-century neuroscientists had neither the 
tools, nor the mental abilities, to map out or comprehend the 

trillions and trillions of connections that existed among neurons. 
In the end, the breakthrough came from an entirely different 
direction—through a look at our own evolution. 

To appreciate the evolutionary approach, it is useful to con- 
sider the way in which geneticists generally discovered the root 
causes of things. The genetic basis for sickle cell anemia was 
not determined by looking at diseased people alone, it was un- 
covered by searching for the difference between a diseased per- 

son and a healthy one. And in the same way, the genetic basis 

for human consciousness and intelligence was not discovered 

by comparing humans to one another, but by comparing the 

shared human genome to that of their nearest living relative— 

the chimpanzee. 
Incredibly, to the scientists who first took a look, the ge- 

nome of the chimpanzee was virtually identical to the genome 
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of a human being. In retrospect, this shouldn’t have been sur- 
prising since the two species were only five million years apart. 
Yet the human genome gave rise to human consciousness, while 
the chimp genome gave rise to a primitive form of subhuman 
consciousness. Clearly, the genetic basis for the greatly en- 
hanced consciousness and intelligence of human beings had to 
be found among the small number of significant differences that 
existed between the two genomes. 

By the end of the twenty-second century, all of the genetic 
enhancements that were required (in theory) to provide a chimp 
with a human mind had been identified, even though it took 

longer to really understand what a human mind was all about. 
In the view of some, it was God’s gene-pack that had been 
uncovered. But to reprogeneticists, it was just a marvelous tool. 

was a critical turning point in the evolution of life in the 
universe. For when the first generation of cognition-enhanced 
GenRich matured, they produced among themselves scientists 
who greatly outshone geniuses from all previous epochs. And 
these scientists made huge advances in further understanding 
the human mind, and they created more sophisticated reproge- 
netic technologies, which they then used to enhance cognition 
even further in the GenRich of the next generation. In each 
generation hence, there were’ quantum leaps of this kind. 
Throughout it all, there were those who said we couldn't go 
any further, that there were limits to mental capacity and tech- 
nological advances. But those prophesied limits were swept 
aside, one after another, as intelligence, knowledge, and techno- 

logical power continued to rise. 
A special point has now been reached in the distant future. 

And in this era, there exists a special group of mental beings. 
Although these beings can trace their ancestry back directly to 
homo sapiens, they are as different from humans as humans are 
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from the primitive worms with tiny brains that first crawled 
along the earth’s surface. It took 600 million years for those 
worms to evolve into human beings. It has taken far less time 
for humans to self-evolve into the mental beings that now exist. 

It is difficult to find the words to describe the enhanced 
attributes of these special people. “Intelligence” does not do 
justice to their cognitive abilities. “Knowledge” does not explain 
the depth of their understanding of both the universe and their 
own consciousness. “Power” is not. strong enough to describe 
the control they have over technologies that can be used to 
shape the universe in which they live. 

These beings have dedicated their long lives to answering 
three deceptively simple questions that have been asked in every 
self-conscious generation of the past. 

“Where did the universe come from?” 
“Why is there something rather than nothing?” 
“What is the meaning of conscious existence?” 
Now, as the answers are upon them, they find themselves 

coming face to face with their creator. What do they see? Is it 
something that twentieth-century humans can’t possibly fathom 
in their wildest imaginations? Or is it simply their own image 

in the mirror, as they reflect themselves back to the beginning 

etime 52 
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In the months since Remaking Eden was first published, some 
colleagues and readers have sought me out to say they were 
confused as to where I stood on the political issues surrounding 
the use of reprogenetics. Was | a libertarian or a communitar- 
ian? Did I believe in the free market or socialism? My response 
is that these are not the questions that informed my writing. 
Being a scientist, by temperament as well as profession, I am 

more interested in explaining things as they are—or as I think 
they will become—than in imagining a utopian future that 
seems to me based on wishful thinking. My goal has been to 
present both the scientific and the political realities of reproge- 
netic technologies as I see them, along with the ethical dilemmas 

their use will raise. 1 leave it to philosophers and bioethicists 

to figure out how these ethical dilemmas might be resolved. 
No one can question the political dominance of market 

economies in the world today. And even those most committed 

to ideals of social justice find it hard to imagine a future time 
when all people on earth will have equal access to goods and 
services. Indeed, no matter how idealistic they are, many people 

294 
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still provide their own children with advantages far beyond those 
available to most of the world’s children. It is this fundamental 
observation that leads me to believe that reprogenetic goods and 
services will also be unevenly distributed between upper and 
lower economic classes, although where the line will be drawn 
is impossible to say. Life is already unfair to children below the 
line; reprogenetics could make it more so. 

Of course, those who think they can predict the future—in 
either politics or science—are extremely naive. No matter how 
unlikely it seems today, it is possible that a true worldwide 
utopian society could emerge someday to provide reprogenetic 

benefits to all children. It would be difficult to accomplish; first, 

it would be necessary to eliminate all poverty, resolve all forms 
of ethnic conflict, and overcome all religious objections to ge- 
netic selection and manipulation of human embryos. But as the 
miraculous political and scientific events of the last twenty years 
tell us, one should never say never in either domain. 

Remaking Eden is fundamentally a book about imagined fu- 

tures. Although all science-based future stories are, by defini- 
tion, science fiction, none of my imagined futures has been 
pulled out of thin air. In each case 1 have simply assumed that 
we will continue to make incremental scientific and technological 
advances beyond what can already be accomplished today. Of 
course, just because something can be done does not mean that 
it will be done. It is only when a technology provides a means 
to satisfy a desire or a perceived need that people are willing 
to pay for it, both figuratively and literally. And the stronger 
the desire or need, the more willingness there is to overcome 
obstacles that lie in the way. This principle of market economics 
informs my imaginings to the same degree as science, for the 
desire to have biological children and to provide them with the 
greatest number of advantages is a powerful force indeed. 

Both scientists and nonscientists have asked me whether I 
really believe the most extreme future scenarios described in 
this book will ever come true. Let me respond to this question 
one scenario at a time. 



296 @ REMAKING EDEN 

Will embryo fusion be used to allow two women to have a 

genetically related child together? I am convinced this will hap- 

pen—either as I describe in chapter 15 or by the method de- 

scribed in this afterword—because there are no technological 
barriers to the implementation of this technology and because 
there are same-sex couples who will want to use it and can 
afford to do so. 

Will be used to allow people to have 
children who are genetically identical to one parent? At the 
moment, the feasibility of human cloning is based entirely on 
Dolly and other cloned animals that have since followed. Scien- 
tists have not yet turned these results into a technology that 
could be used safely and efficiently on human beings. Neverthe- 
less, most embryologists are convinced that the technology will 

be developed—and used—over the next decade or two. 
Will prospective parents be able to scan genetic profiles of 

multiple embryos in order to choose one to begin their preg- 
nancy with? This already happens, but genetic profiles are cur- 
rently limited to There is no obvious limit 
to the number of genes that could be examined in the future, 
and new technologies like ill serve both to increase 
the pace at which the human genome is deciphered and to 
provide the means for obtaining complete genetic profiles. There 
is no question that future parents will be able to select embryos 
based on long lists of genetic characteristics. But whether par- 
ents will one day view computer-generated images of the faces 
of their virtual children remains to be seen. I think this is likely 
simply because ever is a long time and there are no obvious 
insurmountable obstacles to achieving this goal. 

My ultimate future scenario, which has generated the most 
controversy, portrays the self-evolution of a portion of the 
human race into one or more separate ies. that 
can no longer breed with members ee 
human race. This scenario has been criticized at two levels. At 
the first level, there are those who believe that people won't 

want to use reprogenetics to enhance the genetic characteristics 
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of their children, both because the technology requires the sepa- 
ration of sex and reproduction and because it seems so drastic 
a response to what might be considered a nonproblem. The 
second level of criticism is more technical and aimed specifically 
at the question of whether patterns of marriage and human 
“intercourse” could prevent any self-evolution from taking place. 

There is 

Rather, it is from a perceived understanding of human nature, 
not science, that the first level of argument against human self- 
evolution is made. Professor Robert Winston, a fertility specialist 
and a member of the British House of Lords, wrote in a review 

of my book that “men and women will always prefer to conceive 
in bed or on the Persian rug; the inconvenience and discomfort 
of childbirth is always likely to be a part of its supreme 
experience.” 

Recent history suggests that Professor Winston is wrong. As 
1 document throughout this book, individuals and couples have 

seized upon all sorts of technologies that separate sex and repro- 
duction when it satisfies their reproductive goals. There is every 
reason to believe that at least a small subset of people will also 
seize upon genetic enhancement when the technology begins to 
offer significant advantages to their children. Subsequently, oth- 
ers (at least those who can afford it) will feel that they have to 
use the technology as well so that their children are not left 
behind. The only question in my mind is when this will happen. 
I suggest that it will begin in earnest during the next century. 
But even if it takes longer, the outcome will be the same. We 
have billions of years left on this planet to self-evolve. 

Not all scientists are as OVS as Lord Winston. For exam- 
ple, my colleague : as She Shain g C 

mate me = If sy my 

story of accelerating genetic enhancement 350 years in the fu- 
ture. He is convinced that ee ies esr an ce in 
March 1998 a group of eminent ge and molecular biolo- 
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gists, including the Nobelist James Watson and several members 

of aE Oocues the deca es, came together at a confer- 

ence at iscuss the details of how genetic engineering 

would surely occur. 
The second criticism of my “GenRich versus Naturals” sce- 

nario comes from evolutionary biologists who point out, cor- 
rectly, that speciation can’t occur without reproductive isolation. 
What this means is that as long as a small (but significant) 
proportion of genetically enhanced individuals intermingle and 
have children with nonenhanced individuals, there will always 
be a continuum of human beings ranging from those with the 
most enhancements to those with no enhancements. Such a 
continuum could prevent divergence into separate species. In- 

stead, what could happen over a long enough period of time is 
that genetic enhancements used initially by the upper economic 

class would move like sexually transmitted viruses to all strata 
of the world population. Over many millennia, such a process 
could conceivably increase the average genetic capabilities of the 
entire human population, although children of the wealthy class 
would still be at one end of the curve. 

Genetic divergence into separate species requires stri 

ion, which could be accomplished in several 
ways. First, a community of people acting together could choose 
to modify their children’s chromosomes in a special manner 
that would make them incompatible with other children who 
were not similarly modified. As a result, children from this com- 
munity would only be fertile with one another. This scenario 
differs from the one proposed in my book in the sense that 
species divergence would be an intended, rather than an acci- 
dental, consequence of genetic enhancement. The scientific and 
political underpinnings and consequences of purposeful specia- 
tion are the subject for another book. 

Future human reproductive isolation could also occur by 
the same mechanism responsible for all previous speciation 
events in the history of life on earth: one group of people could 
get up, say good-bye, and move somewhere far far away. This 
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could be another planet in another solar system, far enough 
away that same-generation contact with earthbound humans 
would be impossible. Although this sounds like science fiction, 
it is important to point out, once again, that the future time 
available to human beings before the sun burns out in our 
own solar system—five billion years—is longer than the entire 
previous span of life on earth since the emergence of the very 
first cell. 

The pace of change in the modern world is truly remarkable 
and in the few months since the publication of the original 
edition of Remaking Eden, new ideas have emerged and news 

events have occurred with a significant impact on topics that I 
covered. In the sections that follow, I have provided updates 
on such subjects as cloning, multiple mothers and fathers, shar- 
ing genetic motherhood, and the role that the media and the 
marketplace will continue to play in the discourse surrounding 
of all these issues. 

CLONING 

On a cold wet January day in 1998, I stood shivering in a 
Scottish animal pen with a handful of food pellets, which | 
offered to the most famous barnyard animal in the world. So 
anxious was Dolly to get to the food I held that she raced up 
and nearly knocked me off my feet. This was no wimpy little 
lamb, no imperfect sickly imitation of one of God’s creatures. 

No, without question, Dolly was the real thing—a strong-willed, 
healthy, outgoing animal without a clue about the storm she 
had unleased on humankind. 

I write these words almost a year to the day after Dolly was 

presented to the world. Even those who appreciated, at the 

outset, the impact that Dolly would have on the public con- 

sciousness have been stunned by the persistence of this story 

and its spawnlings in the news media. A year later, however, 

many members of the public still have a muddled sense of what 
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cloning means in a biological context, and the word itself still 
evokes passionate feelings of horror and anger. I got a taste of 
that passion while participating on a recent radio show when I 
remarked that there were already millions of human clones 
walking the face of the earth, but we usually refer to them as 
identical twins. An irate woman immediately called the radio 
station to demand that I retract my statement. She could hardly 
control herself as she spoke, but she made it clear that while 
she was an identical twin, she was certainly not a clone. 

To some extent, I believe that many in the media are se- 

cretly pleased that uneducated members of the public continue 
to misunderstand cloning. The sci-fi version is even more inter- 
esting to most people than the actual one, and it is much more 
likely to draw people in to watch, listen to, or read their reports. 

If and when human cloning occurs (and I am as convinced 
as ever that it will), the consequences are likely to be different 

even from those that many who understand the biology of clon- 
ing anticipate. The reality will be represented by my story of 
Jennifer and her daughter Rachel, whom no one suspected of 
being a clone. After all, there are children being born some- 
where in the world who will mature into a “spitting image” of 
one parent or the other, just by chance. Other children will 
express a personality and behavior that closely mimics one par- 
ent. And for a small number of children born every day, both 
will be true; they will be a “chip off the old block,” as the 
saying goes. Indeed, there are surely people alive today, around 
the world, who are actually more similar in both looks and 

personality to a parent than might be expected, on average, with 
a child who is a genetic clone! 

The power that genes have on our collective psyche is far 
greater than their actual contribution to differences among us. 
I know one family (and I am sure there are many others) in 
which the mother is routinely approached by strangers who tell 
her that her daughter looks just like her, not knowing that the 
child is adopted and has no genetic connection to. the mother. 
If we do such an imperfect job of intuiting genetic relationships 
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now, it seems clear that future observers will never know for 

sure (in the absence of DNA testing) whether a child is really 
a clone or just a parental lookalike. 

Indeed, the inability to distinguish a cloned animal or per- 
son without performing laboratory tests led a prominent Ameri- 
can bacterial geneticist named Norton Zinder to attack the 
veracity of Ian Wilmut’s claim that Dolly really was cloned from 
an adult cell. 

Zinder brought up several points that he claimed were suf- 
ficient to raise doubts about Dolly’s origin from an adult cell. 
First, because Dolly’s presumed progenitor was pregnant at the 
time her mammary tissue was removed, cells from the fetus 

could have found their way into the same dish and one of these 
fetal cells could have actually been responsible for Dolly. Second, 
again because Dolly was pregnant, her mammary tissue could 
have had immature stem cells responsible for increasing the size 
of the mammary glands, and one of these stem cells could have 

been responsible for Dolly. 
As Wilmut and his colleagues explained in their response 

to Zinder, Dolly could not have been derived from a rare fetal 
cell within the mammary tissue because her DNA is identical 
to that of the mammary tissue. A fetal cell would have to have 
a mixture of genes from the ewe that donated its mammary 
tissue and the ram that impregnated the ewe, while Dolly has 
no genes other than those in the mammary tissue. 

Wilmut did agree that Dolly could have been derived 
from an immature stem cell within the mammary tissue, but 

even if this were the case, it would still be a stem cell taken 

from an adult animal, and Dolly would still be a clone of an 
adult animal. All adults carry immature stem cells, so even if 

only these could be cloned, it would still be possible to clone 

all other adult mammals. 
Nevertheless, Wilmut admitted to the American press that 

there was “one chance in a million” that some unimagined ex- 
perimental error had occurred. It is important to point out that 
every honest scientist would make the same statement about 
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every experimental result ever obtained. No matter how well an 
experiment is performed, there’s always at least a remote chance 

of error. 
But the media were eager to run another headline story on 

cloning. This time they exclaimed it was all a mistake because 
Dolly’s creator had retracted his original result. Many reporters 
didn’t understand the difference between “fetal cells” and “stem 
cells” and took Wilmut’s admission that Dolly could have come 
from a stem cell as an admission that Dolly was not cloned 
from an adult animal but from a fetus instead. 

The main problem for Wilmut was that Dolly’s progenitor 
had been dead for several years before the cloning process was 
initiated. The cell used to produce Dolly came from mammary 
tissue that had been stored in the freezer. As a result, it wasn’t 

possible to compare Dolly’s DNA to DNA taken directly from 
a living progenitor. 

In retrospect, Wilmut and his colleagues realize they could 
have avoided all doubts by starting their experiment with an 
adult animal that was still alive. But at the time, the mammary 
cells were readily available and Wilmut and his colleagues had 
no way of knowing their results would later turn the world 
upside down. 

In June 1998, all doubts about Dolly’s origin were elimi- 
nated. Luckily, a tissue sample taken directly from Dolly’s pro- 
genitor had been frozen immediately at a remote location 70 
miles away from the Roslin Institute where the cloning protocol 
was performed. A direct comparison of the DNA in this frozen 
sample with Dolly’ DNA showed 100% identity. This result 
demonstrates that Dolly is indeed a clone of an adult animal. 

It took over a year before adult cell cloning was replicated 
by other scientists working with other animals. In retrospect, 

the lag time is easy to understand by anyone who appreciates 
the manner in which developmental research on animals with 
long periods of gestation is performed. (Zinder’s impatience may 
have been due to the fact that the organism he studies—the E. 
coli bacteria—reproduces itself in less than an hour.) 
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In the long run, the veracity of the claim that Dolly was an 
adult cell clone hardly mattered. For more than anything else, 
her birth shattered the psychological barrier that made scientists 
think adult cell cloning was an impossibility. By the summer of 
1998, several other laboratories had succeeded in cloning both 
mice and cows from adult progenitors, and pigs and monkeys 
are not far behind. Scientists have devised new cloning protocols 
that have greatly increased efficiency, and they are on their way 
to understanding and solving sporadic developmental problems 
caused during the period of laboratory incubation prior to the 
placement of the cloned embryo into an uterus. Some may be 
amazed by the speed with which research in this area is pro- 
gressing. But it is simply a testament to the power of the mar- 
ketplace in driving reprogenetics. 

THREE MOTHERS AND TWO FATHERS 

The title of chapter 11, “Three Mothers and Two Fathers,” was 

based on the theory that 

esas Since the har 
cover publication of this book, a scenario of exactly this type 
gave rise to a legal battle in California. An infertile married 
couple, Luanne and John Buzzanca, contracted with three sepa- 

rate adults 
irl. named Jaycee. 

Before the birth took place, however, John Buzzanca left his 

wife and filed for divorce. 
Luanne took immediate custody of Jaycee and sued John 

for child support. John argued that he did not owe child sup- 

port because the baby was not a “child of the marriage.” Al- 

though Jaycee had three biological parents as well as a social 

mother, a confused court judge ruled that she had no legal 
parents. The decision was appealed, and in March 1998 a three- 

judge appellate panel ruled unanimously that both John and 

Luanne were to be considered Jaycee’s legal parents based on 
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the fact that “Jaycee never would have been born had not Lu- 

anne and John both agreed to have a fertilized egg implanted 

in a surrogate.” The court compared John’s role in Jaycee’s birth 

to that of a man who casually sleeps with a woman knowing 
she may become pregnant. If such men can be forced to pay 
child support (as they are in every state in the country), then 
John should be as well because “John caused Jaycee’s conception 
every bit as much as if things had been done the old- 

fashioned way.” 
In reaching their decision, the California appellate panel 

went beyond traditional views of genetic heritage and parent- 
hood to embrace the notion Fro cen nearer: wa if 

not more, than genes when children are brought into the world 
through the use of new reprogenetic technologies. 

SHARED GENETIC MOTHERHOOD 

In chapter 15, I described a method of embryo fusion that could 
allow two women both to be the genetic parents of the same 
child. I stated that a child born through such a process would 
be normal and healthy in all ways with one possible exception. 
If the skin colors of the two women differed significantly, the 

child could be born with a patchy complexion over her whole 
body. Although not a medical problem per se, the possibility 
that this potential abnormality could cause serious psychological 
harm might be enough to argue against its use. 

Professor Margit Burmeister, at the University of Michigan 
Medical School, has suggested a solution to this potential prob- 
lem. She pointed out that skin color is inherited in a generally 
dominant manner. This means that if the eggs produced by two 
women are both fertilized by sperm from a man who is slightly 
darker than both in skin pigmentation, the child could be born 
with the uniform skin color of the sperm donor. (This would 
only work if the sperm donor was known to be homogenous 
for skin color genes. Confirmation of such a genetic profile is 
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not yet possible, but there’s no doubt it will be in the near 
future.) 

When human cloning becomes technologically feasible, it 
will make possible an alternative method of sharing genetic 
motherhood that does not require sperm donation. Instead, the 
two women who wish to have a child together could both have 
embryos cloned from cells in their body. Embryo fusion would — 

r. This scenario 
would also work for two men provided, of course, that they 
could find a surrogate mother. 

All the nonreligious objections to the cloning of human be- 
ings evaporate when a child is born through the fusion of 
cloned embryos. Such a child will not be genetically identical 
to either of her progenitor-parents and thus there cannot be 
any violation of her so-called “right to genetic uniqueness,” as 
the bioethicist Daniel Callahan puts it. She won't be able to see 
her likeness in any photograph as she grows up. 

In theory, embryo fusion could also be used to allow hetero- 
sexual couples to have genetically related children together when 
the man is unable to produce sperm or the woman is unable to 

produce eggs. O i ned from | 

oS 

But one can imagine ways in which genetic engineering of embry- 
onic cells derived from one parent could allow sex switching so 
that the child is uniformly one sex or the other. 

THE MEDIA AND THE MARKETPLACE 

On June 26, 1997, four months after lan Wilmut’s announce- 

ment that cloning had been achieved with an adult cell, a con- 
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ference was held outside Washington, D.C., to discuss its 

implications for science and society. The conference was at- 
tended by hundreds of people, including scientists, bioethicists, 
theologians, representatives from biotechnology companies, and 
interested citizens willing to pay a $450 registration fee. 1 was 
one of the speakers at this conference. At the end of the ques- 
tion and answer session that followed my presentation, I left 
the podium and was immediately approached by a lanky man 
who appeared to be in his late sixties or early seventies. This 
man wanted to let me know that he had enjoyed my presenta- 
tion because I had pointed out that most of the scientific objec- 
tions to the feasibility of cloning were invalid. He told me, in 
a matter-of-fact voice, that he planned to set up a human clon- 
ing clinic as soon as he could find the necessary capital. 

I couldn’t decide whether he was pulling my leg or not, but 
he had aroused my curiosity, so I continued to listen. He then 
made it clear that although he was in favor of cloning, he was 
strongly opposed to abortion, and that there were two primary 
reasons why he wanted to clone people: to become closer to 
God and to make lots of money. By now I had formed the 
opinion that this man was quite serious and seriously nutty. | 
politely extracted myself from the conversation and did my best 
to avoid him during the rest of the conference. 

Dr. Richard Seed—a physicist, not a physician—told anyone 
who would listen to him that day the same things he had told 
me. There was a general feeling among those at the conference 
that he was “not altogether there,” and no one took him seri- 
ously. He did not enter my mind again for six months. 

On December 6, Dr. Seed attended another conference on 
cloning, this one much closer to his home in Chicago, Illinois. 
This time, he attracted the attention of a few reporters and there 
were scattered newspaper articles about the “biologist” who 
planned to open a cloning clinic. 

It took a month of percolating beneath the media surface 
before Joe Palca of National Public Radio featured 

on the January 6, 1998, edition of “All Things Considered. 
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Seed told Palca that he planned to set up a “profitable” cloning 
clinic first in Chicago and then in ten to twenty other American 
cities. And if cloning were banned in the United States, Seed 

said he would move his operation to another country. Seed also 
said on NPR that “cloning . . . is the first serious step.in becom- 
ing one with God. Very simple philosophy.” 

The following day, Richard Seed was featured on countless 

network newscasts and on the front pages of major newspapers. 
Once again, the public was thrown into a frenzy over the pros- 
pect of human cloning. Even President Clinton got into the act, 
warning Dr. Seed that his plans to clone would not be tolerated 
in the United States. Two months later, the public outcry over 

Seed’s ideas had forced an anti-cloning bill onto the floor of the 
U.S. Senate. 

How did a man off the street without a medical degree, 
without a laboratory, without any funding, without any under- 

standing of the technical obstacles that still lie in the path of 
successful human cloning, and with a bizarre religious perspec- 
tive garner such attention? I believe the answer lies not in what 
Dr. Seed himself can, or cannot, do but rather in the startling 

realization by the public Ch gases SHEE Heeeggntiosee> 

not by government, not by professional societies of scientists or 
doctors, and not by bioethicists, b This 

was the new idea that Seed planted in people’s minds. 
Richard Seed will never succeed in cloning even a single 

human being. But at some future point, someone else will— 

working quietly, away from the media lights, in a very-much- 
for-profit private clinic. And when genetic enhancement be- 
comes feasible, it will be pursued in the same way, for the 

money to be made will be irresistible. 

When will all the extraordinary reprogenetic feats that I 
describe in this book take place? I can’t pretend to know the 
answer, but I can predict this: reprogenetic technology will con- 
tinue to advance and surprise us during the twenty-first century, 
just as computer technology exploded during the second half 
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of the twentieth century. The difference is that before there were 
computers, no one could have known that they were needed. 
In contrast, we can already see the powerful forces that will 
drive the development of reprogenetics—the desperate urge to 
have biological children and the incredible lengths to which 
people will go to give their children the best possible lives. 

As long as civilization doesn’t self-destruct, and as long as 
the earth doesn’t get hit soon by an enormous asteroid, hu- 
mankind has not hundreds, not thousands, not millions, but 

billions of years to self-evolve. What kind of ride will it be? 
What a pity you and I will never know. 

Sy 
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PROLOGUE: A GLIMPSE OF THINGS TO COME 

American society, in particular, accepts the rights of parents: In 

many ways, America is unique among Western countries in the 

paramount contribution that parents are expected to make in de- 

termining how their children should be raised. In most other indus- 

trialized countries, society as a whole takes primary responsibility 

for the socialization and upbringing of its children. Citizens of these 

countries would have greater legitimacy in arguing for control over 

the individual use of reprogenetic technologies. 

1 WHAT IS LIFE? 

. all living entities on earth are . . . easily distinguished from 

nonliving things: Until 1828, it was thought that living matter was 

different in essence from nonliving matter. Living matter was consid- 

ered to be “organic,” nonliving matter was inorganic. Only living 

things, under divine influence, could produce organic materials. 

Thus, living things could be recognized because they were composed 
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of, and produced, organic matter. This worldview was shattered in 
1828 when the chemist Friedrich Wohler synthesized the organic 

substance urea directly from inorganic materials in his laboratory. 

Scientists now use the word organic to describe the category of com- 

plex molecules that are based on the carbon atom. Although most 

of the complex molecules that living things produce are organic, 

these and many other organic molecules—never found in the living 

world—can also be synthesized in the laboratory with the techniques 

of organic chemistry. 

A different form of life, created: A lively account of the history, the 

players, and the field itself is provided by Steven Levy in Artificial 

Life: the Quest for a New Creation (New York: Pantheon, 1992). 

HAL was, of course, the vengeful computer: The name HAL was 

intended as a play on IBM, with each character advanced by a single 

position in the alphabet. 

HAL displayed unanticipated human emotions: The term artificial 

intelligence was coined in the 1950s to describe machines that might 

one day exhibit humanlike attributes of reasoning, self-awareness, 

and emotion. 

an absolute requirement for life of any kind is the ability to use 

energy: Some may quibble that the existence of spores contradicts 

this claim. Spores are dried-out cells that can survive in a completely 

inert state for hundreds of years and then germinate into living 

organisms when exposed to favorable environmental conditions. 

However, although spores emerge from living entities, and although 

they may have the potential to develop into living entities, they are 

better viewed as existing in a state of suspended animation. The 

rationale for this claim is presented in the discussion of frozen life 

in chapter 7. 

. evolution alone may be considered the overarching theme: It 

can be argued that the gene is a second essential feature of life-in- 

general. This argument follows directly from the principle that all 

living things are the products of reproduction and evolution. In 

theory, there are two different strategies a creature might take to 

reproduce itself. The first strategy would be for the creature to survey 

itself (not necessarily in a conscious way) from head to toe and use 
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the structures of each of its component parts to produce identical 

copies in its emerging child. This is indeed the strategy that most 

biologists believe was used by the earliest living things on earth— 

self-replicating molecules that eventually evolved into the first biolife 

cell. It is the strategy that was used by the self-replicating robots in 

the story just told. 

For the simplest living things, however, this strategy poses a 

serious problem in that only self-replicating component parts can be 

reproduced in this way. The requirement for self-replication severely 

restricts the ways in which a simple life form can evolve. For exam- 

ple, a membrane coat that formed, by chance, around a self-replicating 

molecule might increase the chances of that molecule’s survival, 

but there is nothing that the self-replicating molecule could do to 

provide a similar membrane coat to its progeny, and thus the mem- 

brane coat would have no evolutionary significance. So with this 

strategy for reproduction, simple life forms wouldn't get very far. As 

a consequence, there could never be any self-replicating robots 

whose origin is dependent on intelligent creators. (Although they 

still provide the best counterexample to the argument that life re- 

quires genes.) 

To get beyond the simplest stage of life, a creature has to be 

able to build structures to protect itself. But the best of these struc- 

tures (and the machinery needed to build them) will not be self- 

replicating. So to make sure these structures are inherited, parents 

will need to give their offspring a set of instructions that tell them 

how they can also build these structures. This is the second strategy 

of reproduction. Give your children the instructions, with a minimal 

number of starting parts, and let them build themselves. 

The second life strategy is very powerful in terms of both repro- 

duction and evolution. If a creature needs one thousand identical 

parts of a particular surface structure (like an interlocking tile), they 

can all be constructed by reading a single instruction over and over. 

A change in this single instruction would lead to a change in all 

one thousand parts. If the changed overall structure of identical parts 

made the creature more resistant to attack or degradation than the 

original structure, the changed instruction would be passed on to 

more offspring, and eventually, all surviving members of the popula- 

tion would carry it. That’s evolution. 

The instructions carried by these hypothetical creatures are 
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equivalent to what scientists call “genes.” They are packets of infor- 

mation that are transferred from one generation to the next during 

the process of reproduction. Genes allow a child, in the most univer- 

sal sense, to be created in the image of its parent or parents. The 

molecular substance that holds the genetic instructions in a form 

that can be both read and copied is called the genetic material. 

Although the concept of the gene may be universal, the nature 

of the genetic material will not be. Every independently evolving 

system of life will have its own genetic material. Although DNA is 

a very beautiful molecule—both visually and conceptually—it is an 

accident. If we rewound the tape (as Stephen Jay Gould is fond of 

saying) back to Earth’s beginnings and allowed life to evolve again 

from scratch, some other beautiful molecule would have emerged as 

the genetic material. So if a future solar system—hopping astronaut 

finds living things on another planet that happen to use DNA as 

their genetic material, she could be quite confident that the Pansper- 

mia Theory elucidated in chapter 2 is correct, and that we and these 

otherworldly creatures evolved from the same ancestral DNA-bearing 

life form whose descendants somehow migrated from one world 

to another. 

“Nothirig in biology makes sense except in the light of evolution.”: 

This aphorism is actually the title of a famous lecture given by 

Dobzhansky that was published in The American Biology Teacher 35 

(1973): 125. It is often quoted and used as a rallying cry in defense 

of teaching evolution in the public schools. 

There seems to be a minimum level of complexity: While a-life 

creatures don’t themselves obey this principle, they are dependent 

upon the complexity of the computer within which they reside to 

carry out their functions. 

Let’s imagine that not only has artificial intelligence become a reality: 

The idea that scientists might be able to synthesize humanlike crea- 

tures, and the implications and consequences of such an idea, was 

first explored by Mary Shelley in her novel Frankenstein, written in 

1816. Since Shelley’s time, numerous writers have expounded upon 

this theme and its relevance to our understanding of the meaning 

of human life, as well as the separate but related notion of an ethical 

line beyond which science should not tread. An updated and poi- 
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gnant reconsideration of the Frankenstein theme was presented in 

1921 by the Czech author Karel Capek, who coined the word robot 

in a play called R. U. R. (Rossum’s Universal Robots): A Fantastic 

Melodrama. Capek’s robots looked and acted like humans (rather 

than monsters) and thus paved the way for such modern film ver- 

sions of the Frankenstein tale as The Stepford Wives, The Terminator, 

and Blade Runner. 

like an intelligent version of one of the Stepford Wives or a compas- 

sionate version of the Terminator: The Stepford Wives is the 1974 

film adaptation of a novel by Ira Levin in which well-off businessmen 

in a sleepy Connecticut suburb of New York City kill their “de- 

manding” spouses and replace each with a robotic copy that looks 

exactly like the original woman but that behaves according to a 

perfect model of a 1950s American housewife. This film has become 

a paradigm for the male desire to dominate the women in their lives 

and suppress any expression of their individuality. 

Released in 1984, The Terminator is a film in which a robot with 

outwardly human characteristics (played by Arnold Schwarzenegger) 

is sent from the future into the present time in an attempt to change 

the course of history. The Stepford Wives and The Terminator both 

explore the premise of beings among us that look and act (to a 

certain extent) like humans when they are really not made of flesh 

and blood. Both films play upon the emotions of the audience in 

not immediately revealing the true nature of these creatures. Ulti- 

mately, the human look-alikes are revealed to lack certain human 

emotions, and in this way, both films pay homage to Shelley’s Fran- 

kenstein with the implication that only God can provide the essential 

vital force that is the essence of humanness. 

Many other films have explored the Frankenstein theme over 

the years, but Blade Runner was the first to challenge the view that 

only God can create human life. Although the naturally bred human 

characters in Blade Runner initially view the human-created “repli- 

cants” as less than human, the movie and the book on which it is 

based (Do Androids Dream of Electric Sheep by Philip K. Dick) force 

the audience to question this assumption. 
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2 WHERE DOES LIFE COME FROM? 

. one or more of these microscopic entities: You can get a sense 

of how large a typical cell is by comparing it to the distance between 

two of the closest markings on a standard American ruler. The typi- 

cal cell would extend across only one hundredth the distance be- 

tween two adjacent 1/16-inch lines. 

Thus, biolife cannot be reduced to any unit smaller than a cell: One 

question that may be asked is whether tiny viruses are also alive. 

Let’s consider this question based on the properties of life-in-general 

that we’ve just discussed. A virus is essentially a strand of genetic 

material containing a handful of genes surrounded by a protective 

coat. It’s hundreds to thousands of times smaller than a cell and 

cannot be seen with a standard microscope. In its natural state, the 

virus is completely inert. It can’t use energy, it can’t reproduce, it 

is absolutely static. It is only when the virus enters a cell and dis- 

solves its coat that its exposed genetic material can take over the 

cell’s machinery and force the production of more viruses—identical 

to itself—that are then exported to the world outside the cell. Thus, 

a virus sits on the very edge between living and inanimate. It can 

reproduce and evolve, but only within the helping environment of 

a cell. All viruses were born originally as escaped genes from cells, 

and all viruses are limited in the complexity they can achieve. 

Of philosophical interest is the ability of scientists to create fully 

functional viruses in the laboratory, building them up from their 

smallest molecular components. When this feat was first accom- 

plished in the 1970s, it provided the final proof that a so-called 

vital force was not necessary to explain life. Suddenly, it was no 

longer true that only life could beget life. Viruses will not be dis- 

cussed further in this book because they are fringe entities that play 

no role in the definition of human life, reproduction, or 

development. 

It was assumed instead that a special vital force: The concept of the 

“vital force” emerged from the same tradition that had previously 

supposed an essential and “divine” difference between organic and 

inorganic matter. Once it became clear that molecules alone were 

not sufficient to distinguish the living from nonliving, the only thing 

left that could make living things different in essence was a special 
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force that acted upon molecules to bring them to life. Hence the 

“vital force.” Defined in different ways by different supporters, its 

underlying premise is that there is something present in every living 

cell and tissue—a guiding spirit—that transcends mere molecules. 

Although there is no need for a guiding spirit to explain the living 

cell, some still argue—on religious grounds—for its existence as an 

immaterial entity that does not interfere with the chemical processes 

of life. In this guise—containing no matter or energy itself, and 

unable to interact with matter—it ceases to exist within the confines 

of the rational world. 

. . an exquisite piece of machinery with hundreds of thousands of 

working parts: Although the genetic material contains the instruc- 

tions that a cell uses to build itself and its progeny, it doesn’t actually 

carry out the work. Almost all the work that goes on inside the cell 

is carried out by molecules called proteins. Every living creature on 

Earth is composed primarily of protein molecules that can display 

almost infinite flexibility in their form and function. This is why 

early molecular biologists were so excited in the 1960s when they 

discovered the exact rules of the language that the cell uses to con- 

vert genetic information into functional proteins. Before 1 describe 

those rules (in a later note), it is important to understand a little 

bit about the chemical nature of proteins. 

Chemists measure the size of molecules in terms of their molecu- 

lar weight, which is based on a comparison to the size of the smallest 

possible atom with just a single proton and a single electron—hydro- 

gen. Molecules of water, for example, contain two hydrogen atoms 

and a single oxygen atom, which together weigh 18 times as much . 

as a hydrogen atom alone: thus a water molecule (H,O) has a molec- 

ular weight of 18. 

Living cells can make much bigger, and more complex, mole- 

cules by linking together large numbers of simple building blocks. 

The building blocks of proteins are called amino acids, which come 

in twenty different forms that range in molecular weight from 57 to 

186. In 1953, the American biochemist Stanley Miller brought about 

the spontaneous creation of eight of these amino acids in a laboratory 

jar containing an atmosphere (with hydrogen, water, methane, and 

ammonia) and environmental conditions (electric discharges of the 

type caused by lightning) assumed to have existed on the newly 
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formed earth, four billion years ago. This demonstration provided 

the first support for the idea that life could have emerged spontane- 

ously on Earth. 

The twenty amino acids have two parts—a shared backbone and 

a unique “residue.” Amino acids are linked together through their 

shared backbones. It is their unique residue that defines their indi- 

vidual properties. Some amino acids possess electrical charge, either 

positive or negative; others are neutral. Some are slim, others are 

bulky. Some are flexible, others are taut. Some attract water mole- 

cules, others repel them. 

A library of building blocks having such wonderfully diverse 

chemical properties allows the cell to create materials as different as 

the clear crystal lens in your eyes—which allows you to focus light 

on your retina—the strands of hair on your head, and the contractile 

substance inside your muscles; all these things are made primarily 

from proteins that differ only in the amounts and order of each 

amino acid they contain. 

Some proteins have enzymatic activity, which means they can 

catalyze chemical reactions of many different kinds. It’s this ability 

that allows proteins to function as the cell’s machinery. In fact, it is 

proteins that act as the readers of genetic information. It is proteins 

that build new DNA molecules based on the information present in 

the old ones. It is proteins that build each component part of every 

cell in your body. 

The cell builds proteins as long chains, connecting one amino 

acid to another through its backbone. A short chain of amino acids 

is often referred to simply as a peptide. A long chain (usually more 

than 100 amino acids, but the cutoff is arbitrary) is called a polypep- 

tide. The smallest proteins produced by cells have just a handful of 

amino acids and act typically as molecular signals that can move 

quickly from one cell to another in the body. An average-size poly- 

peptide contains about 500 amino acids and has a molecular weight 

of around 55,000. The largest known polypeptide is 3,685 amino 

acids in length with a molecular weight of more than 400,000; it is 

made in muscle cells and called dystrophin because mutations within 

it can lead to the disease of muscular dystrophy. 

Proteins can actually contain multiple polypeptide chains as well 

as other small molecular structures. A good example is the hemoglo- 

bin protein made in red blood cells. Hemoglobin moves oxygen 
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from your lungs to all the cells in your body. It has four polypeptide 

chains—two identical polypeptides called alpha-globin and two oth- 

ers called beta-globin—wrapped around a small iron-containing mo- 

lecular module called a “heme.” Genetically caused changes in either 

alpha- or beta-globin are responsible for the diseases of sickle cell 

anemia and thalassemia. 

Although according to its scientifically agreed upon definition, 

a protein is larger than the individual polypeptide, scientists often 

use “protein” as a synonym for “polypeptide” (probably because 

“protein” has fewer syllables). 

One last thing that you should know about proteins is that 

although they are created in one dimension—as chains of amino 

acids linked along a backbone—they become twisted and folded 

into highly specific three-dimensional structures. In fact, the vast 

majority of amino acids in most proteins are there solely to fit to- 

gether with other specific amino acids—like a jigsaw puzzle—to 

ensure that proper twisting and folding occurs so that the proper 

shape and form of the protein is achieved. A protein must have a 

correct shape and form to function properly. Even a single amino 

acid change can destroy a protein’s ability to reach its correct shape, 

with potential whole-body consequences like sickle cell anemia. 

The information . . . is encoded within its genetic material, DNA: 

The DNA molecules present in living cells are enormous compared 

to other kinds of molecules found in both the animate and inanimate 

worlds. An average-size human polypeptide—with a molecular 

weight of 50,000—may be enormous relative to molecules that form 

naturally in the absence of life. But even this pales in comparison to 

the size of an average molecule of human DNA with an approximate 

molecular weight of 80 billion. 

If you could remove a DNA molecule from a cell and stretch it 

out without breaking it (actually a technical impossibility), you 

would find what looked like an incredibly long, but incredibly nar- 

row, thread. All DNA molecules have the same diameter of about 2 

nanometers, which is a million times smaller than the distance be- 

tween two 1/16-inch marks on a ruler. This width is so small that 

naked DNA molecules cannot be detected with a traditional 

microscope. 

The length of a typical human DNA molecule is another story. 
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DNA molecules vary in length, but the average human molecule 

measures 17/4 inches. This is thousands of times longer than the 

human cell from which it was taken. And if the 46 DNA molecules 

present in each human cell were lined up end to end, they would 

measure an incredible six feet eight inches, longer than most human 

beings. But because their diameter is so narrow, an entire set of 

DNA molecules is easily compacted within each nucleus of each of 

the 100 trillion cells in your body. 

There is a very good reason for the enormous difference between 

the width and length of a DNA molecule: genetic information is 

written across its length, not its width. A perfect analogy is obtained 

by considering what would happen if the text of the this entire book 

were written across a single line. The width of the line is only an 

eighth of an inch, but its length would be nearly a mile. The ratio 

of length to width in this case would be 470,000:1. For the average 

human DNA molecule, the ratio is 22,000,000:1. Although I’ve used 

an average human DNA molecule in the examples presented here, 

actual DNA molecules from humans and other species can vary 

greatly in length, just like books, in proportion to the amount of 

information they hold. 

If you look at the total information contained on a page in this 

book, you will see that it is possible to divide it into smaller, well- 

defined units. There are paragraphs of various lengths, containing 

sentences of various lengths, each of which contains varying num- 

bers of words of varying length. Finally, each word is composed of 

letters, or characters. The individual letter, or character, is the small- 

est bit of written information that cannot be broken down further. 

This is considered the basic unit of written information. When we 

give the size of word, we are not talking about its length in millime- 

ters (which is arbitrary), we are talking about the number of letters, 

or basic units, it contains. 

In a similar fashion, the information contained on magnetic disks 

used by computers can also be broken down into smaller units. The 

largest unit that a user sees is the file, which can vary in size over 

a very large range. Within a file, there are smaller units of identical 

size used for memory allocation or network transmission, which may 

be 256 bytes long. The byte has a standard size of 8 bits, and finally, 

the bit itself is the basic unit of computer information. 

With both the written language and computer files, there is only 
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a limited number of values that each basic unit can take. In the 

written information on this page, each basic unit takes the value of 

one of the twenty-six Roman letters or one of a limited number of 

auxiliary characters (such as a punctuation mark or blank space). In 

a computer file, each bit of information can take only one of two 

values—zero or one. But as we all know, this minimum number of 

alternative values does not limit, in any way, the amount of informa- 

tion that a whole file might contain. 

The genetic language encoded within the DNA molecule also has 

a well-defined basic unit. This basic unit occurs within a modular 

component of DNA known chemically as a nucleotide. Since it repre- 

sents the basic unit of genetic information, the nucleotide is also 

known simply as a base. There are only four different chemical bases, 

which can be used over and over again, and strung together in any 

order along a DNA molecule. The bases are referred to by the first 

letter of their chemical names: A (for adenine), C (for cytosine), G 

(for guanine), and T (for thymidine). 

All cells have two separate compartments: This statement is true 

only with qualifications. Bacteria are primitive forms of cells that are 

not compartmentalized; their genetic material floats freely in their 

cytoplasm. And there are some specialized cells in complex creatures 

like us—such as red blood cells—that throw away their nuclei and 

end up functioning perfectly well with only a cytoplasm (although 

such cells are unable to grow or divide and live for only a few days). 

.. . the cells of all living things work in essentially the same way: The 

information required to produce the three-dimensional structure of a 

protein lies entirely within the one-dimensional sequence of amino 

acids present in its polypeptide chain. This one-dimensional se- 

quence of amino acids is determined entirely by a packet of informa- 

tion present along a DNA molecule: the gene. There is a one-to-one 

correspondence between genes and polypeptides. But a polypeptide 

looks nothing like a DNA molecule. A DNA molecule has only four 

building blocks—A,C,G, and T—while a polypeptide has twenty. 

This means that the transfer of information from a sequence of DNA 

bases—a DNA sequence—to a sequence of amino acids—a polypeptide 

or amino acid sequence—is not accomplished through the operation 

of a simple one-to-one translation mechanism. Instead, the polypep- 
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tide sequence must be encoded somehow within the gene sequence. 

But how? What is the genetic code? 

After the 1953 determination of the structure of DNA by James 

D. Watson and Francis H. Crick, molecular biologists worked for 

another dozen years to unravel the genetic code. When the discovery 

was finally made (it actually occurred through a series of smaller 

discoveries), it was seen as a great breakthrough in human under- 

standing. Here it is in a summary version. 

Each amino acid in a polypeptide is coded for by a specific 

sequence of three DNA bases. This three-base sequence unit is called 

a codon. Since each DNA base can take one of four forms, a codon 

can take one of 4 x 4 X 4 or 64 forms. Thus, there is a potential 

for 64 different codons, which is about 3 times the number of 

different amino acids. On average, 3 different codons will specify a 

single amino acid. For example, the codons ATT, ATC, and ATA all 

specify an amino acid named isoleucine. But this number can vary 

from as low as | codon (for each of 2 amino acids) to as high as 6 

codons (for each of 2 other amino acids). 

Of the 64 possible codons, 61 specify one amino acid or another. 

The other three codons (TAA, TAG, and TGA) represent a punctua- 

tion mark signifying the end of a gene; these are called STOP co- 

dons. The DNA coding region for every polypeptide starts with ATG, 

which is referred to as a START codon. Thus each gene extends 

from START to STOP. ATG encodes the amino acid methionine, 

which is at the beginning of every polypeptide. The precise order 

and number of amino acids in each polypeptide chain are deter- 

mined by the codons that begin with START and continue to STOP. 

Each codon follows directly after the preceding one, so the size of 

the coding region, in bases, is always three times the number of 

amino acids in the polypeptide. That, in essence, is the whole story 

of the genetic code. 

The probability is 1 chance in 403,291,146,110,000,000,000,000,000: 

The number of different ways in which the individual symbols of 

a twenty-six-character alphabet could be assigned to twenty-six 

different sounds is calculated with a string of multiplications start- 

ing with 26 and moving down by one with each subsequent num- 

ber: 26 x 25 x 24... 2 x 1. This mathematical expression is 

referred to as 26 factorial and is written as 26! 
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And yet, every living animal, plant, and germ cell on earth: There 

are some minor differences in the code used by certain microorgan- 

isms. But even these exceptional organisms still retain more than 90 

percent of the code used by our own cells, which tells us that these 

differences occurred after the birth of the first cell. 

_. . powerful enough together to change . . . the chemical nature 

of its atmosphere: The most striking of these transformations was 

the conversion of an atmosphere rich in carbon dioxide and nearly 

lacking in oxygen to one at the opposite extreme. This drastic con- 

version was a consequence of photosynthesis being carried out by 

trillions and trillions of primitive green cells that coated the surface 

of our planet billions of years ago. During photosynthesis, cells use 

carbon dioxide and water in the generation of chemical energy, while 

excreting oxygen as a waste product. It is the accumulation of this 

waste product that allowed the evolution of animal life, which even- 

tually led to us. 

. the first replicators were protein-like in nature: S. L. Miller, 

“The Prebiotic Synthesis of Organic Compunds as a Step Toward 

the Origin of Life,” in Major Events in the History of Life, ed. J. W. 

Schopf (Boston: Jones & Bartlett, 1992), pp. 1-28. 

. . . RNA was the original replicator: W. Gilbert, “The RNA World,” 

Nature 319 (1986): 618. 

Francis Crick . . . has tried to rescue Panspermia: This idea is the 

premise for Crick’s book Life Itself: Its Origin and Nature (New York: 

Simon and Schuster, 1981). 

.. . Pope John Paul’s decision to accept evolution as an established 

scientific theory: As reported in the New York Times on 25 October 

1996, the Pope said, “Fresh knowledge leads to recognition of the 

theory of evolution as more than just a hypothesis.” 

. . a problem that has been addressed most forcefully: Stephen Jay 

Gould, Wonderful Life: The Burgess Shale and the Nature of History 

(New York: W.W. Norton, 1989). 

“The more the universe seems comprehensible,”: Steven Weinberg, 

The First Three Minutes (New York: Bantam Books, 1977). 
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p. 37 “Matter is weird stuff’: Freeman Dyson, Infinite in all Directions (New 
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York: Harper & Row, 1988), p. 8. 

a backhand way to explain the particular properties: John D. 

Barrow and Frank J. Tipler, The Anthropic Cosmological Principle (New 

York: Oxford University Press, 1986); Martin Rees, Before the Begin- 

ning: Our Universe and Others (New York: Simon & Schuster, 1997). 

Ed Witten . . . rejects this version of the Anthropic Principle: Witten 

says, “What I detest most about the Anthropic Principle is that it 

robs us of the real wonder, which is that after learning conventional 

(nonanthropic) explanations of things, we find out that for ‘purely 

theoretical’ or ‘purely mathematical’ reasons, things turn out to be 

just so as to make life possible. It is very roughly as if we would 

determine that life would be possible only if pi is between 3.1415 

and 3.1416 and then, upon making accurate measurements of the 

circumference of a unit circle, learn that that is true. I see the An- 

thropic Principle as an excuse to surrender the quest for a scientific 

explanation. Such surrender always tums out, in the long run, to 

be misguided.” (Personal communication, 1997). 

. a new theory of physics that brings together the currently 

separate theories: The reigning theories of physics are the Quantum 

Mechanical “Standard Model” and Einstein’s General Theory of Rela- 

tivity. The Standard Model does a good job of explaining the electri- 

cal and nuclear forces, while Relativity does a good job of explaining 

gravity. But the two theories collide in their descriptions of what 

happens when two elementary particles come very close to each 

other, which is why physicists know something is missing. Further- 

more, neither theory explains why elementary particles have the 

masses that they have, or why forces have the precise strengths that 

they have. These fundamental constants are simply observed in na- 

ture and incorporated into the theories. Physicists such as Ed Witten 

and David Gross hope that a grand new mathematical construct 

called “String Theory” will bring together quantum mechanics and 

gravity and provide an explanation for the fundamental constants. 

_ . “the laws of Nature and the initial conditions”: Dyson, Infinite, 

p. 298. 

. “small piece of God’s mental apparatus”: Ibid., p. 297. 
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I refuse to believe that knowledge exists: For a point of view that 

is the polar opposite of mine, the reader is directed to a book by 

John Horgan called The End of Science (Reading, Mass.: Addison- 

Wesley, 1996). 

3 DOES YOUR FIRST CELL DESERVE RESPECT? 

What is the moral status of the human embryo?: An excellent analy- 

sis of this question from a political perspective is presented by Alta 

Charo in an article titled, “The Hunting of the Snark: The Moral 

Status of Embryos, Right-to-Lifers, and Third World Women,” Stan- 

ford Law and Policy Review 6 (1995): 11-37. 

The two members of any chromosome pair are 99.9 percent equiva- 

lent to each other: The one exception lies in the pair of sex chromo- 

somes. Unlike the other twenty-two pairs, sex chromosomes come 

in two different forms: X and Y. Women have a pair of X chromo- 

somes which are 99.9 percent the same as each other, just like other 

chromosome pairs. Men have a single X and a single Y with very 

different genetic information. 

.. . the two pronuclei never fuse into one: Personal communication 

from Alan Trounson, Centre for Early Human Development, Monash 

Medical Center, Clayton, Australia, on 20 June 1996. 

So why is there suddenly a need: As of this writing, the contempo- 

rary meaning of the word pre-embryo has not been included in the 

on-line versions of the Oxford English Dictionary or the Merriam- 

Webster’s Collegiate, Tenth Edition, but is included in the 1992 version 

of the American Heritage Electronic Dictionary. 

The term pre-embryo has been embraced: The eminent biochemist 

Erwin Chargaff, who has long railed against the use of genetic engi- 

neering in all biological realms, had this to say shortly after the 

introduction of the term: “The ‘pre-embryo’ is a designation that 

appears to me entirely unjustified. I fear that it is merely an alibi 

function . . . The attempt to determine, by scientific means, the stage 

at which what for times immemorial had been called the human soul 

makes it appearance, is ridiculous. The setting of a calendar date 
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serves only as a permit for the performance of experiments that 

normal reverence before human life would have outlawed . . .” 

Erwin Chargaff, “Engineering a Molecular Nightmare,” Nature 327 

(1987): 199-200. 
i 

. the first committee ever commissioned by a government: In 

1982, the British Parliament established a committee for the purpose 

of examining “the social, ethical, and legal implications of recent 

and potential developments in the field of assisted human reproduc- 

tion.” The Warnock Committee—as it came to be known because 

of its chairperson, Mary Warnock—issued its report on 25 June 

1984. The report, with its sixty-three separate procedural and legal 

recommendations, had an enormous impact on the way reproductive 

technologies were viewed not only in Great Britain but around the 

world. The Warnock Committee was the first high-level governmen- 

tal commission to mention—let alone make recommendations on— 

in vitro fertilization, egg and embryo donation, embryo freezing, 

trans-species fertilization, nonhuman surrogate mothers, and many 

other more mundane reproductive technologies. 

“The embryo deserves respect greater than that accorded”: John Rob- 

ertson, Children of Choice: Freedom and the New Reproductive Techno- 

logies (Princeton, NJ.: Princeton University Press, 1994), p. 102. 

“modern genetic science brings valuable confirmation.”: Vatican 

Congregation for the Doctrine of the Faith, “Instruction on Respect 

for Human Life in Its Origin and on the Dignity of Procreation,” 

Origins, NC Documentary Service 16 (1987): 697-711. (Origins, NC 

Documentary Service is published weekly by the National Catholic 

News Service, Washington, D.C.) The complete text of the original 

document was also published in the New York Times (11 March 

1987), and in an abridged form in The Ethics of Reproductive Technol- 

ogy, ed. Kenneth D. Alpern (New York: Oxford University Press, 

1992), pp. 83-97. The parenthetical phrase in the Origins publica- 

tion was transformed into a footnote (on page Al4) of the New York 

Times version, which reads as follows: “The zygote is the cell pro- 

duced when the nuclei of the two gametes have fused.” 

“While the egg and sperm are alive as cells”: Leon Kass, “The Mean- 

ing of Life—In the Laboratory,” in Ethics, ed. Alpern, pp. 98-116. 
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But even at this stage: Paternal and maternal DNA molecules only 

interact and touch each other within the germ cells that lead to the 

formation of the next generation of sperm or eggs. In males, this 

doesn’t occur until puberty. In females, it occurs in the ovaries of 

the midgestation fetus. 

If a human life can begin in the absence of conception: Inversely, 

if conception does mark the beginning of all new human lives, then 

human beings cannot be cloned. While there is no scientific support 

for this alternative point of view, for the time being, it is the only 

conclusion that can be reached by those who refuse to give up their 

faith in the “life begins at conception” principle. This idea was pro- 

posed in an essay that I received by mail from Fr. Anthony Zimmer- 

man of Nagoya, Japan. Mr. Zimmerman believes that there is no 

need to talk about the implications of human cloning because it can 

never happen. 

And it’s the feelings of animals that we respect: The issue of respect 

for living things is somewhat more complicated than I have pre- 

sented here. One can imagine having respect for the survival of a 

particular species of animal or plant, or for a more complicated com- 

bination of living things that make up a particular ecosystem. This 

type of respect transcends the individual organism and resembles 

the kind of respect that we give to inanimate objects perceived as 

symbols, as will be discussed shortly. 

There are two given by Robertson: Robertson, Children of Choice, 

jy LO, 

_ millions of sperm in an ejaculate: The absurd notion that even 

sperm cells deserve respect is parodied by Monty Python in the song 

“Every Sperm Is Sacred,” written by Michael Palin and Terry Jones 

and performed in the movie The Meaning of Life. 

the Vatican has said that prenatal diagnosis is morally permissible: 

Origins, p. 702. 

“embryos are potent symbols of human life”: Robertson, Children of 

Choice, p. 252. 

“the preimplantation embryo warrants serious moral consideration”: 
Ad Hoc Group of Consultants to the Advisory Committee to the 



58 

58 

58 

59 

61 

Notes @ 331 

Director of the NIH, Report of the Human Embryo Research Panel, 

Vol. 1 (NIH publication number 95-3916, September 1994), p. x. 

4 FROM YOUR FIRST CELL TO YOU 

... to make an informed decision on the question of the emergence 

of human life: My own response to the question, When does human 

life emerge? has been greatly informed by the scientific arguments 

presented in Harold Morowitz and James Trefil, The Facts of Life 

(New York: Oxford University Press, 1992). 

The embryo still looks like a ball, or rather, a microscopic raspberry: 

This image was first suggested by Robert Edwards, one of the co- 

inventors of IVF, in his book Life Before Birth: Reflections on the 

Embryo Debate (London: Hutchinson, 1989), p. 50. 

Once a cell has undergone differentiation: A critical and fascinating 

exception to this rule occurs with the onset of some cancers when 

differentiated cells can revert to an earlier stage. This process of “de- 

differentiation” is caused by mutations in the cell’s genetic material 

that can occur long after a person is born. As we now know (since 

February 1997), a second, incredible exception is possible through 

the fusion of a differentiated cell with an unfertilized, nuclear-free 

egg. This process appears to allow the complete reversal of the differ- 

entiated state. 

_ a differentiated cell doesn’t lose any of its genetic information: 

This statement is almost universally true, but not quite. In certain 

cells of the immune system, tiny pieces of DNA are spliced out of 

particular chromosomal regions for the purpose of bringing together 

the building blocks of new genes that are unique to each individual 

cell. In addition, red blood cells eject their entire nuclei during the 

process of terminal differentiation. 

For women who use an Intrauterine Device (IUD): The IUD is in- 

serted by a physician directly into a woman’s uterus, where it can 

remain for a long time. The IUD does not block fertilization. Instead, 

it interferes with the implantation of the embryo into the uterine 

wall. 
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“Probably, most people unfamiliar with this field”: C. R. Austin, 

Human Embryos: The Debate on Assisted Reproduction (Oxford: Oxford 

University Press, 1989), p. 17. 

It is during this period that the fetus develops: There is a small 

number of reports of survival outside the womb at or before twenty- 

two weeks of gestation. Based on our understanding of fetal develop- 

ment, it is almost certain that the age of these fetuses was simply 

misdiagnosed, and they were older than they seemed at the time of 

their removal from the uterus. 

It is certainly possible, if not likely: Some progress toward the ulti- 

mate goal of ectogenesis—the word used to describe gestation out- 

side the human body—has been made by a team of Japanese 

scientists who have succeeded in keeping goat fetuses alive for three 

weeks in an incubator filled with artificial amniotic fluid. But this 

work represents only a tiny step toward the creation of a full-term 

artificial womb. The scientific reference for this work is N. Unno, 

Y. Kuwabara, T. Okai, K. Kido, H. Nakayama, et al., “Development 

of an Artificial Placenta: Survival of Isolated Goat Fetuses for Three 

Weeks with Umbilical Arteriovenous Extracorporeal Membrane Oxy- 

genation,” Artificial Organs 17 (1993): 996-1003. A news report of 

this work appeared in a story by Perri Klass entitled “The Artificial 

Womb Is Born” in the New York Times, 29 September 1996. 

Most brain cells are produced early in the pregnancy: Morowitz and 

Trefil, Facts, p. 117. 

“humanness and the ability to survive . . .”: Ibid., p. 146. 

The average time from conception to birth: Physicians often time a 

pregnancy from the first day of a woman’s last menstrual period. 

Since conception usually occurs about two weeks after the start of 

the menstrual cycle, the average length of a pregnancy measured in 

this way is 40.5 weeks, rather than 38.5. Alan F. Guttmacher and 

Irwin H. Kaiser, Pregnancy, Birth and Family Planning (New York: E. 

P. Dutton, 1984). 

. it is possible to conclude that you didn’t exist: Based on the 

notion of consciousness as the defining feature of human life, the 

philosopher Michael Tooley has argued that to maintain logical con- 

sistency, the newborn infant should be granted no more right to life 
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than an embryo or fetus. Based on this point of view, Tooley argues 
that early infanticide is morally acceptable. Michael Tooley, Abortion 

and Infanticide (New York: Oxford University Press, 1983.) 

5 BABIES WITHOUT SEX 

. . . the Vatican seems willing: This variation is described as follows 

in a sidebar to the previously cited Origins article: “Some Catholics 

have judged the technique [GIFT] acceptable provided that mastur- 

bation is not involved in collection of the sperm. A perforated con- 

dom is used during intercourse, with the sperm retrieved from the 

condom afterward . . . Monsignor Elio Sgreccia [a Roman Catholic 

priest and ethicist who contributed to the cited article] . . . said 

methods that seek to help marital intercourse attain fertility should 

be considered ‘within the range of licitness.’ . . . It is hoped that 

science would make available other fertility techniques that retain 

the conjugal act as the source of life and help it reach its full effect, 

Sgreccia said.” Vatican Congregation for the Doctrine of the Faith, 

“Instruction on Respect for Human Life in Its Origin and on the 

Dignity of Procreation,” Origins, NC Documentary Service 16 (1987): 

699. 

In an article in the New York Times by James Gleick (12 March 1987), 

the rationale for the perforated condom is explained: “Catholic medical 

authorities said sperm for such procedures could be obtained ethically by 

using a condom deliberately pierced with holes to allow some sperm to 

escape. A standard condom is unacceptable to the Church, since it is a 

means of contraception, even if the ultimate goal is to conceive a child.” 

Of course, contraception has no meaning in the context of an 

infertile couple since conception will not occur whether the holes are 

there or not. This leads to the question of how big the holes must 

be. If one sperm gets through, is that enough? Or must the holes 

be large enough to allow tens, hundreds, or thousands of sperm to 

get through? No matter how many get through, conception can’t 

possibly occur in a woman with blocked fallopian tubes. Then 

there’s the added complication that different subfertile men are likely 

to have widely different concentrations of sperm in their semen. 

In contrast, when women conspire to bring about fetal development: 
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In a similar vein, the Catholic philosopher Oliver O'Donovan has 

written, “I confess that I do not know how to think of an IVF child 

except . . . as the creature [original emphasis] of the doctors who 

assisted at her conception.” Oliver O’Donovan, “Begotten or Made?” 

in The Ethics of Reproductive Technology, ed. Kenneth D. Alpern (New 

York: Oxford University Press, 1992), pp. 195-202. 

“reproductive technologies ... . are transforming”: Gena Corea, The 

Mother Machine (New York: Harper & Row, 1985), pp. 288-90. 

6 IN VITRO FERTILIZATION AND THE DAWN 
OF A NEW AGE 

Robert Edwards—the original figure: Edwards, Life Before Birth, p. 

126. 

. techniques perfected by other mouse embryologists: The first 

documented transfer of embryos from one mammal to another was 

reported in 1890 by Walter Heape in a paper entitled “Preliminary 

Note on the Transplantation and Growth of Mammalian Ova within 

a Uterine Foster-Mother,” Proceedings of the Royal Society 48 (1890): 

457-58. Heape transferred embryos that had resulted from a mating 

between two “Angora” rabbits into the fallopian tube of a “Belgian 

hare.” The Belgian hare gave birth to two rabbits with all of the 

unique characteristics of the Angora breed including albino fur color, 

“long silky hair peculiar to the breed,” and “a habit of slowly swaying 

their head from side to side as they look at you.” In effect, the 

Belgian hare that Heape experimented on represents the first mam- 

mal ever to have given birth to offspring that were not genetically 

her own. 

The problem was not in getting fertilization: Edwards and Steptoe 

first reported their success at human in vitro fertilization in an article 

entitled “Early stages of fertilization in vitro of human oocytes ma- 

tured in vitro,” published in Nature 221 (1969): 632. A quarter of 

a century earlier, John Rock and Miriam Menkin, working at Harvard 

Medical School, claimed to have accomplished this task (“In Vitro 

Fertilization and Cleavage of Human Ovarian Eggs,” Science 100 
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(1944): 105-107), but modern methods of analysis suggest that they 
may have misinterpreted their data. 

In 1985, the first year that a survey of U.S. clinics was performed: 

Statistical data compiled from all registered IVF centers in the United 

States by the Society for Assisted Reproductive Technology (SART) 

are published each year by the American Society for Reproductive 

Medicine (ASRM) in the journal Fertility and Sterility. Summary infor- 

mation is also available on World Wide Web pages maintained by 

ASRM. Their web site address is http:/Avww.asrm.com. To purchase 

written reports, contact the ASRM at 205-978-5000. 

By 1994, more than thirty-eight countries had established IVF pro- 

grams: Information on the worldwide use of IVF is extracted from 

a survey conducted by the pharmaceutical company Organon in 

1994 and available on the World Wide Web at http:/Awww.bris.a- 

c.uk/Depts/ObsGyn/crim/ivf94. html. 

At a typical IVF clinic: P. J. Neumann, et al., “The Cost of a Success- 

ful Delivery with In Vitro Fertilisation,” New England Journal of Medi- 

cine 331 (1994): 239-43 and 270-71. 

The desire to have and raise a child: In the essay “Genetic Puzzles 

and Stork Stories: On the Meaning and Significance of Having Chil- 

dren,” the philosopher Kenneth Alpern explores the broad range of 

answers given by people who are asked why they want to have 

children, and the so-called validity of each answer. The Ethics of 

Reproductive Technology, ed. Kenneth D. Alpern (New York, Oxford 

University Press, 1992), pp. 147-69. 

Actually, they all do, otherwise they wouldn't be present: Although 

I've made the statement that all our genes play a role in making us 

“fit” from a Darwinian perspective, this may not be entirely true 

according to some models of evolution. There are hundreds of thou- 

sands of genetic segments within our chromosomes that appear to 

function for their own benefit rather than for the benefit of the 

organism within which they lie (meaning you and me). These genetic 

segments are referred to as “selfish DNA” when they are small, or 

“selfish chromosomes” when they are large (not to be confused with 

the “Selfish Gene,” a term coined by Richard Dawkins and the title 

of the book in which he presents the view that all genes—by defini- 
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tion—act in a manner that is fundamentally selfish). 

Readers who would like to lea more about selfish DNA and 

selfish chromosomes can turn to review articles by the author and 

others: L. M. Silver, “The Peculiar Journey of a Selfish Chromosome: 

Mouse t Haplotypes and Meiotic Drive,” Trends in Genetics 9 (1993): 

250-54. L. E. Orgel and F. H. C. Crick, “Selfish DNA: The Ultimate 
Parasite,” Nature 284 (1980): 604-607. W. F. Doolittle and C. Sapie- 

nza, “Selfish Genes, the Phenotype Paradigm and Genome Evolu- 

tion,” Nature 284 (1980): 601-603. 

One of these is an innate fear of snakes: Edward O. Wilson, In 

Search of Nature (Washington, D.C.: Island Press, 1996), pp. 18-30. 

Ultimately, the emotional desire to have children: There are still 

gene critics in the social sciences who refuse to accept the idea that 

the human desire to have children is instinctual. They claim instead, 

“the notion that a desire for children is natural and instinctive might 

also be considered a nonconscious ideology,” which is based on a 

“social construct.” H. B. Holmes, Issues in Reproductive Technology 

(New York: Garland Publishing, 1992), p. 271. In other words, the 

only reason people want to have children is because society makes 

them feel that way without their realizing it. Those who spout such 

nonsense clearly lack even a modicum of understanding of evolution 

in general, or the genetic contribution to behavioral predispositions 

in particular. 

For the vast majority of people: According to a 1990 Gallup poll, 

84 percent of childless adults under the age of forty would like to 

have children, and 60 percent of childless adults aged forty or older 

wish they had children. 

And the overall success rate: It is not possible to come up with a 

single figure to describe the rate at which IVF succeeds as a treat- 

ment for infertility. Since the IVF industry in the United States is 

totally unregulated, any licensed physician can set up a private IVF 

clinic. As a result, there are many clinics with outdated equipment 

or less than fully competent practitioners who achieve very low rates 

of success (even as low as 0 percent). National surveys do not distin- 

guish between good and bad clinics, and as a consequence, the 

average success rates reported are low and quite meaningless. 

Even at the best clinics, the rate of success will vary tremen- 
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dously according to the nature of the fertility problem, if any; the 
age of the potential parents; and many other factors. In the best 

circumstances, when IVF is used simply as means for selecting non- 

diseased embryos (as described in chapter 17) for introduction into 

a young fertile woman, the rate of successful pregnancy and birth 

can be as high or higher than that achieved naturally. 

Furthermore, the rapid-response events: M. Maleszewski, Y. Kimura, 

and R. Yanagimachi, “Sperm Membrane Incorporation into Oolemma 

Contributes to the Oolemma Block to Sperm Penetration: Evidence 

Based on Intracytoplasmic Sperm Injection Experiments in the 

Mouse,” Molecular Reproduction and Developmental Biology 4 (1996): 

256-59. 

The process is called Round Spermatid Nucleus Injection or ROSNI: 

The IVF field is loaded with acronyms. It seems that any improve- 

ment in IVF technology, no matter how insignificant, is given its 

very own name. Many fall quickly by the wayside, but others become 

established terms. In addition to IVF, ICSI, and ROSNI, other estab- 

lished acronyms include GIFT (Gamete Intrafallopian Transfer), ZIFT 

(Zygote Intrafallopian Transfer), TET (Tubal Embryo Transfer), PZD 

(Partial Zona Dissection), and SUZI (Sub-Zonal Insertion). Another 

acronym, ART—for Assisted Reproductive Technology—is the um- 

brella term that the profession itself uses to encompass all of the 

various technical variations upon the IVF concept. To most members 

of the general public, however, it’s all IVF. And my own feeling, as 

well, is that IVF represents the concept of in vitro fertilization rather 

than any particular technique. So, IVF is the term that I use in this 

book to refer to any protocol that involves fertilization in the labora- 

tory followed by embryo transfer back into a living body. 

Ralph Brinster, at the University of Pennsylvania: R. L. Brinster and 

J. W. Zimmermann, “Spermatogenesis Following Male Germ-Cell 

Transplantation,” Proceedings of the National Academy of Sciences 91 

(1994): 11298-302. 

_. “change the nature of our species”: editorial entitled “Exploring 

Life as We Don’t Yet Know It,” Nature (7 March 1996): 89. 

More than 75 percent of Americans now feel: Results of a survey 
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conducted for Family Circle magazine by Princeton Survey Research 

Associates in May 1994. 

“Any change in custom”: Sophia J. Kleegman and Sherwin A. Kauf- 

man, Infertility in Women (Philadelphia: F. A. Davis, 1966), p. 178. 

. a hypothetical scenario in which genetic engineering: The use 

of genetic technology to provide immunity to infection by the AIDS- 

causing virus HIV is no longer just hypothetical. In 1996, researchers 

demonstrated the existence of a small proportion of men who were 

HIV-resistant because they carried a particular form (allele) of a 

particular gene. This information could be used to genetically engi- 

neer embryos so that the children who emerged would, indeed, be 

HIV-resistant as well. 

7 FROZEN LIFE 

Zoe Leyland became the first human child: “The New Origins of 

Life,” Time, 10 September 1984, p. 40. 

“a solution to the collection of excess oocytes”: Alan Trounson, 

“Preservation of Human Eggs and Embryos,” Fertility and Sterility 46 

(1986): 1-12. 

.. . hundreds of women in Italy: Quoted in article by Fred Barbash 

in the Washington Post, “British Law to Thaw 3,000 Embryos,” 1 

August 1996. 

8 FROM SCIENCE FICTION TO REALITY 

Ninety percent of Americans polled: Data extracted from a Time/ 

CNN poll taken over 26 and 27 February 1997, and reported in 

Time on 10 March 1997; also an ABC Nightline poll taken over 

the same period, with results reported in the Chicago Tribune on 2 

March 1997. 

. .. was called “morally despicable,” “repugnant,” “totally inappropri- 

ate,”: Quotes from the bioethicist Arthur Caplan in The Denver Post, 

24 February 1997; the bioethicist Thomas Murray in the New York 
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Times, 6 March 1997; Congressman Vernon Elders in the New York 

Times, 6 March 1997; and evolutionary biologist Francisco Ayala in 
The Orange County Register, 25 February 1997. 

Most unhappy of all were those associated: James A. Geraghty, presi- 

dent of Genzyme Transgenics Corporation (a Massachusetts biotech 

company) testified before a Senate committee that “everyone in the 

biotechnology industry shares the unequivocal conviction that there 

is no place for the cloning of human beings in our society.” (Wash- 

ington Post, 13 March 1997). 

. . two out of three Americans: Data obtained from a Yankelovich 

poll of 1,005 adults reported in the St. Louis Post-Dispatch on 9 March 

1997 and a Time/CNN poll reported in the New York Times on 5 

March 1997. 

. . . it might not be possible at all to transfer the technology: Leonard 

Bell, president and chief executive of Alexion Pharmaceuticals, is 

quoted as saying, “There is a healthy skepticism whether you can 

accomplish this efficiently in another species.” In the New York 

Times, 3 March 1997. 

. “it would take years of trial and error”: Interpretation of the 

judgments of scientists reported by Michael Specter and Gina Kolata 

in the New York Times, 3 March 1997, and by Wray Herbert, Jeffrey 

L. Sheler, and Traci Watson in U.S. News & World Report, 10 

March 1997. 

. “there is no clinical reason why you would do this”: Quote 

from Ian Wilmut, the scientist who brought forth Dolly, in article 

by Tim Friend for USA Today, 24 February 1997. 

The direct injection of sperm into eggs (ICSI): The main concern 

with ICSI was based on the notion that, in the natural process of 

fertilization, genetically healthy sperm beat out genetically unhealthy 

sperm. Following this line of reasoning, if the reprogeneticist instead 

chooses the sperm for fertilization, competition among sperm is not 

allowed to occur and a higher percentage of “genetically defective” 

sperm will take part in the formation of embryos. Although a num- 

ber of prominent physicians express this concern, there is no scien- 

tific data, or even a conceptual framework, to support it. On the 

contrary, the vast majority of new mutations will have no effect on 
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a sperm’s ability to carry out fertilization. Consequently, sperm that 

carry mutations will behave no differently than sperm that don’t 

carry mutations. But it is still the case that the safety of any new 

medical technology can never be determined in the absence of exper- 

imental data. 

The word clone: H. J. Webber first used the word clon in the 16 

October 1903 issue of Science, p. 502. C. L. Pollard modified the 

spelling to clone in the 21 July 1905 issue of Science, p. 88. The 

word clone is derived from klon, the Greek word for twig. 

Among single-cell organisms like bacteria: Indeed, to molecular biol- 

ogists and microbiologists, the word clone brings to mind a colony 

of bacteria rather than a colony of people. And since 1975, the word 

has had a special meaning in the context of a “DNA clone” or “gene 

clone.” In these terms, a clone refers to the millions or billions of 

identical copies of a specific fragment of human or mouse DNA, for 

example, generated in a clone of bacterial cells through the use of 

recombinant DNA technology. 

The use of “nuclear transplantation”: R. Briggs and T. J. King, 

“Transplantation of Living Nuclei from Blastula Cells into Enucleated 

Frogs’ Eggs,” Proceedings of the National Academy of Sciences USA 38 

(1952): 455-63. 

. . . John Gurdon, who finally succeeded: J. B. Gurdon, “Trans- 

planted Nuclei and Cell Differentiation,” Scientific American 219 

(1968): 24-35. 

... “the cloning of mammals by simple nuclear transfer”: J. McGrath 

and D. Solter, “Inability of Mouse Blastomere Nuclei Transferred to 

Enucleated Zygotes to Support Development In Vitro,” Science 226 

(1984): 1317-19. 

The idea began to filter into the public consciousness: The rapid 

change in the public perception of a clone can be seen in a science 

fiction novel published in 1965 that was entitled simply The Clone, 

by T. L. Thomas and K. Wilhelm (New York: Berkley, 1965). In 

this book, the clone is an organism that replicates itself asexually in 

the classical sense of the word as it was originally used for colonies 

of bacteria or yeast. There was no indication in this book that a 

clone could possibly be used to describe people or even animals. 
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And yet, within less than a decade, the public perception of a clone 
became directly focused on human beings. 

“One of the more fantastic possibilities”: Alvin Toffler, Future Shock 

(New York: Random House, 1970), p. 197, from the Bantam paper- 

back edition. 

. . several years later his publisher was forced: Although his pub- 

lisher was forced to capitulate in response to a lawsuit, Rorvik him- 

self never wavered from his claim that what he had written was true. 

Two decades later, the issue was revived with the announcement of 

Dolly’s birth. Writing for the June 1997 on-line issue of Omni maga- 

zine (http://www.omnimag.com), Rorvik now sees his vindication in 

the demonstration that mammalian cloning really is possible and 

relatively easy to accomplish. Most scientists, however, still believe 

that the technical expertise and knowledge was simply not available 

for cloning to be carried out successfully in 1978. 

. . a report that two George Washington University scientists: J. L. 

Hall, D. Engel, G. L. Motta, P. R. Gindoff and R. J. Stillman, “Experi- 

mental Cloning of Human Polyploid Embryos Using an Artificial 

Zona Pellucida,” American Fertility Society program supplement: Ab- 

stracts of the Scientific Oral and Poster Sessions S1 (1993). 

The experiment was terminated at this point: Actually, the scientists 

had purposely chosen to use embryos that had undergone fertiliza- 

tion with two sperm and, as such, would not be viable for more 

than a few days. They had assumed that by experimenting on such 

embryos—which have no potential to reach even the earliest stages 

of fetal differentiation—they could avoid ethical concerns. Their ex- 

periment was preapproved by their hospital's ethical review board, 

whose chairperson, Gail Povar, later said, “What we're talking about 

here is nonviable human chromosomal tissue. I don’t consider this 

to be human cloning. I consider it the manipulation of pathological 

specimens.” (Quoted in New Scientist, 30 October 1993, p. 7). 

In addition, it is important to point out that many other scien- 

tists in the field of reproductive biology saw nothing original in the 

work performed by Hall and Stillman. Techniques for splitting ani- 

mal embryos were well established many years earlier, and tech- 

niques for separating cells of the human embryo were also 

commonly practiced by this time as a means for obtaining biopsy 
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material for genetic diagnosis as described in chapter 17. The only 

addition made by Hall and Stillman was to allow multiple separated 

cells from the same embryo to remain alive and undergo further 

divisions in a laboratory dish over a period of a few days. 

But even the normal practice of IVF: Of the 6,870 children born by 

IVF in the United States in 1993, 65.9 percent were singletons, 27.5 

percent were twins, 5.4 percent were triplets, and 0.4 percent were 

quadruplets or quintuplets, as reported in the July 1995 issue of 

Fertility and Sterility. 

The Vatican called it a “perverse choice”: Article entitled “Cloning: 

Where Do We Draw the Line?” by Philip Elmer-Dewitt in Time, 8 

November 1993, p. 64. 

Biotech critic Jeremy Rifkin: Ibid. 

“Scientist Clones Human Embryos and Creates an Ethical 

Challenge”: 

The first news report, with this title, was written by Gina Kolata 

and published in the New York Times on 24 October 1993. 

The first step was accomplished: J. McGrath and D. Solter, “Nuclear 

Transplantation in the Mouse Embryo by Microsurgery and Cell 

Fusion,” Science 220 (1983): 1300-02. 

The next advance on the way to Dolly: S. M. Willadsen, “Nuclear 

Transplantation in Sheep Embryos,” Nature 320 (1986): 63-65. 

. . an unfertilized egg is chock-full of signal proteins: The assump- 

tion is that the critical signals are no longer present in the cytoplasm 

of a fertilized egg because they have already jumped onto the sperm 

DNA that previously entered the cell. 

Eight more years went by: N. L. First and M. Sims (1994) “Produc- 

tion of Calves by Transfer of Nuclei from Cultured Inner Cell Mass 

Cells,” Proceedings of the National Academy of Sciences, USA 90: 

6143-47. 

. a technician in First’s laboratory: Reported by Michael Specter 

and Gina Kolata in the New York Times, 3 March 1997. 

“Sheep Cloned by Nuclear Transfer from a Cultured Cell Line”: K. 
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H. S. Campbell, J. McWhir, W. A. Ritchie, and I. Wilmut, Nature 

380 (1996): 64-66. 

Dolly’s existence was announced to the scientific community: I. Wil- 

mut, A. E. Schnieke, J. McWhir, A. J. Kind, and K. H. S$. Campbell, 

“Viable Offspring Derived from Fetal and Adult Mammalian Cells,” 

Nature 385 (1997): 810-13. 

9 HUMAN “CUTTINGS” 

In fact, there is no scientific basis: As I describe in the text, the 

major genetic risks associated with natural reproduction are likely 

to be reduced for children born through cloning. However, various 

scientists have suggested that other genetic problems—unique to 

the cloning process—could arise. Three specific concerns have been 

mentioned. 

The first concern focuses on specialized DNA structures called 

telomeres that act as protective sealing agents at both ends of every 

chromosome. During the normal process of DNA copying that oc- 

curs with each cell duplication, the telomeres get whittled down 

slightly. Some scientists believe that the gradual loss of telomeres 

over a lifetime is a major—perhaps even the primary—contributing 

factor to aging. But obviously, there must be a way to build te- 

lomeres back up in each new person and animal, or life on earth 

would go extinct. A special cellular enzyme called telomerase does 

just that, but it appears to be present only in germ cells and the 

early embryo. So the worry is that the donor cell used for cloning 

will have “aged” chromosomes that will impart a shorter life span, 

and perhaps increased disease susceptibility, to the child that is 

born. 
Although this possibility can’t be ruled out until animal experi- 

mentation is completed, it seems unlikely owing to a fundamental 

principle of developmental biology—feedback compensation. An 

embryo can break into four separate parts—each a quarter the size 

of the original—and yet the identical quadruplets that emerge are 

all full-size children. Similarly, it seems likely that the early embryo 

will compensate for telomere lengths that are initially shorter than 

normal by working harder to bring them up to full size. 
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The second concern focuses on a process known as genomic 

imprinting, which refers to the finding (in the last fifteen years) that 

certain genes function differently depending on whether they are 

received from the mother or the father. These functional differences 

are maintained by chemical modifications of the DNA. There is some 

concern that the genomic imprinting of DNA in donor cells used 

for cloning will be different from the imprinting found in a normal 

one-cell embryo, and that such a difference could affect develop- 

ment. Although, once again, we won't know for sure if this is a 

problem until experiments in animals are completed, the very fact 

that Dolly turned out to be a healthy lamb suggests otherwise (at 

least for sheep). If healthy monkeys can be born through cloning 

(from adult cells), then genomic imprinting in humans won't be a 

problem either. 

The final concern focuses on chromosome remodeling. This is not 

a genetic concern per se, but a biochemical one. In order for cloning 

to work, the protein signals present on the donor cell DNA must 

be replaced by protein signals provided by the egg. If all the protein 

replacements are not made precisely as required, the correct develop- 

mental program of gene activity will not be carried out. Incomplete 

chromosome remodeling is probably responsible—to a large ex- 

tent—for there being only one sheep born out of the 277 embryo- 

donor cell fusions accomplished by Ian Wilmut. 

In the end, chromosome remodeling is likely to represent the 

predominant technical concern in a consideration of the feasibility 

and safety of cloning. Although I suspect that the success rate of 

proper chromosome remodeling will go up dramatically with further 

experimentation and optimization of conditions, a method for distin- 

guishing between “properly remodeled” and “bad” embryos will 

probably be required to allow routine cloning to be performed on 

human beings. 

. . . cloning is “against God’s will”: Data extracted from a Time/CNN 

poll taken over 26 and 27 February 1997 and reported in Time on 

10 March 1997, an ABC Nightline poll taken over the same period, 
and poll results reported in the Chicago Tribune on 2 March 1997. 

“Its a horrendous crime to make a Xerox (copy) of someone”: 

Quoted in article by Jeffrey Kluger in Time, 10 March 1997. 
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“Can the cloning create a soul?”: Quoted in article by Carol McGraw 
and Susan Kelleher for the Orange County Register, 25 February 

1997. 

“cloning would only produce humanoids”: Quoted in the on-line 

version of the Arlington Catholic Herald (http:/Avww.catholicherald.c 

om/ bissues.htm) on 16 May 1997. 

“synthetic humans would be easy prey”: New York Times editorial, 

28 February 1997. 

. . a nationwide search conducted over a two year period: Actually, 

one person was identified who showed tissue compatibility, but he 

backed out at the last minute, refusing to go through what is an 

intense and time-consuming protocol. 

Fourteen months later, the bone marrow transplant: This true life 

story was made into a television movie in 1993 called “For the Love 

of My Child: The Anissa Ayala Story.” 

. instead of having genetic material that-was 99.95 percent the 

same: Any two randomly chosen human beings are 99.9 percent 

genetically the same as each other, even if they have no ancestors 

in common for as far back as they can tell. If my genetic material 

is 99.9 percent the same as yours, then what do geneticists mean 

when they say that brothers and sisters share just 50 percent of 

their genes in common? The answer is that this 50 percent refers 

only to a proportion of the genetic difference that normally distin- 

guishes two people from each other. In other words, I am 99.90 

percent similar to an unrelated person, but 99.95 percent similar to 

my brother Bruce. 

“It’s absolutely ethically wrong to have a child as a donor”: Quoted 

in article by Craig Quintana in the Orlando Sentinel Tribune, 2 

April 1990. 

“You are treating a human being as an object”: Article by Mike 

Graham in The Sunday Times (London), 1 April 1990. 

“Children are not medicine for other people”: Quoted in article by 

Michael Specter in the Washington Post, 25 March 1990. 

“What they’re doing is ethically very troubling”: Quoted in an article 



346 

Dao 

Delo 

Dals2 

Dalkey 

p. 136 

p. 137 

REMAKING EDEN 

by David Gorgan, Nancy Matsumoto, and Kristina Johnson in People, 

5 March 1990. 

“I can’t think of a morally acceptable reason to clone a human 

being”? Quoted in Time, 10 March 1997. 

Bioethicists and others who condemned the Ayalas: A number of 

the critics, including Arthur Caplan, admitted that the Ayalas were 

not being unethical based on their statement that they would love 

the child whether she was a match for Anissa or not. Instead, many 

suggested that what really worried them was the possibility that 

other families in need of a donor would have repeated abortions 

until a pregnancy was achieved with a compatible fetus. According 

to John Fletcher and others, this was clearly unethical. I must admit 

I don’t understand the logic behind this kind of pronouncement 

from bioethicists who are otherwise pro-choice. If one accepts a 

woman's right to have an abortion for any reason that she chooses, 

then it seems that donor incompatibility is just as good a reason as 

“1 don’t feel like having a baby at the moment.” 

Can anybody out there provide a universal definition: The Washington 

Post, 25 March 1990. 

. millions of people still have babies without any forethought at 

all: As late as 1987, the Alan Guttmacher Institute estimated that 

54 percent of all pregnancies in the United States were unintended, 

as quoted in The Record on 15 April 1990. 

The child that is born would be related by genes to one mother: 

The woman whose genetic material was used to create the child is 

not the genetic mother, as we will discuss more fully below. But 

since she will be raising the child in the context of a family, it is 

still appropriate to call her a mother. 

How many people would actually want to clone themselves?: The 

same percentage was obtained in a Time/CNN poll taken over 26 

and 27 February 1997 and reported in Time magazine on 10 March 

1997, and an ABC Nightline poll taken over the same period, with 

results reported in the Chicago Tribune on 2 March 1997. The ABC 

poll question was “If it becomes possible, would you personally like 

to be cloned—to have a child who would look exactly like you and 

have an exact copy of your own genes?” 
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. “engineering someone’s entire genetic makeup” Op-ed piece by 

Daniel Callahan in the New York Times, 26 February. 1997. 

. “cloning’s identicality would restrict evolution”: Column by 

William Safire in the New York Times, 27 February 1997. 

“What nonsense, what utter utter nonsense”: Speaking at a Senate 

committee hearing on cloning as quoted in an article by Gina Kolata 

in the New York Times, 13 March 1997. 

Bahamas-based company called Clonaid: The Business. Wire, 10 

March 1997. 

For in the end, international borders can do little: On March 6, 

1997, the Roslin Institute, home of Dolly, was granted two interna- 

tional patents for the “cloning of animals,” by the World Intellectual 

Property Organization (WIPO), a United Nations agency based in 

Geneva, Switzerland. The patent application was purposely worded 

to be inclusive of human cloning so that the inventors could use it 

as a legal vehicle to try to prevent this particular application from 

being used by anyone else (since the Roslin scientists are strongly 

opposed to it). It is doubtful, however, that the fear of patent in- 

fringement will have any effect on cloning enterprises that operate 

in countries that refuse to accept the WIPO ruling. And in any case, 

the patent expires in 2017. 

10 WHERE WILL CLONING LEAD US? 

Skin cells can’t be converted into bone marrow cells: At least not 

yet! We also thought until recently that none of these adult cells 

could be converted back into an embryo. 

. embryologists in the United States and England: G. R. Martin, 

“Isolation of a Pluripotent Cell Line from Early Mouse Embryos 

Cultured in Medium Conditioned by Teratocarcinoma Stem Cells,” 

Proceedings of the National Academy of Sciences U.S.A. 78 (1981): 

7634-38; M. J. Evans and M. H. Kaufman, “Establishment in Culture 

of Pluripotential Cells from Mouse Embryos,” Nature 292 (1981): 

154-56. 
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11 THREE MOTHERS AND TWO FATHERS 

a child can now have two bio-moms: With cloning, the number of 

possible bio-moms increases to three. In addition to the gene-mom 

and birth-mom, a third woman can contribute the egg cytoplasm. 

The egg cytoplasm carries organelles called mitochondria that con- 

tain their own DNA, which is copied and transmitted to every cell 

in the body. The amount of genetic information carried by mito- 

chondria is 200 million times less than that carried in the nucleus 

of a human cell, and it typically makes no contribution to inherited 

differences among individual people. However, there are some very 

rare diseases caused by mutations in mitrochondrial DNA. A woman 

who carries such a disease could pass it on through an unfertilized 

egg used in the process of cloning (with a nucleus obtained from 

another woman). 

Having a Baby Without a Man: Susan Robinson and H. F. Pizer (New 

York: Simon & Schuster, 1985). 

If she desires an anonymous source: Sperm banks accredited by The 

American Association of Tissue Banks are listed at the following web 

site: http://www fertilitext.org/banks. html. 

up to 6 million children may be living in such families: Carole 

Cullum, “Co-Parent Adoptions: Lesbian and Gay Parenting,” Trial 

29 (1993): 28. 

an egg, a sperm nucleus, and a womb: My inclusion of a womb, 

rather than a woman, as -a biological ingredient, is not meant to 

dehumanize women or to suggest that they are simply babymaking 

machines. Rather, it is to keep the list of ingredients as specific as 

possible. A womb will always be required for fetal development, but 

it need not be a uterus, nor even inside a woman, as we will discuss 

in chapter 16. 

.. . 2 million infertile American couples: Martha A. Field, Surrogate 

Motherhood (Cambridge, Mass.: Harvard University Press, 1988), p. 

162. 
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12 CONTRACTING FOR A BIOLOGICAL 
MOTHER 

A 1978 Time magazine article: “The Cloning Era Is Almost Here,” 
19 June 1978, p. 100. 

. .. the term surrogate mother: The definition of a “surrogate mother” 

in the Oxford English Dictionary (OED) is “A woman whose preg- 

nancy arises from the implantation in her womb of a fertilized egg 

or embryo from another woman.” But this definition is followed by 

the contradictory example of a surrogate who conceives through the 

process of artificial insemination. The OED definition describes what 

we now refer to as gestational surrogacy, while the OED example is 

one of traditional surrogacy. A better all-encompassing definition of 

surrogate motherhood is provided by The Encyclopaedia Britannica as 

“a practice in which a woman (the surrogate mother) bears a child 

for a couple unable to produce children in the usual way, usually 

because the wife is infertile or otherwise unable to undergo 

pregnancy.” 

“she is the actual mother’: Martha A. Field, Surrogate Motherhood 

(Cambridge, Mass.: Harvard University Press, 1988), p. 5. 

the pregnant woman is indeed a biological surrogate: Strictly speak- 

ing, the surrogate mother should be considered only a prospective 

surrogate during the time she is pregnant. Her full status as a surro- 

gate mother would only be conferred after her pregnancy is com- 

pleted and she has relinqushed the baby. 

they will have to tur to a commercial surrogacy agency: A recent 

alternative is the use of classified advertisements posted by women 

who wish to act as surrogates and others who desire the services of 

a surrogate. The American Surrogacy Center, Inc. maintains lists of 

both types—with messages, personal descriptions, and sometimes 

photos—at its World Wide Web site (http://www.surrogacy.com). 

Working directly with a prospective surrogate rather than going 

through an agency entails certain risks that will be discussed shortly. 

Total costs can run up to $50,000: This figure is based on informa- 

tion provided by the Center for Surrogate Parenting & Egg Donation 

at its web site (http://Awww.surroparenting.com/surrpar.html). 
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when, for example, a mother or sister acts as a surrogate mother: 

Leon Kass, “The Meaning of Life—In the Laboratory,” in Ethics, ed. 

Alpern, p. 98-116. 

“What is fundamentally unethical about surrogate mother arrange- 

ments”: Herbert T. Krimmel, “Surrogate Mother Arrangements from 

the Perspective of the Child,” in The Ethics of Reproductive Technology, 

ed. Kenneth D. Alpern (New York: Oxford University Press, 1992), 

pp. 57-70. 

... “feel no less bonded to their children than responsible genetic 

parents”: Margaret Jane Radin, “Market-Inalienability,” in Ibid., pp. 

174-94. 

a few prominent ethicist-lawyers, such as John Robertson: John Rob- 

ertson, Children of Choice: Freedom and the New Reproductive Techno- 

logies (Princeton, N. J.: Princeton University Press, 1994), pp. 

130-32. 

“Symbolic arguments and pejorative language seem to make up the 

bulk”: Lori Andrews, “Surrogate Motherhood: The Challenge for 

Feminists,” in Ethics, pp. 205-19; reprinted from Lori B. Andrews, 

“Surrogate Motherhood: The Challenge for Feminists,” Law, Medicine 

and Health Care 16 (1988): 72-80. 

“T find it extremely insulting that there are people saying”: Ibid. 

... time commitment and discomfort experienced by an egg donor: 

As pointed out by various critics, the use of the term “donor” to 

describe the individual who provides sperm or eggs is not strictly 

appropriate when the donor is paid for his or her donation. Never- 

theless, like so many other not-strictly-appropriate reprogenetic 

phrases, this terminology has become widely accepted and used by 

the public and the media. As such, I will continue to use it through- 

out this book. 

“Seeing her, holding her, she was my child”: Field, Surrogate, p. 3. 

In addition to New Jersey, a number of states: Legality can be deter- 

mined in two ways—through court decisions in response to lawsuits 

brought when surrogacy disputes arise (case law), or through stat- 

utes passed by state legislatures (statutory law). The legal status of 

surrogacy in any state is always subject to change with new legisla- 
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tion or new court decisions. In many states not mentioned here, the 
prevailing law is still in flux at the time of this writing. Those inter- 
ested in the current status of surrogacy law in any state should 

consult the World Wide Web site maintained by The American 

Surrogacy Center, Inc. and their coded map of the United States at 

http://www.surrogacy.com/legals/map. html. 

No surrogate should be allowed to participate in a program: Quoted 

from material posted at the web site maintained by The American 

Surrogacy Center (http://www.surrogacy.com/agencies/articles/litz/ 

index.html). 

13. BUYING AND SELLING SPERM AND EGGS 

artificial insemination by donor: Until the mid-1980s, the term “Arti- 

ficial Insemination by Donor” with the acronym AID was more com- 

monly used. But the similarity of this acronym to AIDS (which, by 

chance, also has a connection to sperm and semen) can cause confu- 

sion. For this reason, the use of the term “Donor Insemination,” 

with its acronym DI, has become more common. 

The Italian priest and physiologist: John Timson, “Lazzaro Spallan- 

zani’s seminal discovery,” New Scientist, 13 December 1979; K. J. 

Betteridge, “An Historical Look at Embryo Transfer,” Journal of Re- 

production and Fertility 62 (1981): 3. 

And in the 1790s, the Scottish physician: Gina Maranto, Quest for 

Perfection: The Drive to Breed Better Human Beings (New York: 

Scribner, 1996), p. 132. 

_. “the handsomest student in his class”: Quoted in Robert Fran- 

coeur, Utopian Motherhood: New Trends in Human Reproduction (Lon- 

don: George Allen & Unwin, 1971) pp. 11-13. 

Some legislatures and courts: Gena Corea, “The Subversive Sperm: 

A False Strain of Blood,” in Ethical Issues in the New Reproductive 

Technologies, ed R. Hull (Belmont, Calif.: Wadsworth, 1990), pp. 

56-68; Maranto, Quest, pp. 169-72. 

The donor may not be feeling particularly well: R. Snowden and G. D. 
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Mitchell, The Artificial Family: A Consideration of Artificial Insemination 

by Donor (London: George Allen & Unwin, 1981), pp. 68-69. 

. . almost always excluded unmarried women and lesbians: Office 

of Technology Assessment, U.S. Congress, Artificial Insemination: 

Practice in the United States: Summary of a 1987 Survey—Background 

Paper, OTA-13P-BA-48. (Washington, D.C.: United States Govern- 

ment Printing Office, 1988). 

And beginning in 1978, a series of women-friendly health centers: 

Ibid. The first of these were the Vermont Women’s Health Center 

and the Oakland Feminist Women’s Health Center in Oakland, Cali- 

fornia, which has its own sperm bank. A comprehensive list of fertil- 

ity doctors and sperm banks that are friendly to single women and 

lesbians is provided at the “Lesbian Mom’s Web Page”: http:// 

www.lesbian.org/moms/drs_—sb.htm. 

A comprehensive 1987 U. S. government survey: Office of Technol- 

ogy Assessment, Artificial Insemination. 

.. . the Center for Surrogate Parenting & Egg Donation: See http:// 

www.surroparenting.com. 

What this fertility center and others: See for example The Atlanta 

Reproductive Health Centre at the World Wide Web address: 

httpp://Awww.ivf. com/dnr2col.html. 

Thomas M. Pinkerton, writing for The American Surrogacy Center: 

See http://www.surrogacy.com. 

. .. the donor was a medical student: My Princeton colleague, and 

historian of science, Professor Angela Creager has pointed out to me 

that, whether consciously or subconsciously, physicians who con- 

trolled DI over the decades have attempted to reproduce themselves. 

She suggests that this is “another irony of convoluted reproduction 

woven into the complications of reprogenetic techologies.” 

. . Many practitioners selected only those who appeared to possess: 

R. Snowden and G. D. Mitchell, p. 64. 

. . shift the distribution of genes: No currently available screening 

procedure can completely eliminate the risk of genetic disease in a 

child conceived with donor sperm. Screening procedures will miss 
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latent mental and physical ailments that do not appear until much 
later in a donor’s life. In addition, donors can be carriers of hidden 

disease genes that are also carried, unknowingly, in the recipient 

woman's genetic material so that a DI child could express the dis- 

ease. Nevertheless, in statistical terms, effective donor screening and 

selection reduce the likelihood of genetic disease relative to the pop- 

ulation at large. 

“If intellectual qualities were inheritable”: Editorial page, New York 

Times, 27 May 1982. 

“This is a gimmick, an unrealistic hope for families”: United Press 

International, 12 June 1982. 

comments made in 1994 by several satisfied parents: All of the 

quotes were derived from a story by Jennifer Bojorquez, “In His 

Image,” Sacramento Bee, 19 December 1994. 

14 CONFUSED HERITAGE 

. “one’s own child”: This phrase is commonly used and under- 

stood to mean a child conceived with one’s own gamete, either 

sperm or egg. However, the use of the phrase in this exclusive way 

is demeaning to the strong parent-child relationship that can exist 

between adopted children and their adoptive social parents. For this 

reason, I have avoided its use wherever possible. At this point, how- 

ever, I have chosen to use the phrase as a setup to challenge its 

meaning, as will become clear shortly. 

Adoption of unrelated children was extremely rare: I refer here to 

adoption in the modern Western sense of the term. According to 

the Encyclopaedia Britannica, “In most ancient civilizations and in 

certain later cultures as well, the purposes served by adoption dif- 

fered substantially from those emphasized in modern times. . . . The 

person adopted invariably was male and often adult. In addition, 

the welfare of the adopter in this world and the next was the primary 

concern; little attention was paid to the welfare of the one adopted.” 

the particular DNA molecules present in a human egg: In the fertil- 

ized egg that eventually develops into a child, a mother deposits 
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just a single copy of DNA for each of the twenty-three human chro- 

mosomes. A second set of twenty-three DNA molecules is deposited 

in this same egg by the genetic father. The information present in 

each of these forty-six DNA molecules is then copied over time into 

100 million million new sets of DNA molecules that are placed into 

each new cell formed during fetal and child development. Each of 

these new DNA molecules is built from raw materials that are recov- 

ered from the food that the mother, and then the child, consumes. 

Where do the twenty-three DNA molecules that actually come 

from the mother end up? Well, most—if not all—of them disappear 

long before the child is born. Fewer than one out of eight cells in 

the early embryo actually end up in the fetus. The remaining cells— 

with at least 87 percent of the original parental DNA—are channeled 

into the placenta or uterine linings, which are ejected from the 

mother’s body and discarded as medical waste after birth. Of the 

motherly DNA molecules that survive in the fetus itself, many end 

up in short-lived cells such as those in the blood, the skin, or the 

intestines, which constantly degenerate to be replaced by newly 

made cells. When cells die or are discarded, the DNA molecules 

within them disintegrate into the small molecules, or single atoms, 

from which they were originally built. Thus, at most, only a handful 

of original DNA molecules from the mother survive in a few scat- 

tered cells among the 100 million million present in the child’s body. 

. . . Tim was born without testicles: The medical term anorchia is 

used to describe the condition of a boy who is born without testicles 

but with a penis. Fetal development of a penis can only occur in 

the presence of testicular tissue. Thus, immature testes must have 

been present in the developing fetus, with degeneration occurring 

for unknown reasons prior to birth. In the particular case of Tim 

Twomey, it is clear that degeneration had to be caused by nongenetic 

factors since the same medical condition did not appear in his identi- 

cal twin brother. 

_. Dr. Silber performed the transplantation: Sherman J. Silber, 

“Transplantation of a Human Testis for Anorchia,” Fertility and Steril- 
ity 30 (1978): 181-87. 

. . a 6-pound, 14-ounce baby boy: An interesting side note is that 

even after Tim’s sterility problem was cured, the Twomeys were still 
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unable to achieve pregnancy because of a subsequently discovered 
problem with Jannie’s menstrual cycle. This problem was eliminated 
with appropriate medical treatment, and the Twomeys achieved 

pregnancy a few months later. S. J. Silber and L. J. Rodriguez-Rigau, 

“Pregnancy after Testicular Transplant: Importance of Treating the 

Couple,” Fertility and Sterility 33 (1980): 454-55. 

. intellectualization conflicts with the primeval instinct: The phi- 

lospher Kenneth Alpern has described other interesting “genetic puz- 

zles” that also confuse the meaning of “one’s own child.” The most 

thought-provoking of these is one in which a woman walking down 

the street happens to discover a baby in a stroller with a genetic 

makeup that is identical to her own, just by chance. In a variation 

of this scenario, one can imagine that the baby actually shares only 

half of its genetic material with the woman walking down the street, 

so that it would appear—by all imaginable tests—to be that woman’s 

child. Alpern asks whether the woman should view this child as 

“her own,” even if she has no reproductive link to it. He concludes, 

“The science of genetics certainly does not provide full answers to 

the questions that we have been asking . . .” In fact, Alpern is wrong 

in his conclusion because of a failure to appreciate the distinction 

between the ends (increased transmission of genes) and means (the 

instinctive desire to have children that are physically connected) that 

operated during the process of evolution. Kenneth D. Alpern, “Ge- 

netic Puzzles and Stork Stories: On the Meaning and Significance of 

Having Children,” in The Ethics of Reproductive Technology, ed. Ken- 

neth D. Alpern (New York: Oxford University Press, 1992), pp. 

147-69. 

“would radically alter the very definition of a human being”: Quoted 

in article by Earl Lane in Newsday, 13 March 1997. 

Since 1991, reprogeneticists have been able to extract: K. Y. Cha): 

J. Koo, J. J. Ko, D. H. Choi, S. Y. Han, and T. K. Yoon, “Pregnancy 

after In Vitro Fertilization of Human Follicular Oocytes Collected 

from Nonstimulated Cycles, Their Culture In Vitro and Their Trans- 

fer in a Donor Oocyte Program,” Fertility and Sterility 55 (1991): 

109-13. 

“The idea is so grotesque as to be unbelievable”: Quoted in article 

by Gina Kolata in the New York Times, 6 January 1994. 
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“It would be devastating to grow up knowing”: Ibid. 

“Over all, you avoid more pain and suffering”: Ibid. 

. transplanted rat spermatogonia into mouse testes: D. E. 

Clouthier, M. R. Avarbock, S. D. Maika, R. E. Hammer, and R. L. 

Brinster, “Rat Spermatogenesis in Mouse Testis,” Nature 381 

(1996): 418-21. 

_ spermatogonial cells are easily frozen: M. R. Avarbock, C. J. 

Brinster, and R. L. Brinster, “Reconstitution of Spermatogenesis from 

Frozen Spermatogonial Stem Cells,” Nature Medicine 2 (1996): 

693-96. 

“Part of the way we think of who we are”: Quoted in article by Gina 

Kolata in the New York Times, 30 May 1996. 

15 SHARED GENETIC MOTHERHOOD 

A certain type of happily bonded couple: Although at the time of 

this writing, there were no publicized cases of shared genetic mother- 

hood, there was at least one attempt at shared biological motherhood 

between members of a same-sex couple. On August 25, the Mail On 

Sunday (a British tabloid) reported that a lesbian couple had asked 

an IVF practitioner to retrieve eggs from one of them, fertilize the 

eggs with donor sperm, and then introduce them into the uterus of 

the second woman. The resulting baby would then be raised by two 

biological mothers—one would be her gene-mom, the other her 

birth-mom—who would “share in the experience of motherhood.” 

Unfortunately for this couple, the physician took their request to his 

hospital's ethics review board, which ruled against it. Although this 

couple failed in its attempt to reach its reproductive goal, it seems 

likely that others have pursued the same goal with success, away 

from the eyes of the press, and close-minded male medical 

personnel. 

But rather than discarding this pronucleus: To allow the text to flow 

better, I have skipped some details here. The maternal pronucleus 

is actually recovered from the second egg with a bit of cytoplasm 

and membrane around it. This enclosed pronucleus is equivalent to 
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a minicell. It is placed into the space between the membrane of the 
first egg and its zona pellucida coat. A chemical or electrical stimu- 
lant is then used to fuse the large egg and the minicell, bringing the 
foreign pronucleus into the new egg cytoplasm. 

This exact experiment was actually performed: J. McGrath and D. 
Solter, “Completion of Mouse Embryogenesis Requires Both the Ma- 

ternal and Paternal Genomes,” Cell 37 (1984): 179-83. 

. . it couldn’t develop properly into a live-born animal: This find- 

ing, since confirmed by other scientists, contradicts a claim made in 

1976 by a Swiss embryologist named Karl Illmense for the produc- 

tion of not only live-born double-mothered mice, but also live-born 

mice who were derived solely from a single female parent. In the 

early 1980s, it was discovered that Illmense had faked his results, 

and that he never derived mice the way he claimed he had. 

. . . a different approach to producing mice: A. K. Tarkowski, 

“Mouse Chimaeras Developed from Fused Eggs,” Nature 190 

(1961): 875-60. 

Tarkowski’s simple method: A cookbook-like protocol for the pro- 

duction of mouse chimeras is described in B. Hogan, R. Beddington, 

F. Costantini, and F. Lacy, Manipulating the Mouse Embryo: A Labora- 

tory Manual, Second Edition (Cold Spring Harbor, NY: Cold Spring 

Harbor Press, 1994). An incredible picture of a chimera between a 

goat and sheep is shown on page 37 in C. R. Austin and R. V. 

Short, Reproduction in Mammals; Book 5 Manipulating Reproduction 

(Cambridge, Eng.: Cambridge University Press, 1986), and on the 

cover of the 16 February 1984 issue of Nature. 

Embryos and animals formed by combining cells: Some investigators 

object to the appellation chimera because of its negative connota- 

tions. They prefer the use of terms like “tetraparental” to describe, 

for example, an animal formed by mixing together two embryos 

with different mothers and fathers. However, chimera is still the 

term used by most animal embryologists. 

_ more than one hundred natural-born chimeric human beings: 

G. Krob, A. Braun, and U. Kuhnle, “True Hermaphroditism: Geo- 

graphical Distribution, Clinical Findings, Chromosomes and Gonadal 

Histology,” European Journal of Pediatrics 153 (1994): 2-10; Patricia 
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Tippett, “Human Chimeras,” in Chimeras in Developmental Biology 

(London: Academic Press, 1984); A. J. Green, D. E. Barton, P. Jenks, 

J. Pearson, and J. R. Yates, “Chimaerism Shown by Cytogenetics and 

DNA Polymorphism Analysis,” Journal of Medical Genetics 31 (1994): 

816-17; S. Uehara, M. Nata, M. Nagae, K. Sagisaka, K. Okamura, 

and A. Yajima, “Molecular Biologic Analyses of Tetragametic Chime- 

rism in a True Hermaphrodite with 46,XX/46,XY,” Fertility and Steril- 

ity 63 (1995): 189-92. 

.. . the same thing should happen spontaneously: You may wonder 

why chimerism doesn’t happen more often. It’s because fertilized 

eggs are typically enshrouded within a Teflonlike zona pellucida coat 

until right before they implant into the uterine wall. The zona coat 

protects the integrity of each individual embryo and prevents the 

embryos themselves from coming into contact with each other. Thus, 

chimera formation by embryo fusion could occur in only two ways. 

Either both fertilized eggs lose their zona coat prematurely and then 

bump into and stick to each other, or they both lose their zona coat 

at the appropriate time but implant directly adjacent to each other, 

merging into one as they develop. The latter process seems likely to 

be responsible for the formation of most naturally born chimeras. 

.. . the tissues that differentiate into the sex organs: Male and female 

sex organs differentiate out of the same sexless tissues that appear 

early during fetal development. The direction of development is de- 

termined by the presence or absence of a signal transmitted by a 

gene on the Y chromosome. If the Y signal is made, it counteracts 

the natural tendency of the fetus to develop into a female. Fetal 

gonads become ovaries if the Y chromosome is absent, testicles if a 

Y is present. The fetal phallus develops into a clitoris or a penis, 

and the external tissue below it develops into a scrotum or the outer 

folds of the vulva. 

But the gonads themselves: A person is considered a true hermaph- 

rodite when he/she has both ovarian and testicular tissue (irrespec- 

tive of genital appearance). A person is considered intersex when the 

external genitalia show a mixture of male and female characteristics. 

Hermaphroditism and intersexuality can occur together or sepa- 

rately. About 25 percent of human hermaphrodites are chimeric. A 

variety of other developmental or genetic defects are responsible for 
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other cases of intersexuality and true hermaphroditism. G. Krob, A. 
Braun, and U. Kuhnle, “True Hermaphroditism.” 

. Many intersex chimeras who have developed: Aside from the 

possibility of a patchy complexion or hair color, same-sex chimeras 

do not appear to be susceptible to any other physiological or behav- 

ioral abnormality. In fact, based on our understanding of develop- 

ment, there is no reason why they should be. All of the cells in a 

chimeric embryo are human. They all have the ability to produce 

and respond to the same range of molecular signals. And each cell— 

no matter what its origin—is programmed to work together with its 

neighbors to differentiate into each of the tissues in the adult human 

body. If there were one word to describe how cells behave in the 

developing human embryo and fetus, it would be teamwork. And 

with teamwork in action between even genetically distinct cells, 

every organ in the adult body can be built to function as it should. 

. . . 50 percent would be intersex individuals: This percentage is 

based on putting together two embryos without any knowledge of 

their sex. In this case, the probability that the first embryo is male 

is 0.5 and the probability that the second embryo is male is 0.5, 

giving a combined probability of 0.5 x 0.5 = 0.25 of having an all- 

male chimeric embryo. Similarly, the probability of an all-female 

chimeric embryo is also 0.25. The remaining 50 percent of embryos 

must therefore be intersex. 

. a machine called a flow cytometer: G. Levinson, K. Keyvanfar, 

J. C. Wu, E. F. Fugger, R. A. Fields, G. L. Harton, F. T. Palmer, M. 

E. Sisson, K. M. Starr, L. Dennison-Lagos, et al., “DNA-Based X- 

enriched Sperm Separation as an Adjunct to Preimplantation Genetic 

Testing for the Prevention of X-Linked Disease,” Human Reproduction 

10 (1995): 979-82. 

Yet in terms of general health characteristics: In fact, chimeric chil- 

dren may have greater disease resistance because they carry four 

different copies (rather than two) of each immune function gene. A 

larger number of immune function genes can provide an individual 

with a greater chance of resistance to any random infectious disease. 
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16 COULD A FATHER BE A MOTHER? 

If a woman’s abdomen can act as womb: A physician and researcher 

named Cecil Jacobson claimed to have initiated and maintained a 

pregnancy in the abdominal cavity of a male baboon during the 

mid-1960s at George Washington University Medical School. (“Not 

Half-Dad,” story by Julie Wheelwright in the Guardian, 9 April 1992) 

Although Jacobson never published this work, various scientists and 

writers have used his claim as support for the contention that male 

pregnancy could be achieved in humans as well. However, in 1992, 

the same Cecil Jacobson was convicted on fifty-two counts of fraud 

and perjury for using his own sperm surreptitiously in the artificial 

insemination of infertile women and for falsely claiming that women 

treated in his clinic had become pregnant when they had not. This 

latter turn of events clearly invokes skepticism over the validity of 

his earlier claims. 

“Abdominal pregnancy is a rare but life-threatening condition”: A. 

Wagner and A. J. Burchardt, “MR Imaging in Advanced Abdominal 

Pregnancy. A Case Report of Fetal Death,” Acta Radiol 36 (1995): 

193-95. 

“Morbidity and mortality for both the fetus and the mother are consider- 

able”: W. A. Alto, “Abdominal Pregnancy,” American Family Physician 

41 (1990): 209-14. 

“Care of the patient afflicted with it may present formidable challenges”: 

S. Yu, J. A. Pennisi, M. Moukhtar, and E. A. Friedman, “Placental 

Abruption in Association with Advanced Abdominal Pregnancy. A 

Case Report,” Journal of Reproductive Medicine 40 (1995): 731-35. 

These will include some transsexuals: According to a representative 

from the Transsexual Support Group UK, “The majority of transsex- 

uals would like to reproduce. Yet there is little or no research being 

done in America primarily because of the moral issues involved.” 

Wheelwright, “Not Half-Dad,” Guardian. 



p. 236 

Notes @ 361 

17 THE VIRTUAL CHILD 

. Cognitive starting points that were below average: Our genes 

provide each of us with a human mind that contains within it the 

capacity to think and reflect in ways that go far beyond that possible 

for even our nearest evolutionary cousin, the chimpanzee. No mod- 

ern-day biologist debates the veracity of this statement. What has 

been debated for many years, however, is the contribution that ge- 

netic differences among people make to individual human differ- 

ences in cognitive processes, personality, and other aspects of 

behavior. It is now clear that genes and environment work together 

in the expression of nearly every single human trait. (For an excellent 

discussion of the large body of scientific data that bear on this 

question, see Robert Plomin, Nature and Nurture: An Introduction to 

Human Behavioral Genetics [Pacific Grove, Calif.: Brooks/Cole Pub- 

lishing, 1990].) 

Which factor—genes or environment—is more important in the 

expression of a particular trait will often come down to the particular 

circumstances in which an individual person is placed by the vagar- 

ies of life. It is for this reason that percentage values calculated by 

scientists for the contribution of each cannot be applied to individual 

human beings. Professional geneticists who work in the field are 

well aware of this limitation. In fact, the basic term under investiga- 

tion—genetic contribution—is defined only in the context of the 

particular population analyzed, and not for individuals within that 

population. In the analysis of a different population, a different ge- 

netic contribution might be determined. Unfortunately, these distinc- 

tions are often not appreciated by the public at large. 

The best way to view the genetic contribution to personality and 

cognitive abilities is in the context of a set of starting points. Every 

person is born with hundreds of starting points for every separable 

aspect of who he or she is. But, as the psychology writer Winifred 

Gallagher says in her comprehensive account of the contribution of 

both nature and nurture to a person’s identity or I.D., “We're limited 

less by our vast genetic potential than by the narrow use that most 

of us and our environments make of it.” (Winifred Gallagher, I.D.: 

How Heredity and Experience Make You Who You Are [New York: 

Random House, 1996].) 

A prime example can be seen in the deplorable level of mathe- 
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matics that is taught to American children in many public elemen- 

tary schools, especially within urban areas. Most children have the 

innate capacity to achieve much more scholastically than they are 

ever given the opportunity to do, for a host of environmental 

reasons. 

On the other hand, there are realms of intellectual, artistic, and 

physical prowess that most of us will never reach no matter how 

hard we might try. We are all aware of these limitations, and we 

are all aware that others can excel in some areas that we cannot. It 

is in this very personal way that each of us can recognize the contri- 

bution of genes to an individual's abilities. 

. . a tendency toward long-term happiness: Each of the particular 

aspects of temperament listed here are known to have a high degree 

of genetic influence. For an overview see Plomin, Nature and Nurture. 

In 1996, a series of papers demonstrated, for the first time, links 

between specific genes and particular personality components. The 

results obtained for risk-taking behavior were reported by J. Benja- 

min, L. Li, C. Patterson, B. D. Greenberg, D. L. Murphy, and D. H. 

Hamer, “Population and Familial Association Between the D4 Dopa- 

mine Receptor Gene and Measures of Novelty Seeking,” Nature Ge- 

netics 12 (1996): 81-84; and R. P. Ebstein, O. Novick, R. Umansky, 

B. Priel, Y. Osher, D. Blaine, E. R. Bennett, L. Nemanov, M. Katz, 

and R. H. Belmaker, “Dopamine D4 Receptor (D4DR) Exon III Poly- 

morphism Associated with the Human Personality Trait of Novelty 

Seeking,” Nature Genetics 12 (1996): 78-80. 

The results obtained for anxiety were reported by K. P. Lesch, 

D. Bengel, A. Heils, S. Z. Sabol, B. D. Greenberg, S. Petri, J. Benja- 

min, C. R. Muller, D. H. Hamer, and D. L. Murphy, “Association of ~ 

Anxiety-Related Traits with a Polymorphism in the Serotonin Trans- 

porter Gene Regulatory Region,” Science 274 (1996): 1527-30. 

two pregnancies that had been established: A. H. Handyside, E. H. 

Kontogianni, K. Hardy, and R. M. L. Winston, “Pregnancies from 

Biopsied Human Preimplantation Embryos Sexed by Y-Specific DNA 

Amplification,” Nature 344 (1990): 768-70. 

. . carriers.of a serious disease mutation: Five couples took part in 

the first clinical trial. The female partner of each couple was a carrier 

for a mutation causing one of the following diseases—X-linked men- 
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tal retardation, adrenoleukodystrophy, Lesch-Nyhan syndrome, or 
Duchenne muscular dystrophy (see Handyside, et al.). Each of these 
mutations occurs in a different gene located on the X chromosome. 

The male partner did not carry mutations at any of these genes. 

All daughters receive one X chromosome from their mother and 

one X chromosome from their father. Therefore, even if they received 

a mutation from their mother, they would still receive a “good” copy 

of the gene from their father, and they would not express the disease. 

However, boys have only a single copy of the X chromosome, which 

they receive from their mother. If the single copy of a particular 

gene is mutant, a boy will express the disease. 

The total of all the information: Every species of animal, plant, and 

microbe is characterized by its own unique genome. Each species 

has its own unique set of genes that are spread out on a defined 

number of chromosomes. 

. Sickle cell anemia, cystic fibrosis, Tay-Sachs, and Huntington 

Disease: A comprehensive genetic description of every inherited dis- 

ease known to medical scientists is available at a World Wide Web 

site maintained by the Center for Medical Genetics, Johns Hopkins 

University in Baltimore and the National Center for Biotechnology 

Information, National Library of Medicine, Bethesda, Maryland. The 

name of this compilation is “Online Mendelian Inheritance in Man, 

OMIM.” Not only does it contain a detailed synopsis of each disease, 

it also provides pointers to related informational resources including 

original publications, as well as DNA and polypeptide sequences. 

The OMIM web address is http://www3.ncbi.nlm. nih.gov/omim/. 

Each independent gene and disease in the database is assigned a 

number and a name. The gene mutated in the sickle cell anemia 

trait is called HEMOGLOBIN—BETA LOCUS. It is abbreviated with 

the symbol HBB and its assignment number is 141900. 

There is no chemical technique that can provide information: The 

modern era of molecular genetics and biotechnology began during 

the 1970s through the invention of three independent techniques. 

First, DNA cloning allowed the isolation of individual genes out of 

the human genome. Second, DNA sequencing provided a rapid 

means for reading the information contained within isolated genes. 

Third, DNA synthesis provided a means for creating novel DNA 
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fragments that could be used for genetic engineering as well as to 

prime the further analysis of complex genomes and the genes they 

contain. Together, these techniques changed the face of biology and 

medicine by giving scientists the power to look into genomes with 

complete clarity, and the tools to understand how genes function. 

But the science enabled by these techniques was not all-power- 

ful. There were two main limitations. First, even after the sequence 

of a particular gene had already been determined, it could still take 

weeks of intensive work by a scientific team to clone and determine 

the sequences of other alleles at the same gene. The second limitation 

concerned the starting material for analysis. Although cloning could 

be accomplished with what was then considered to be small amounts 

of DNA, these small amounts still corresponded to the material pres- 

ent in thousands of cells. Both of these limitations disappeared with 

the invention of PCR. If biotechnology was powerful before PCR, it 

became thousands of times more powerful after PCR. 

.. . the Polymerase Chain Reaction: The term is purposely analogous 

to “nuclear chain reaction.” The chain reaction, in both terms, refers 

to the process by which an initial small event becomes amplified at 

each step in a “chain,” with one product acting as a stimulus to 

induce the production of two further products, which act as stimuli 

to produce four products, and so on, leading to an exponential 

explosion—of DNA fragments with PCR, and of nuclear energy with 

a nuclear chain reaction. 

. a legend in what is still a very young field: A history of PCR, 

the people involved, and the climate in which it was invented is 

told in a book by Paul Rabinow, Making PCR: A Story of Biotechnology 

(Chicago: University of Chicago Press, 1996). For those with an 

interest in bringing the magic of PCR into the classroom, Cold 

Spring Harbor Laboratory has developed a videotape entitled “Intro- 

duction to a Decade of PCR,” available from Cold Spring Harbor 

Press in Cold Spring Harbor, New York. 

Mullis was being playful on an April evening in 1983: This quote was 

obtained in November 1996 from the World Wide Web address 

http://www.uky.edu/~holler/mullis.html. 

. simple probability rules tell us: This extrapolation is based on 

standard methods of probability analysis. The probability of occur- 
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rence P of N independent events, each with a probability of p alone, 
is simply p raised to the power of N (p¥). If p = 0.90, then P = 
(0.9)° = 0.35. This means, conversely, that there is a 65 percent 
chance that at least one of the ten genes tested will not yield a 

usable result. 

DNA chips that are set to revolutionize the practice of genetics: 

David Stipp, “Gene Chip Breakthrough,” Fortune, 31 March 1997; 

Mark Chee, Robert Yang, Earl Hubbell, Anthony Berno, Xiaohua C. 

Huang, David Stern, Jim Winkler, David J. Lockhart, Macdonald S. 

Morris, and Stephen P. A. Fodor, “Accessing Genetic Information 

with High-Density DNA Arrays,” Science 274 (1996): 610-14. 

. a detector for the presence or absence of a particular allele: 

Detection occurs through a process called hybridization. Hybridiza- 

tion allows molecular biologists to take advantage of the natural 

propensity of complementary strands of DNA to bind to each other. 

To understand hybridization, you must first understand the structure 

of the DNA molecule. 

The DNA molecule is composed of two very long chains that 

spiral around each other like a two-stranded rope—the classic dou- 

ble helix. Each strand is composed of a series of bases (A, C, G, or 

T). Contained within the sequence of bases is the genetic message. 

The second strand does not contain any genetic information that is 

not in the first. However, the second chain is not identical to the 

first; rather it is complementary to it, as | will explain in a moment. 

The simplest way to think of the DNA molecule is as a long 

vertical ladder with evenly spaced flat horizontal steps. The two 

sides of the ladder represent the backbones of the two chains, and 

each step represents two bases with one jutting out from each back- 

bone, meeting the other in the middle. The bases on a particular 

step are referred to as a “base pair.” It is not possible for just any 

two bases to be paired on a single step; only complementary pairs 

are allowed. The bases G and C are complementary to each other, 

and the bases A and T are complementary to each other. Comple- 

mentarity flows from the ability of bases to fit together physically, 

like two adjacent pieces in a jigsaw puzzle. 

Let us say that the sequence along one chain of a DNA molecule 

is ATTGCG. This would imply a sequence for the second chain of 

TAACGC. And if the first chain was TAACGC, then the second 
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chain would have to be ATTGCG. Like mirror images, complemen- 

tary sequences reflect each other. This is why I can say they carry 

the same information even though they are not identical, just as a 

mirror image of a photograph contains the same information as the 

photograph itself. 

The next important thing to know about DNA is that the chemi- 

cal link that holds bases together in the middle of each step on the 

ladder is not the strong covalent bond responsible for keeping the 

three atoms of the water molecule H,O together. Instead it is the 

weak hydrogen bond that makes different water molecules cling to 

each other in a raindrop (or in a straw while you are sucking a soft 

drink into your mouth from a glass). When the temperature is raised 

sufficiently, the two strands of the double helix fall apart from each 

other (just as a water drop will disperse into a vapor). When the 

temperature is lowered, complementary strands try to find each 

other to rebuild a double helix (just as dew drops form on leaves 

of grass in the coolness of a summer morning). 

Each microscopic block on a DNA chip is covered with many 

identical copies of just one of the two DNA strands that represents 

a particular allele of a particular gene. The DNA sample to be tested 

is dissolved in a solution and heated so that its double helices all fall 

apart. Then the sample is placed on the chip, and the temperature is 

reduced. Now, if a strand in the sample is complementary to one 

on the chip, the sample strand will stick or hybridize to the chip at 

a particular block. After a sufficient time, the DNA that has not 

hybridized to one block or another on the chip is washed away, 

and the chip is analyzed automatically under a microscope to deter- 

mine which blocks detected complementary strands (representing 

particular alleles) in the sample and which did not. 

. capacity doubling every eighteen months: Stipp, “Gene Chip 

Breakthrough.” 

These women . . . want nothing more than to be mothers: Quoted 

in article by Barbara Stewart, “Tough Choices: In Vitro Vs. Adop- 

tion,” New York Times, 8 January 1995. 

Do we want to have a society: Dean Hamer and Peter Copeland, 

The Science of Desire: The Search for the Gay Gene and the Biology of 

Behavior (New York: Simon & Schuster, 1994) p. 219. 
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Why is it OK for people to choose the best house: Quoted in a 
story by Jennifer Bojorquez, “In His Image,” Sacramento Bee, 19 
December 1994. 

For some, the idea of a father choosing a genetic “gift” for his son 

is repellent: From a theater review by Alan F. Wright and A. Christo- 

pher Boyd, “Choosing Genes,” Nature 383 (1996): 312. The play 

called The Gift was written by Nicola Baldwin. 

If procreative liberty gives women the right to abort: Bonnie 

Steinbock, “Ethical Issues in Human Embryo Research,” in Papers 

Commissioned for the NIH Human Embryo Research Panel, Volume II 

(Bethesda, MD.: National Institutes of Health, 1994), p. 39. 

The real problem is not the one we most fear: Diane B. Paul, “Eu- 

genic Anxieties, Social Realities, and Political Choices,” in Are Genes 

Us? The Social Consequences of the New Genetics, ed. C. F. Cranor 

(New Brunswick, N.J.: Rutgers University Press, 1994), pp. 142-54. 

We mold and shape our children: Bojorquez, “In His Image.” 

. . . the environment will play as critical a role: Modern-day biolo- 

gists, especially molecular biologists, have often been accused by 

their colleagues in the social sciences of being too “gene-centric” in 

their view of life. “Life is much more than genes,” they say, “and 

yet all you ever seem to study and experiment on is the gene!” In 

fact, our critics are right on both counts. Human life, in particular, 

is much more than genes, and yet the gene seems to be at the focus 

of most of the exciting new biomedical research that hits the front 

page of newspapers regularly. 

In my opinion, the reason for this unbalanced state of affairs is 

not as sinister as it may seem. It is not because modern biologists 

think they can control the world if only they can control your genes. 

In truth, most basic science researchers have no such thoughts. In- 

stead, what they care most about is solving the narrow biological 

problem that appears before them. 

To solve that problem, a good scientist will use whatever tools 

she can get her hands on. And as we approach the end of the second 

millennium, the most powerful tools available for the analysis of 

many aspects of life and health are based on the use of genetics. 

So the reason that so many biomedical scientists focus on genes 
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is that it’s easy (in the relative sense of the word). But contrary to 

what many social critics claim, a “genetic ideology” does not pervade 

the field of biomedicine. If an alternative set of tools (based on 

biochemistry or biophysics) superseded genetics in its power to dis- 

sect the fundamental processes of life, you can be sure that future 

biomedical scientists would rush to embrace it. 

There is a truly unfortunate consequence of our ees on the 

gene. When the media report the results of exciting new studies that 

demonstrate a particular genetic contribution to a human trait or 

disease, they sometimes give the impression that the gene represents 

the entire contribution. Even when the best science reporters try to 

present a balanced picture, the public only remembers what has 

been discovered, not the large part that is still blank. Report after 

report of this kind can lead to a widespread sense of genetic deter- 

minism, even as geneticists themselves see the world otherwise in 

terms of statistics and individual probabilities. 

. the choice will have to be made: There is another option not 

mentioned here. After eliminating the embryos that carry the disease 

genotype, the physician could throw away the test results or mix all 

the remaining embryos together. Then he would have no way of 

distinguishing among embryos that carried the normal or carrier 

genotypes. Ask yourself whether it makes any sense to purposefully 

eliminate information that could benefit your child in some way. 

““Eugenics’ is a word with nasty connotations”: Paul, “Eugenic Anxi- 

eties,” pp. 142-54. 

. eugenics referred to the idea that a society: A detailed history 

of eugenics is presented in Daniel J. Kevles, In the Name of Eugenics: 

Genetics and the Uses of Human Heredity (New York: Alfred A. 

Knopf, 1985). 

The Quest for Perfection: The Drive to Breed Better Human Beings: Gina 

Maranto (New York: Scribner, 1996). 

If the asteroid that hit our planet 60 million years ago: The asteroid 

crashed into the Yucatan peninsula of Mexico and caused the expul- 

sion of so much dust into the sky around the world that the sun 

was blocked out for a period of years, leading to the death of plant 

life, which caused the death and extinction of all large animals, 
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including the dinosaurs. Species of small animals, including ro- 
dentlike mammals, were able to survive within greatly reduced pop- 

ulations that scavenged the earth for seeds and other meager food 

substances. But when the dust settled, and the sun returned to the 

sky, plant life blossomed once again and the earth became a fertile 

place with wide open ecological niches. Mammals took advantage 

of this new situation and evolved explosively into the many species 

alive today, including human beings. 

Many prospective parents choose not to learn the sex of their child: 

Indeed, my wife and I chose this path for our first child, although 

not for our other two. 

If embryo selection were available to all people in the world: The 

probability that free worldwide access to embryo screening could 

become available is, as a matter of economics, lower than the proba- 

bility that all poverty will be eliminated on a global scale. This was 

the political premise of Aldous Huxley’s Brave New World, which, 

in 1997, seems more securely in the realm of fiction than any of 

the fantastical stories told in the epilogue to the book you are 

now reading. 

_a hidden advantage to the gene pool: The idea that a deleterious 

allele might cause good as well as bad is often misunderstood. The 

scientific basis for this principle is well illustrated by considering 

the mutation in the hemoglobin gene that causes sickle cell anemia 

(the SC allele). The SC allele is present at a frequency of 10 percent 

or higher in some African populations. This high frequency has 

come about because people who are simply SC carriers—with no 

disease symptoms—have resistance to malaria. In an environment 

where malaria is prevalent, SC carriers have a higher chance of 

surviving to adulthood and passing on the SC allele to their children. 

This advantage is counterbalanced by the birth of children afflicted 

with sickle cell disease (caused by two copies of the SC allele), 

which increases as the population frequency of the SC allele in- 

creases. Ultimately, the frequency of the allele reaches an equilibrium 

point. 

If we consider the individual, though, an important point is 

often missed: the SC allele provides no advantage whatsoever to a 

person who never comes into contact with the malarial parasite. 
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This means that a normal SC carrier living in North America (where 

malarial infection is almost nonexistent) has no advantage over a 

person without the allele. On the contrary, the probability that an 

SC carrier will marry another SC carrier and have to deal with the 

potential birth of a diseased child is greater than the probability of 

becoming infected with the parasite. 

Mathematical models tell population geneticists that the mutant 

alleles responsible for a number of other genetic diseases that are 

frequent in people from particular ethnic groups or geographical 

regions—like cystic fibrosis, Tay-Sachs, and PKU—also once pro- 

vided carriers with some advantage of some kind. But whatever the 

environmental factors were that allowed these mutations to persist, 

they are no longer present. Thus, there is no reason why anyone 

should want to be a carrier, and there is no reason for anyone to 

wish carrier status (for any one of the thousands of different disease 

alleles that have been identified) on some distant descendant. 

they are worried that the genetic elimination of mental illness: Gal- 

lagher, I.D., pp. 38-39. 

. . the use of hallucinogenic . . . drugs: My intent in making this 

provocative statement is not to promote the use of drugs for achiev- 

ing altered states of mind, but rather to illustrate the absurd nature 

of the contention that mental illness can serve a useful purpose 

for society. 

Inoculation of children with the polio vaccine: 1 thank John Robert- 

son (University of Texas Law School, Austin) for bringing this inter- 

esting comparison to my attention. 

“the genetic conditions the affluent are concerned to avoid”: Philip 

Kitcher, The Lives to Come (New York: Simon & Schuster, 1996), 

p. 198. 

. such refusal would . . . force society to help the unfortunate 

children: Ibid, p. 201. 

“the notion that individual desires should sometimes be subordi- 

nated”: Paul, Eugenic Anxieties, p. 148. 

. the technology will remain prohibitively expensive: Embryo 

screening will always be expensive because of the highly skilled 
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laborers (physicians and Ph.D. scientists) who will always be re- 
quired to carry it out. This means that it will never be available to 
those at the bottom end of the socioeconomic scale, although where 
the line will be drawn is hard to tell. 

.. . countries like Germany, Norway, Austria, and Switzerland: Lori 

B. Andrews and Nanette Elster, “Cross-cultural Analysis of Policies 

Regarding Embryo Research: Appendices,” in Papers Commissioned 

for the NIH Human Embryo Research Panel, Volume II (Bethesda, MD..: 

National Institutes of Health, 1994) pp. 65-407. Current legislation 

to ban embryo selection is driven more by a religious desire to 

protect all embryos from harm than by a communitarian desire to 

equalize the goods and services available to all citizens. 

18 THE DESIGNER CHILD 

“At the crossroads where reproductive technology and genetic forecasting 

meet”: Margery Stein, “Making Babies or Playing God,” Family Circle, 

20 September 1994. 

This will always be possible whenever one parent is disease-free: A 

very rare situation in which this rule would fail to hold could occur 

if a person had two mutant copies of the Huntington Disease (HD) 

gene. All of the gametes produced by such a person would carry 

the disease mutation, and all embryos that emerged after fertilization 

would carry the mutation as well. Since HD is a dominant disease, 

this means that all embryos would have the disease genotype. The 

predicted frequency of this rare homozygous HD genotype in the 

world population is 1 in 100 million (but in isolated populations 

where the disease is prevalent, it could be higher). 

_.. “genetic engineering” and “gene therapy”: The terms “gene ther- 

apy” and “genetic engineering” have been used to describe the alter- 

ation of genetic material in embryonic cells as well as cells in the 

body of an adult or child. These two different uses are distinguished 

by qualifiers: germ-line gene therapy is practiced on embryos; so- 

matic cell gene therapy is practiced on cells obtained from a person's 

body. The big difference that many ethicists see between these two 

applications of the same basic technology is that the changes pro- 
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duced with somatic cell gene therapy cannot be passed on to future 

generations, while germ-line changes can. The logic used by many 

ethicists to support this point of view is that parents don’t have the 

right to impose their genetic choices on their children and their 

children’s children as well. According to this logic, the random in- 

heritance of genes—even if they cause disease—is preferable to ge- 

netic choice—even if it is used to prevent disease. 

Various applications of somatic cell gene therapy are already 

underway in clinical trials. However, I will not discuss somatic cell 

gene therapy in this book. Thus, I will use the simple terms “gene 

therapy” and “genetic engineering” to refer only to genetic changes 

made on embryonic cells that can be passed from one generation to 

the next. 

An alternative method was developed: J. W. Gordon, G. A. Scangos, 

D. J. Plotkin, J. A. Barbosa, and F. H. Ruddle, “Genetic Transmission 

of Mouse Embryos by Microinjection of Purified DNA,” Proceedings 

of the National Academy of Science USA 77 (1980): 7380-84. The 

method itself is simple in concept. First, a dish of fertilized eggs is 

placed within a special microscope that allows the clear visualization 

of the various internal embryonic components including the two 

pronuclei. While gazing through the microscope, a scientist uses one 

hand to control a special microscopic tool that allows her to pick 

up one embryo (at a time) and hold it securély in place. With her 

other hand, she controls a microscopic needle with a very sharp 

point that is brought up against the surface of the fertilized egg. The 

embryo is stabbed with the needle, whose tip is further positioned 

within one of the two pronuclei. Finally, the DNA molecules present 

within the needle are injected into the pronucleus, the needle is 

removed, and the embryo is released from its holder to fall back 

onto the bottom of the dish. 

What happens next inside the little embryo is remarkable. The 

embryo actually sees the tiny DNA fragments that it has just received 

(in the way that any cell can see anything), and isn’t happy that 

they're all alone. The experience of billions of years of evolution 

tells the cell that orphaned DNA fragments fall out of damaged 

chromosomes, and the best bet for survival is to stuff them back in 

somewhere. So that’s just what the cell does with the injected foreign 

DNA. It randomly places the DNA back into a chromosome some- 



p. 270 

p. 270 

p. 271 

Notes @ 373 

where. And once the foreign DNA is spliced back into a standard 
chromosomal DNA molecule, its future is the same as the future of 

all the other genes in the embryo. 

Manipulation of the Mouse Embryo: B. Hogan, R. Beddington, F. Cos- 

tantini, and E. Lacy, Manipulating the Mouse Embryo: A Laboratory 

Manual (Cold Spring Harbor, NY: Cold Spring Harbor Press, 1994). 

. .. 95 percent of the DNA in the genomes of all mammals: Genes 

occupy less than 3 percent of the three billion bases of DNA present 

in the human genome. There are other packets of genetic informa- 

tion that have nothing to do with gene activity but are useful to 

the cell in other ways. One type provides the DNA foundation for 

constructing a specialized chromosome structure (called a centro- 

mere) that acts as a physical handle for the movement of whole 

chromosomes between cells at the time of cell duplication and divi- 

sion. Another type provides protection for the sensitive ends of DNA 

molecules (telomeres). But even when all of the useful pieces of 

genetic information are added up, they account for just 5 percent 

of the genome. 

What does the remaining 95 percent do? Probably nothing for 

you or me. The most likely explanation for its existence lies in the 

“selfish gene” concept promoted by Richard Dawkins in the book 

by the same name. According to Dawkins, all of evolution takes 

place at the level of individual DNA fragments and not at the level 

of persons, animals, or species. DNA fragments simply use us as a 

“survival machine,” in the words of Dawkins. And while some DNA 

fragments are clearly needed to help the survival machine survive 

(these are our 100,000 genes), the rest of our DNA—in fact, the 

vast majority of it—is simply freeloading. 

.. . future reprogeneticists will gently put in whole chromosomes: 

Success has already been achieved with the placement of artificial 

human chromosomes into nonembryonic cells. See the news article 

by Nicholas Wade, “Artificial Human Chromosome Is New Tool for 

Gene Therapy,” New York Times, 3 April 1997. The original publica- 

tion is J. J. Harrington, B. Van Bokkelen, R. W. Mays, K. Gustashaw, 

and H. F. Willard, “Formation of De Novo Centromeres and Con- 

struction of First Generation Human Artificial Microchromosomes,” 

Nature Genetics 15 (1997): 345-55. 
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Gene replacement has already been achieved in animals: T. Doetsch- 

man, R. G. Gregg, N. Maeda, M. L. Hooper, D. W. Melton, S. 

Thompson, and O. Smithies, “Targeted Correction of a Mutant HPRT 

Gene in Mouse Embryonic Stem Cells,” Nature 330 (1987): 576-78; 

K. R. Thomas and M. R. Capecchi, “Site-Directed Mutagenesis by 

Gene Targeting in Mouse Embryo-Derived Stem Cells,” Cell 51 

(1987): 503-12; S. Thompson, A. R. Clarke, A. M. Pow, M. L. 

Hooper, and D. W. Melton, “Germ Line Transmission and Expres- 

sion of a Corrected HPRT Gene Produced by Gene Targeting in 

Embryonic Stem Cells,” Cell 56 (1989): 313-21. 

This new approach is called “anti-gene therapy”: Larry A. Couture 

and Dan T. Stinchcomb, “Anti-gene Therapy: The Use of Ribozymes 

to Inhibit Gene Function,” Trends in Genetics 12 (1996): 510-15. 

Genetic engineering has been attacked: My responses to these objec- 

tions are the same as my responses to similar attacks on embryo 

selection and will not be repeated here. 

. it is wrong to tread in God’s domain: The Far Side cartoon 

created by Gary Larson entitled “Young Victor Frankenstein stays 

after school” shows Victor at the blackboard in the front of the 

classroom writing, “I will not play in God’s domain; | will not play 

in God’s domain; . . . 1 will not play in God’s dom—” (syndicated 

on January 27, 1996). 

.. . ‘Mother Nature,” an updated feminine personification of God 

himself: Actually, the view that Nature and God are one and the 

same has been propounded since classical times and is referred to 

as “pantheism.” 

.. . Christian Scientists . . . reject of all forms of medical treatment 

for disease: Christian Scientists do make an exception when it comes 

to teeth and eyes, or the setting of bones. Essentially what they reject 

is the use of medicines—in the form of chemicals—to cure disease. 

By 1994, fully 75 percent of all Americans: Results of a survey 

conducted for Family Circle magazine by Princeton Survey Research 

Associates in May 1994. 

the injection of testis-derived nuclei into the egg cytoplasm: This 
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ancillary technology is used in those cases where a man is unable 
to produce sperm. 

45 percent of Americans reject all uses of genetic engineering: How- 

ever, another survey conduced by the March of Dimes Foundation 

in 1992 found that 87 percent of those polled understood “little or 

nothing about gene therapy.” This result suggests that some respon- 

dents to questions about genetic engineering may not understand 

what it is that they are being asked. 

The British public is even more wary: Theresa Marteau, Susan Mi- 

chie, Harriet Drake, and Martin Bobrow, “Public Attitudes Towards 

the Selection of Desirable Characteristics in Children,” Journal of 

Medical Genetics, 32 (1995): 796-98. 

“Just as the Christian soul has provided an archetypal concept”: Dorothy 

Nelkin and M. Susan Lindee, The DNA Mystique: The Gene as a 

Cultural Icon (New York: W. H. Freeman, 1995), pp. 41-42 (paper- 

back version). 

The number of parents: Remember that in most cases, embryo selec- 

tion, rather than genetic engineering, will be sufficient to prevent 

the appearance of lethal diseases. 

“The human species has a deeply ingrained tendency to prove the 

experts wrong”: Freeman Dyson, Infinite in all Directions (New York: 

Harper & Row, 1988), p. 126. 

. radiotelepathy, the term used and defined by Freeman Dyson: 

Ibid, pp. 130-37. 

EPILOGUE: HUMAN DESTINY? 

“the gradual widening of the present merely temporary and social 

difference”: Original reference is H. G. Wells (1895) The Time Ma- 

chine. Quote can be found on p. 301 of Three Prophetic Science Fiction 

Novels of H. G. Wells (New York: Dover, 1960). 

_ the successful incorporation of photosynthetic units into em- 

bryos: The photosynthetic units of plant cells are contained within 

little organelles called chloroplasts that float in the cytoplasm. All 
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chloroplasts can trace their ancestory back to an single-cell photo- 

synthetic creature that was gulped into a larger nonphotosynthetic 

cell. But instead of the smaller cell being eaten by the larger cell, 

the two set up a symbiotic relationship with each other that was so 

successful, it served as the starting point for the entire plant king- 

dom. Remarkably, as a lasting remnant of their independent origin, 

chloroplasts still retain their very own little genomes. 

... far-flung communities will begin to lose contact with one an- 

other: Freeman Dyson explains why: “Even messages traveling at the 

speed of light take fifty thousand years to creep across the galaxy. 

Whole historical epochs will pass, cultures will rise and fall, between 

a telephone call and the reply. Each little piece of the galaxy will 

be a world of its own, isolated from other pieces by the immensity 

of space and the quickness of time. We shall enjoy abundant com- 

munication with our neighbors in the past, but of our neighbors in 

the present we can know nothing.” Freeman Dyson, Imagined Worlds 

(Cambridge, Massachusetts: Harvard University Press, 1997), p. 163. 
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