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Introduction

A ccording to a recent Gallup Poll, 80 percent of Americans reject the 
   theory of natural evolution. Some of them take a more literal view 

of the Bible and believe that God made humans pretty much in their 
present form within the past 10,000 years, while others are willing to 
accept scientifi c evidence of evolution but think that God actively guides 
evolutionary processes.1 No doubt one of the reasons for the popular-
ity of these beliefs is that the notion of natural evolution conjures up 
a terrifying vision of a universe without meaning or direction in which 
humanity is accidental and insignifi cant. “The universe that we observe,” 
evolutionary biologist and atheist Richard Dawkins bluntly insists, “has 
precisely the properties we should expect if there is, at bottom, no de-
sign, no purpose, no evil, no good, nothing but pitiless indifference.”2

It is true that evolution takes place to some extent by chance. Changes 
in genes occur more or less at random, these random changes make or-
ganisms more or less successful depending on environmental  conditions, 
and the successful ones reproduce, thereby passing the genetic changes 
on to their descendants. Over time, these cumulative changes alter the 
way an organism looks and acts. But even within natural evolution, there 
is an element of choice. The reproductive process is seldom left com-
pletely to chance. Females often select their mates, who compete with 
one another by being bolder, having prettier plumage, swimming faster, 
building better nests, or, in the case of certain frogs, being more enthusi-
astic croakers. In some species, males also do some of the selecting. These 
reproductive choices determine which sets of genes will be inherited by 
offspring.

Like other animals, humans have developed elaborate behaviors to in-
fl uence the selection of their mates. Dinka men in the Sudan hold a 
three-month-long contest to see who can grow fattest by drinking a mix -
ture of milk and cow urine.3 Wodaabe men in Niger use exaggerated fa-
cial expressions to display their charm and good looks in periodic dance 
competitions; rolling the right eye back and forth is deemed especially 
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attractive.4 Upper-class American girls may be invited to “come out” at 
debutante balls, where they are judged on their dancing ability, etiquette, 
and how well they curtsy.5

But humans have gone much further than other animals in avoiding 
the randomness of reproduction. One recent phenomenon is computer-
assisted dating. On the website eHarmony.com, for example, people are 
matched on the basis of 29 physical and mental characteristics that the 
company assesses on the basis of answers to an online questionnaire. These 
characteristics include self-concept, emotional management, ob stre  perous-
ness, romantic and sexual passion, kindness, dominance, intellect, curiosity, 
humor, artistic passion, industry, appearance, traditionalism, spirituality, 
ambition, altruism, family background, family status, and education.6 A 
rival online dating company, Match.com, has 1.2 million paid members 
and annual revenues of over $360 million.7

Computer-assisted dating has even begun to make use of genetic test-
ing. For a $2,000 lifetime membership, one company will test a man’s 
DNA for clues to the nature of his immune system and then match him 
up with women who have very different immune systems, on the basis 
of research showing that women prefer the smell of men whose immune 
systems are least like their own.8 Another company, 23andMe, one of 
whose creators is married to Google cofounder Sergey Brin, sells test-
ing over the Internet for over a hundred genetic characteristics. These 
include tests not only for diseases such as age-related macular degen-
eration, prostate cancer, and bipolar disorder but for nondisease traits 
such as intelligence and longevity. All you have to do is give the company 
your credit card number over the Internet, spit into a little bottle that 
the company mails to you, and send it back in the accompanying self-
addressed, stamped envelope. A few weeks later, you go on the Internet 
and get your results.

This company has an innovative marketing plan. While the usual as-
sumption is that people want to keep their personal genetic information 
a secret to avoid stigma and discrimination, 23andMe is counting on 
the younger generation’s supposed lack of inhibition to turn personal 
genetic information into something to be shared with others, such as on 
Facebook. To facilitate the sharing of test information, the company has 
launched a community website that gives customers, in the company’s 
words, “the ability to create a profi le, connect with others, share stories, 
ask questions about specifi c traits and ancestry groups and learn more 
about research studies.”9 Along the same lines, in 2008, the company 

www.eHarmony.com
www.Match.com
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sponsored a “spit party” in New York where a group of prominent social-
ites, including Rupert Murdock, Harvey Weinstein, and Diane von Fur-
stenberg, got together, spit into bottles, and sent them to the company 
for analysis. It won’t be long before companies like 23andMe offer dating 
services in which they match people up on the basis of their results on 
multiple genetic tests.

Genetic testing has opened up other possibilities for avoiding random 
reproduction. Tay-Sachs is a genetic disease prevalent in populations de-
scended from European Jews which affl icts children shortly after they 
are born and causes their deaths within a few years. If two people who 
each carry the genetic mutation that causes Tay-Sachs have a child, the 
child has a 25 percent chance of inheriting the disease. In some Ortho-
dox Jewish communities in which marriages are still arranged, teenag-
ers are tested to see if they have the mutation. The teenagers are not told 
the result of the test, but the head rabbi is, so that he can refuse to give 
his consent to a marriage between two carriers. As a result, Tay-Sachs 
has been all but stamped out in these communities.

Advances in infertility medicine, especially in vitro fertilization (IVF), 
in which eggs are fertilized in the laboratory rather than in the wom-
an’s fallopian tubes (in vitro means “in glass”), have given humans more 
direct ways of infl uencing the genes that their children inherit. In pre- 
implantation genetic diagnosis (PGD), cells are removed from the dozen 
or so embryos that are produced in the lab and subjected to genetic test-
ing, after which the parents can pick the two or three embryos with the 
best sets of genes to implant in the womb for a chance to come to term. 
Alternatively, fetuses can be tested in the womb, and those with poor 
test results can be aborted. In either case, the parents are opting for or 
against certain sets of genes, and those that are opted against are not 
passed on to the parents’ descendants.

Another infertility treatment that affects the way genes are handed 
down through generations is artifi cial insemination. Originally devel-
oped to treat infertility, it is also now used to enable people to combine 
their genes with genes from specially selected donors. There already is 
a fl ourishing market for “exceptional” eggs and sperm to be used with 
artifi cial insemination. To sell eggs to one company, Fertility Alterna-
tives, you must have graduated from or currently be attending a major 
university, preferably one in the Ivy League, and have a GPA of over 3.0, 
SAT scores above 1350, and a high IQ.10

Infertility treatments also alter natural evolution by allowing people 
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who cannot reproduce naturally to pass on their genes. Indeed, every 
time modern medicine keeps a sick person alive long enough to repro-
duce, it can be said to thwart the process of natural evolution.

Yet a far more radical method for supplanting natural evolution will 
become available in the not-too-distant future: intentionally modifying 
inherited genes themselves, known as germ line genetic manipulation. 
Physicians have taken the fi rst step by introducing functional genes 
into the bodies of people who lack them. In 1990, they infused modifi ed 
genes into a 4-year-old girl, Ashanti DeSilva, who had been born without 
a properly functioning immune system, and the genes began to manu-
facture the enzyme she was missing. Since then, there have been almost 
a thousand similar gene therapy efforts. The modifi ed genes in these 
cases are not passed on to the patients’ children, so the main evolution-
ary effect is that these patients now may live long enough to reproduce. 
But scientists have learned how to splice genes from one organism into 
the DNA of another so that future generations also possess the spliced-in 
genes. They have created bacteria that can biodegrade oil spills, as well 
as bacteria that mass-produce unlimited quantities of substances found 
naturally in the human body to treat conditions caused by hormonal de-
fi ciencies, such as dwarfi sm.

It’s a long way from engineering the DNA of bacteria to human germ 
line genetic engineering; genetic engineering in primates lags well be-
hind what can be accomplished in simpler animals. Yet science passed 
a milestone in 2009 when Japanese researchers took the embryos of 
marmosets, a species of New World monkey, inserted a jellyfi sh gene 
that made the monkeys glow green under ultraviolet light, and found 
that the monkeys produced babies that glowed just like their parents.11 
Glow-in-the-dark monkeys may not sound like much of an evolution-
ary step, but this was the fi rst time that the DNA of a primate had been 
reengineered at a suffi ciently early stage of the animal’s development so 
that the changes were inherited by its descendants. Eventually this tech-
nique will be perfected in the monkey. No doubt it will then be tried in 
human embryos. This will open the door to human germ line genetic 
manipulation.

For the time being, we treat inherited disorders such as cystic fi brosis 
and hereditary colon cancer with what Lewis Thomas labeled “half-way” 
technologies.12 We use surgery, drugs, and dietary changes and are grad-
ually introducing gene therapy like the one Ashanti DeSilva received, but 
the genes that cause these illnesses are still present in the reproductive 
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cells of sufferers, and therefore their children remain at risk for getting 
the disease and passing it on to their offspring. Germ line gene therapy 
would remove the risk by preventing succeeding generations from in-
heriting the genes that cause the disease. The next step will be to learn 
which pieces of DNA are associated with nondisease traits and to splice 
these segments into and out of human DNA in such a way that the re-
sulting changes are passed on to our offspring. At that point, we will 
have crossed an evolutionary Rubicon. From then on, so long as humans 
maintain this technological wherewithal, they will be in a position to 
avoid random genetic change altogether. They will enter a new evolu-
tionary phase. Paleontologist Peter Ward calls it “directed evolution,” 
borrowing a term from protein engineering that refers to a process for 
developing new proteins quickly by mimicking natural forces.13 Others 
use the term “controlled” or “rational” evolution. I call it “evolutionary 
engineering.”
i
Some people think that evolutionary engineering is inevitable. British 

biologist Julian Huxley (Aldous’s brother) saw it coming in 1957, when 
he wrote, “It is as if man had been suddenly appointed managing direc-
tor of the biggest business of all, the business of evolution—appointed 
without being asked if he wanted it, and without proper warning and 
preparation. What is more, he can’t refuse the job. Whether he wants to 
or not, whether he is conscious of what he is doing or not, he is in point 
of fact determining the future direction of evolution on this earth. That 
is his inescapable destiny, and the sooner he realizes it and starts believ-
ing in it, the better for all concerned.”14 Pioneering bioethicist Joseph 
Fletcher, who was also an ordained Episcopal priest, put it in a historical 
perspective: “We began our human history by learning to control the 
physical environment (and still make serious mistakes). We have made 
some progress in controlling our social life, and we are learning to con-
trol our behavior. It is time, then, that we accepted control of our hered-
ity.”15 UCLA biophysicist Gregory Stock declares that “the time has come 
for us to accept the responsibility that comes with our new understand-
ings and powers.”16 Fletcher goes so far as to view the failure to do so as 
“immoral.”17

Some evolutionary biologists regard humans primarily as vessels that 
genes use to ferry themselves from one generation to the next. They see 
directed evolution as a chance to turn the tables. Richard Dawkins, the 
evolutionary biologist who described genes as “selfi sh,” observed that 
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“we are built as gene machines . . . but we have the power to turn against 
our creators.”18 Oxford philosopher Julian Savulescu asserts that “hu-
manity until this point has been a story of evolution for the survival of 
genes. Now we are entering a new phase of human evolution—evolution 
under reason—where human beings are masters of their destiny. Power 
has been transferred from nature to science.”19

Some people look forward to the prospect of germ line genetic engi-
neering as an opportunity to reengineer the human species. They call 
themselves “transhumanists,” a term coined by Julian Huxley. According 
to Nick Bostrum, he and his fellow transhumanists believe that “cur-
rent human nature is improvable through the use of applied science and 
other rational methods, which may make it possible to increase human 
health-span, extend our intellectual and physical capacities, and give us 
increased control over our own mental states and moods.”20 For trans-
humanists, directed evolution is the apotheosis of the human species. 
Stock, for example, announces that “humanity is leaving its childhood 
and moving into its adolescence as its powers infuse into realms hitherto 
beyond our reach.”21 Some transhumanists believe that by equipping us 
to survive in the inhospitable environment of space, evolutionary engi-
neering will be what saves humanity in the event of a planetary catas-
trophe, like the eventual death of the Sun. Quite literally, it could be our 
ticket to the stars.

For many religious conservatives, however, evolutionary engineering 
is a sacrilege. In a speech in 2007 to the members of the Pontifi cal Acad-
emy for Life, Pope Benedict XVI decried “the interest in more refi ned 
biotechnological research [which] is growing in the more developed 
countries in order to establish subtle and extensive eugenic methods, 
even to obsessive research for the ‘perfect child.’ ”22 The former chair of 
President Bush’s Council on Bioethics, Leon Kass, is worried that radi-
cal changes in human beings would confl ict with God’s design: “Most of 
the given bestowals of nature have their given species-specifi ed natures: 
they are each and all of a given sort. . . . We need more than generalized 
appreciation for nature’s gifts. We need a particular regard and respect for 
the special gift that is our own given nature” (emphasis in original).23

The views of Pope Benedict and Leon Kass are those of  nonscientists 
whose belief systems are threatened by directed evolution. What do the 
scientists who are actually developing these technologies think? Some, 
pointing to the astounding intricacies of genetics, are afraid that humans 
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will never master genetic engineering. Important aspects will always elude 
us, they insist, such as manipulating multifactorial traits, which are pro-
duced by interactions between and among genes and the environment. 
Attempts at evolutionary engineering are bound to fail.

Other scientists are not so pessimistic, however. They point to how 
much we have learned about human genetics since the completion of the 
Human Genome Project, the multiyear, multi-billion-dollar program to 
decode human DNA. When the project began in 1990, only around 100 
of the 3 billion nucleotides in a sample of human DNA could be pro-
cessed in a day with the technology that was available. Now, the process 
is highly automated, and massive amounts of DNA are sequenced simul-
taneously. Decoding has become not only much faster but more accurate 
and much less expensive. A recent report for the Department of Defense 
pointed out that the exponential increase in the ability to sequence DNA 
has far exceeded “Moore’s Law,” the 1970 forecast by Intel cofounder 
Gordon Moore that the number of transistors in computer chips would 
double every two years, which has held true for over 40 years. It now 
costs only about $20,000 to decode a person’s genome, and this is ex-
pected to drop to less than $1,000 by 2012 and to $100 by 2013.24

Along with accelerating the pace of genetic sequencing, researchers 
are becoming more adept at linking genetic information with human 
characteristics. Francis Collins, the director of the National Institutes 
of Health (NIH), hails the tremendous progress that has been made in 
identifying genes containing the instructions for complex human traits, 
that is, traits that are produced by more than one gene or by a combi-
nation of genes and the environment. In 2002, Collins notes, research-
ers had discovered the genes for only seven of these traits, but six years 
later, the number had grown to 130.25 Another scientist who thinks that 
genetic engineering has made great strides is Theodore Friedman, the 
former president of the American Society of Gene Therapy. In 1997, he 
declared that “there are no insurmountable scientifi c barriers to genetic 
enhancement,”26 that is, giving people desirable genetic traits. In view of 
what experts like Collins and Friedman believe, radical forms of germ 
line genetic engineering could become a reality much sooner than many 
people think.

Whether scientists are dubious or optimistic about the prospects for 
rational evolution, though, they tend to agree on two things. First, how-
ever long it will take to perfect the necessary technology, it is inevitable 
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that humans will attempt to control their evolutionary future, and sec-
ond, in the process of learning how to direct human evolution, we are 
bound to make mistakes.

This book is about these mistakes. What kinds of mistakes are likely 
to be made, and how serious will they be? Who will be harmed? Will 
mistakes be confi ned to a few people serving as experimental subjects, or 
will they be widespread? Will their effects be felt immediately or in the 
longer term? Above all, can we avoid extinguishing humankind itself?

Religious conservatives are not the only critics of engineered evolu-
tion; the perils of genetic manipulation inspire numerous fi ctional ac-
counts of the human future. Chapter 1 contrasts these bleak dystopias 
with the rapturous enthusiasm of the transhumanists. Genetic engineer-
ing is not the fi rst technology that has raised fears of total human extinc-
tion, and chapter 2 reviews how similar scares have been handled in the 
past. The book then delves more specifi cally into the hazards of evolu-
tionary engineering, considering fi rst how individuals who were engi-
neered might be harmed (chaps. 3 and 4), next how genetic engineering 
could disrupt cultural progress by undermining the political and social 
framework of society (chap. 5), and then how it might wipe out humans 
altogether (chap. 6). Chapter 7 places genetic engineering in the context 
of what we know about the operation of natural evolution. The discus-
sion concludes by considering how each of these risks might be reduced 
(chaps. 8–11).
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What Is to Come?
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chapter one

Visions of Heaven and Hell

There seems to be no middle ground when it comes to envisioning a 
future in which evolutionary engineering is commonplace; it is por-

trayed as either loathsome or sublime. The transhumanists are the cheer-
leaders, and some of them get downright giddy when they gaze into their 
crystal balls. Among the most hyperbolic is Simon Young, who started 
out as a piano player and composer; taught music at Trinity College of 
Music in London, where he is now an Emeritus Fellow; and eventually 
became a licensed massage therapist after he developed back pain while 
performing.1 Young describes how he came across the concept of trans-
humanism in 1984 while reading a book in his father’s library and then 
spent the next 20 years developing “a modern philosophy suitable for 
the 21st century (I was thinking ahead!).”2 Eventually he distilled “thou-
sands of pages” of his thoughts into a 417-page book entitled Designer 
Evolution: A Transhumanist Manifesto, which he published in 2006. 
As Young tells the story, “I developed my philosophical system gradually 
and methodically over some 20 years, while supporting myself as a piano 
player in the hotels and piano bars of London and Europe (the term 
‘Designer Evolution,’ for instance, occurred to me while playing Jerome 
Kern / Fred Astaire’s ‘Pick Yourself Up,’ at The Ritz).”3 “Trans humanism,” 
raves Young, “is not just the ‘Big Idea’ of the 21st century, but the biggest 
idea in the whole of human history—ever!” As a result of “the combined 
miracles of Superbiology,” an amalgam of biotechnology and genetics 
that Young also refers to as “Supergenics,” humans will complete their 
evolution from the Stone Age, through the Iron and Industrial Ages, to 
the “DNAge, defi ned by the ability to manipulate human life itself.”4 Hu-
mans must seize this opportunity, Young says, because they have “the 
will to evolve,” and they must not be fainthearted. “Let us cast away cow-
ardice,” he exhorts, “and seize the torch of Prometheus with both hands.”5

Although the end point that Young and his fellow transhumanists look 
forward to is transcendent, they concede that progress will be gradual; 
indeed, it must be, so that people can become accustomed to the power-

11
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ful new biological tools at their command. The transformation of hu-
manity has already begun with egg and sperm donation, which allows 
parents to select donors who have favorable sets of characteristics that 
the parents hope will be incorporated into their offspring. IVF and ge-
netic testing enable parents to select and implant only those embryos 
that possess the best genes. More active forms of genetic engineering lie 
just around the corner, transhumanists point out, with the somatic type 
of gene therapy that gave Ashanti DeSilva a partially functioning im-
mune system to be followed by genetic manipulation that eradicates the 
disorder from the germ line. People may be alarmed at fi rst by these new 
technological capabilities, transhumanists admit, but eventually they 
will get used to them. “Germline engineering represents a shift in human 
reproduction,” admits Gregory Stock, “but as effective somatic therapies 
become common, reduced public concern about genetic interventions 
in general will smooth the way for a move from screening and selecting 
embryos to actually manipulating them.”6

Transhumanists also accept the fact that active forms of evolutionary 
engineering will begin by targeting disease. According to transhumanist 
James Hughes, “the fi rst benefi ciaries of these technologies will be the 
sick and disabled, for there is little controversy that they should be able 
to use technology to more fully control their own lives.”7 Not all diseases 
will be targeted at once, observes Princeton molecular biologist Lee Sil-
ver: “It will begin in a way that is most ethically acceptable to the largest 
portion of society, with the treatment of only those childhood diseases 
like sickle cell anemia and 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.”8

Gene therapy for serious childhood diseases will be followed by ge-
netic treatments for diseases that are less severe for children or that 
do not manifest symptoms until adulthood, such as predispositions to 
obesity, diabetes, heart disease, asthma, and some forms of cancer.9 One 
technique for treating cancer that Gregory Stock proposes is inserting a 
gene into cells which instructs them to manufacture a poison that kills 
them, but which only switches on in the presence of a hormone that is 
not naturally present in the body. A doctor would inject the hormone 
into a cancer patient at the site of a tumor, stimulating the cancer cells 
to release the suicidal poison.10 Stock also is excited about artifi cially 
constructed chromosomes, which could transport genes that combat can-
cer, aging, and obesity into the body. Human artifi cial chromosomes or 
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HACs were developed in 1997; the idea is to embed desired genes in 
small synthetic chromosomes that can be introduced into cell nuclei, 
where they would take up residence along with the other naturally oc-
curring chromosomes and be passed on to daughter cells when the par-
ent cells divided.

Another approach that transhumanists have embraced is a genetic 
vaccine. John Harris, a law professor and bioethicist at the University of 
Manchester in England, for example, describes how David Baltimore’s 
lab at Caltech is exploring the possibility of engineering resistance to 
cancer and viruses such as HIV by manipulating the immune system, in 
much the same way that a vaccine stimulates the production of antibod-
ies.11 This project is “a grand challenge,” says Harris, and “the benefi ts 
of this and related work around the world are incalculable.”12 Former 
Washington Post reporter Joel Garreau asks why this vaccine idea could 
not be extended to pain, so that people felt acute pain only as long as it 
took to make it clear to them that something was wrong and that they 
needed to obtain medical help.13

After physical disease and unnecessary pain have been overcome, 
transhumanists turn their attention to mental ailments. “The fi nal fron-
tier,” proclaims Lee Silver, “will be the mind and the senses.”14 Microsoft 
computer scientist Ramez Naam, author of the 2005 book More Than 
Human: Embracing the Promise of Biological Enhancement, predicts 
that ADHD, bipolar disorder, depression, and anxiety will soon fall to 
the assaults of the gene doctors.15 Silver adds alcoholism to this list, while 
Stock tosses in drug addiction. “Between gene therapies, better drugs 
and nano-neuro brain prostheses,” James Hughes predicts, “mental ill-
ness will likely join cancer and aging in being completely preventable 
and controllable by the latter twenty-fi rst century.”16 For that matter, 
asks Simon Young, why not proceed to correct emotional dysfunction 
that falls short of full-blown mental illness, such as nervousness, gloomi-
ness, timidity, and lethargy?17

With humans now healthy both physically and mentally, the next item 
on the transhumanists’ agenda is genetic enhancement. Young foresees 
that, like the physical diseases that gene therapy will tackle fi rst, the fi rst 
traits that will be enhanced genetically will be physical characteristics 
such as strength, stamina, vitality, and virility.18 Physical beauty certainly 
will be a prime candidate. In 2010, 11 million American women and more 
than a million American men paid $10 billion for 12.5 million cosmetic 
procedures, including almost 300,000 breast enlargements, 250,000 
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nose jobs, 230,000 eyelid procedures, 200,000 liposuctions, 115,000 
tummy tucks, and 5 million Botox treatments.19 More than 200,000 of 
these consumers were under the age of 19.20 Asians who prefer the look 
of Western eyes undergo eyelid surgery to add a crease in the upper lid. 
In China, where being tall is a premium for certain high-paying jobs, 
people endure leg-lengthening surgery in which their shin bones are re-
peatedly sawn through, pulled apart, and fi xed in place with metal pins 
and braces until the ends of the bone attach to each other. If people are 
willing to go to these lengths to improve their appearance, there is no 
doubt that parents will seek to use genetic modifi cation to improve their 
children’s looks.

Another popular type of modifi cation will be enhancing physical per-
formance. The constant battles between sports offi cials and rogue ath-
letes, coaches, trainers, and chemists testify to the huge demand for bio-
medical advantages in sports. In 2005, the U.S. Anti-Doping Agency 
conducted 8,175 tests for banned substances and imposed sanctions on 
20 athletes.21 The World Anti-Doping Agency (WADA) performed 3,279 
tests worldwide in 2006, 57 of which were positive.22 WADA even runs 
testing programs for the Paralympics, the competition for elite athletes 
with disabilities that is held alongside the regular Olympics. In the 2004 
Athens Paralympic Games, one powerlifter was disqualifi ed for using a 
diuretic, two more forfeited bronze metals after testing positive for ste-
roids, and a visually impaired tandem cyclist lost his silver medal after 
his “pilot” tested positive for an anti-infl ammatory drug believed to in-
crease endurance.23

In their quest for an edge, athletes already are turning to genetic tech-
nology. Within 10 years of the invention of recombinant DNA engineer-
ing, in which an organism is given DNA from different sources, biotech 
companies were adding human genes that instruct cells to manufacture 
the human hormone erythropoietin (EPO) to hamster ovarian cells, caus-
ing the hamster cells to start producing the human hormone. The U.S. 
Food and Drug Administration (FDA) approved the resulting synthetic 
EPO to treat anemias, illnesses triggered by chemotherapy and other 
conditions that leave patients with too few red blood cells, which EPO 
treats by stimulating the bone marrow to produce more red blood cells. 
It didn’t take long for athletes to realize that the hormone also could 
enhance performance, since the additional red blood cells would deliver 
more oxygen to the muscles, enabling them to produce more energy. As a 
result, the use of synthetic EPO was banned in elite sports in the 1990s.24
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Two other human hormones that may enhance athletic performance, 
human growth hormone and insulin-like growth factor 1 (IGF-1), also have 
been manufactured using recombinant DNA. Similar to Gregory Stock’s 
poison gene that only produces its cancer-killing chemical in the pres-
ence of an injected hormonal trigger, there is even a “gene factory” called 
Repoxygen that, when inserted into muscle cells, produces EPO only 
when it senses low amounts of oxygen in the surrounding tissue, such 
as when oxygen is depleted during exercise. This worries anti-doping of-
fi cials because the additional amounts of EPO intermittently produced 
by Repoxygen may not be detected by drug tests. Athletes are also in-
terested in a protein called myostatin; the less of it you have, the big-
ger your muscles. Techniques to reduce the amount of myostatin in the 
body are being tested to treat muscle-wasting diseases such as muscular 
dystrophy, and researchers have developed an antibody that blocks the 
production of the protein in mice.25

Performance enhancement by directly modifying DNA is a more dis-
tant prospect for humans, but researchers led by Ron Evans at the Salk 
Institute have modifi ed a gene in mice to increase the production of a 
protein called PPARdelta. The original idea was to produce leaner mice 
because PPARdelta improves their ability to break down fat. The genetic 
modifi cation that Evans and his colleagues used turned out to have an 
added bonus, however: the extra protein also increased the number of 
“slow-twitch” muscles in the mice, the type of muscles that endurance 
athletes such as marathon runners develop. Sure enough, Evans’s mice 
behaved like they had been training to run marathons. Whereas normal 
mice placed on treadmills can go about 900 meters before tiring out, the 
mice with the modifi ed gene ran twice that far.26 What’s more, the off-
spring of these supermice inherited the same stamina-increasing gene, 
making this a successful example of germ line genetic enhancement.

Eventually, someone is bound to try to make these sorts of genetic 
alterations in primates, followed by humans. The fi rst customers may be 
athletes looking for a performance advantage. Improvements in perfor-
mance also are of interest to the military. A chapter entitled “Be All You 
Can Be” in Joel Garreau’s 2005 book Radical Evolution: The Promise 
and Peril of Enhancing Our Minds, Our Bodies—and What It Means 
to Be Human discusses how genetic engineering could be used to make 
super soldiers. If whales and dolphins slept the way humans do, for ex-
ample, they’d drown, so half of their brains stay awake while the other 
half sleeps. If we could fi gure out how to engineer this in humans, Gar-
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reau claims, soldiers could remain partially alert while they slept. Gar-
reau also suggests that, since the mitochondria in the cell provide the 
energy that enables the cell to function, multiplying the number of mito-
chondria per cell ought to give soldiers more energy.27

Some of the ideas put forward by transhumanists are more fanciful. 
Why not give people four-color vision, asks Lee Silver. Silver predicts 
that being able to perceive a four-color world, rather than the normal 
three colors of red, green, and blue, would produce a sensory experi-
ence similar to that of a color-blind person, who can see in only one or 
two colors, suddenly being able to see all three. Silver also imagines giv-
ing people a sense organ that can “see” radio frequencies and is then 
able to both send and receive radio waves, so that people can transmit 
their thoughts radiotelepathically.28 Garreau agrees that humans will be-
come telepathic and speculates that our minds will become able to heal 
wounds by radioing repair instructions to the affected tissues.29

Transhumanists also have few qualms about adding animal traits to 
humans. Oxford professor Julian Savulescu sees no reason, for example, 
why people couldn’t develop the visual acuity of hawks.30 As Silver ob-
serves, “if something has evolved elsewhere, then it is possible for us to 
determine its genetic basis and transfer it into the human genome.”31 
Humans could easily acquire “relatively simple animal attributes,” such 
as ultraviolet or infrared vision, which would enable us to see much bet-
ter at night, along with light-emitting organs from fi refl ies and fi sh, elec-
tric generators from eels, and magnetic metal detectors and compasses 
from birds. More advanced animal capabilities would likely follow, such 
as a dog’s sense of smell, which allows it to detect and identify molecules 
present in the air in tiny concentrations, and a bat’s sonar system, which 
would permit people to move about securely in total darkness.32

i
Although increasing technical diffi culty is undoubtedly a main rea-

son why transhumanists contemplate a gradual progression for human 
genetic engineering, they clearly are sensitive to the need to move cau-
tiously in order to prevent a backlash that would threaten their agenda. 
Hence, it comes as no surprise that they reserve the transformation of 
the mind, which we associate most closely with our sense of personhood 
and self-identity, for last.

High on the list of mental alterations is improving the way humans 
think. Transhumanists expect that genetic modifi cations will make us more 
intelligent, give us better memories, and ramp up our powers of con-
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centration. Simon Young predicts that humans will reason, learn, and 
create at much higher speeds.33 Joel Garreau wants to add photographic 
memories, total recall, and the ability to read books in minutes.34 James 
Hughes comments that while “pessimists insist that intelligence is far 
too complex to be changed with gene therapy, it appears we will be able 
to tweak our own intelligence with gene therapies targeted at ‘g genes,’ 
and increase the intelligence of our children through germinal choice.”35 
(G genes code for proteins that affect the speed at which information 
passes in and out of cells.)36

Researchers at the University of Pennsylvania, for example, have created 
a strain of “smart” mice that produce more of a protein called NR2B, giving 
them superior memory and learning abilities.37 Studies in humans have 
identifi ed a gene called dysbendin on chromosome 6 and another called 
SNAP-25 on chromosome 20 that are associated with cognitive ability.38 
23andMe, the company mentioned in the previous chapter which fur-
nishes genetic testing directly to consumers over the Internet, sells a test 
for the SNAP-25 gene that the company claims can provide information 
about “measures of intelligence.” Canadian researchers have identifi ed 
a gene that codes for a protein called eIF2Ð that impairs memory, and 
they have shown that mice with a genetic mutation that prevents the 
protein from being produced perform better on memory tests.39 A study 
funded by the NIH found that people with a certain variant of the gene 
catecholamine-O-methyltransferase (COMT) can improve both memory 
and problem solving by taking a drug called tolcapone, which is pre-
scribed for patients with Parkinson’s disease.40 A Chinese research insti-
tute located in Hong Kong has purchased more than $90 million worth 
of advanced genetic sequencing machines and is using them, among 
other things, to sequence the DNA of 2,000 Chinese schoolchildren to 
search for genes that correlate with educational testing scores.41

Transhumanists want to go beyond improving memory and cogni-
tion, however. Silver proposes engineering the mind to make people bet-
ter at business, art, and music. Stock, noting that “gene therapy has been 
used to turn lazy monkeys into workaholics by altering the reward centre 
in the brain,”42 suggests that we can enhance industriousness, and he also 
speculates that perfect pitch may be just a matter of altering a single 
gene.43 Garreau says we’ll do away with the need to sleep.44

Transhumanists also recognize the danger that if people become clev-
erer and stronger, they might use their newfound abilities for ill-gotten 
gain. Economist Robin Hanson, for example, imagines an enhancement 
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that would make it easier to deceive people: “One tempting enhance-
ment will be to better control the various subconscious clues we give off, 
so that we can lie more convincingly. We might put our facial expressions 
under more conscious control, for example, and use hidden internal 
speed improvements to help us fake reaction times.”45 Transhumanists 
therefore recommend that evolutionary engineering also eradicate anti-
social behaviors such as criminality and extreme aggression.46

While parents already use relatively crude techniques such as sperm 
sorting, IVF, and abortion following prenatal testing to avoid giving birth 
to a baby of the wrong gender, in the future, gender likely will be de-
termined directly by genetic manipulation. For that matter, says Stock, 
genetic engineers could establish the person’s sexual orientation,47 and 
Australian philosopher Peter Singer points to genetic experiments on 
promiscuity in which “researchers used gene therapy to introduce a gene 
[the vasopressin receptor gene] from the monogamous male prairie 
vole, a rodent which forms life-long bonds with one mate, into the brain 
of the closely related but polygamous meadow vole. Genetically modifi ed 
meadow voles became monogamous, behaving like prairie voles.” This 
form of genetic alteration, notes Singer, should appeal particularly to 
Christians.48

In addition, evolutionary engineering might be employed simply for 
fun. No need to put up with such dull-colored skins, Naam observes, 
when installing genes from tropical birds and fi sh that code for protein 
dyes would give us skin and hair in vibrant red, blue, and yellow hues. Or 
we could import animal genes that make us glow fl uorescent green in the 
dark,49 like the marmosets mentioned in the introduction.

Perhaps in keeping with the current public health campaign against 
obesity, transhumanists also extol modifying genes to make us svelte. 
Futurists Ray Kurzweil and Ramez Naam suggest that genetic engineer-
ing could enable people to eat as much as they wanted while remaining 
thin.50 Kurzweil describes a conversation he had with James Watson, 
the codiscoverer of the double-helix structure of DNA, in which Watson 
predicted that in 50 years there would be drugs that would allow people 
to eat without gaining weight. “Fifty years?” scoffed Kurzweil. “We have 
accomplished this already in mice by blocking the fat insulin receptor 
gene that controls the storage of fat in the fat cells. Drugs for human 
use . . . will be available in fi ve to ten years, not fi fty.”51 The problem, ex-
plains James Hughes, is that we still have the metabolism that we fi rst 
developed when we became modern humans: “The basic cause of obe-
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sity is that we have bodies designed to spend hours walking around the 
savannah every day and brains that fi nd easy access to fats, sugar, and 
carbohydrates irresistible.”52 Genetic engineering will allow us to correct 
this evolutionary time lag, Hughes believes. He notes that “more than 
sixty pharmaceutical treatments to alter metabolism or reduce appe-
tite are being developed, based on more than 130 genes that have been 
discovered to regulate weight in humans. The gene or drug tweaks that 
keep us slim will likely be much simpler, modifying just one of those 
chemical pathways.”53

For Hughes, the key to happiness for our descendants will not just be 
the ability to be gluttons without gaining weight, however. The fact that 
sunny dispositions seem to travel in families, he says, indicates that we 
can use drugs and genetic modifi cation to “jack our happiness set point 
to its maximum without negative side effects.”54 Naam adds that genetic 
modifi cation will make us friendly, romantic, daring, and empathetic.55 
Joel Garreau interviewed a philosopher named Gregory Pence who pre-
dicted that our descendants will be engineered to have a more acute 
sense of wonder and curiosity and to tell better jokes.56 And he repeats 
Nick Bostrom’s observation that evolutionary engineering could open 
us up, in Garreau’s words, to “pleasures whose blissfulness vastly exceeds 
what any human has yet experienced.” According to Garreau, Bostrom

can imagine much cleverer philosophers than us. He can imagine new 
and different kinds of artworks being created that would strike us as 
fantastic masterpieces. He can imagine a love that is stronger and purer 
than any of us has ever felt—including preserving romantic attachment 
to one’s partner undiminished by time. Our thinking about what is pos-
sible for humans to attain is likely constrained by our narrow experi-
ence, [Bostrom] believes. We should leave room for the possibility that 
as we develop greater capacities, we will discover values that will strike 
us as more profound than those we can realize now, including higher 
levels of moral excellence.57

But future humans won’t only be healthy, strong, brilliant, blissful, fl u-
orescent, and more ethical. They will live longer, indeed much longer, 
and may even attain transhumanism’s ultimate goal, to live forever. “The 
Holy Grail of enhancement,” says John Harris, “is immortality.”58

The desire to live forever is nothing new, of course. The Babylonian 
Epic of Gilgamesh, perhaps the oldest known literary work, tells of a 
king who searched for the key to immortality. The medieval alchemists 
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sought not only to transmute base metals into gold but to discover the 
“philosopher’s stone” that would prevent aging. In the early twentieth 
century, men slept with virgins and ate ground-up, hormone-containing 
monkey testicles to keep themselves young. So far as is known, no one 
appears to eat monkey testicles anymore to prevent aging, but Americans 
spend more than $45 billion a year on anti-aging products and services, 
most of which are probably ineffective, and the American Academy of 
Anti-Aging Medicine, founded by osteopaths Ronald Klatz and Robert 
Goldman in 1993, now boasts almost 20,000 physician members.59

One popular potentially anti-aging product is human growth hor-
mone (HGH), which used to be available only in small quantities when 
it was extracted from the pituitary glands of corpses. But since 1985 it 
has been synthesized in virtually unlimited quantities using recombi-
nant DNA technology, and as many as 30,000 Americans pay in the 
neighborhood of $1,000 a month to have it injected for anti-aging pur-
poses.60 This is pretty amazing not only because there is no scientifi c evi-
dence that it works, but also because prescribing HGH to prevent aging 
is a federal felony.61 (This is due to a quirk in the federal food and drug 
laws that Congress put there as part of its effort to combat the use of 
performance-enhancing drugs in sports. In contrast to all other drugs, 
which doctors may prescribe for whatever medical purpose they wish, a 
practice known as “off-label use,” HGH may only be prescribed for the 
specifi c uses that the FDA has approved, and fi ghting aging isn’t one 
of them.) Leonard Hayfl ick, a leading gerontologist, scoffs at the gull-
ible consumers who buy HGH and their physicians who are all too will-
ing to oblige. “Yesterday’s prolongevists who searched for the fountain 
of youth, advocated sleeping with young virgins, encouraged grafting of 
monkey testicles, and ate yogurt,” he chaffs, “simply have been replaced 
with modern equivalents, who have equal probability for success.”62 Not 
only is there little evidence of success with these approaches, but anti-
aging hormone treatments have been shown to cause diabetes and glu-
cose intolerance63 and increase the risk of cancer,64 dementia,65 coronary 
heart disease, stroke, and pulmonary embolism.66

While effective life-extending treatments are not yet available, seri-
ous scientifi c work is underway. Spurred on by the NIH, whose Institute 
on Aging in 2001 declared “Unlocking the Secrets of Aging, Health and 
Longevity” to be one of its strategic goals, researchers are pursuing an 
approach called “caloric restriction,” which entails consuming only 70 
percent or less of the normal daily caloric intake. Roundworms, fruit 
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fl ies, and mice on such diets live an average of 40 percent longer. Since 
sticking to such a regimen is likely to be unrealistic for most people, the 
search is on for drugs that will produce the same result. One substance of 
interest is resveratrol, which comes from grape skins and may be a major 
explanation for why French people, who eat so much rich food, have not 
died out from heart disease.67

The transhumanists’ campaign against death is likely to follow much 
the same pattern as the other parts of their agenda. John Harris main-
tains that “we do not die of old age but of the diseases of old age. It is 
species typical of us to die of these as we normally do, but it is not neces-
sarily necessary that we do.”68 Initial efforts to prevent aging therefore 
will wield genetic engineering as a weapon against the illnesses of old 
age and will be passed off as an unremarkable use of gene therapy in the 
overall battle against disease. More direct attempts to slow or stop the 
aging process will follow. The fi rst step will be to identify genetic causes 
of aging and disable them. According to Simon Young, “we have learned 
to identify the genetic recipe for life. There is no reason to suppose that 
we will not go on to identify the genetic program for death.”69 Young cites 
the prediction by controversial anti-aging enthusiast Aubrey de Grey 
that humans soon will be living until they are 1,000 or even 5,000 years 
old. “Breakthroughs have been made,” Young proclaims. “The mecha-
nisms by which cells wear out, and the chemicals which extend their life, 
have been identifi ed.”70

Young is referring here specifi cally to telomeres, repetitive sequences 
of DNA that dangle from the ends of chromosomes. Each time a cell 
divides, some of this DNA is lost. When enough of it disappears, the cell 
stops dividing and reaches the end of its lifetime, and when enough cells 
stop dividing, the body, no longer able to repair itself, perishes. But in 
1984, researchers discovered an enzyme called telomerase that bears the 
instructions for replacing the lost DNA. Anti-aging enthusiasts immedi-
ately seized upon telomerase as a key clue to living longer by preventing 
cells from dying. In 2009, the discoverers of telomerase were awarded 
the Nobel Prize in Physiology or Medicine.

One small problem arises, though. If telomerase prevents cells from 
dying, they go on to divide indefi nitely and indeed become immortal. 
There is a name for immortal cells, however: cancer. In fact, the life span 
of our cells appears to be a balance between longevity and disease, with 
death the price we pay for avoiding malignancy. As disability rights ad-
vocate Anita Silvers explains,
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the gene which helps regulate cell-division raises its production as indi-
viduals age, increasing about ten-fold from age 20 to age 70. Because of 
this gene, as we grow older, the process whereby adult stem cells renew 
tissues slows down radically. But while this halting produces the symp-
toms of ageing it can also be benefi cial because it helps to inhibit the 
growth of cancer. The gene offsets the increasing risk of tumors spread-
ing by gradually reducing the ability of cells to proliferate. In teleologi-
cal terms, we might say that nature makes our body choose why we will 
die, trading increased vulnerability to deterioration from old age for 
an increased defense against death from the cumulative cell damage 
that ends up with cancer. The same biological process responsible for 
wrinkles, grey hair and weak bones is the one that fi ghts cancer.71

Another problem with telomerase is that telomere shortening apparently 
does not work the same way in other animals as it does in humans and 
other primates; consequently, there is no known animal model in which 
the action of the enzyme can be tested before we try it on ourselves.

The risk that we might invite a premature death from cancer by pro-
longing the process of cell division has dampened most of the interest in 
telomerase, but not all. One company in New York sells a dietary supple-
ment made from an extract of a Chinese herb called astragalus, which it 
claims triggers the release of the enzyme. A year’s worth of the product 
costs $14,000.72 The company runs a website for its adherents, whom 
it calls “Telonauts.” According to the website, these are people who “re-
fuse to sit by idly as time takes its toll on our bodies and minds when 
there is solid scientifi c technology (telomerase activation and other cool 
stuff ) available to prevent this.”73

It is unclear what “other cool stuff ” the website is referring to, but it 
might be cloned and cultured stem cells, which James Hughes regards 
as a potential means of replacing worn-out body parts.74 “[W]hat se-
niors diagnosed with dementia—and even people over 20 years old— 
really need,” Hughes says, “is a way of reversing brain damage. Stem cell 
research has shown that the brain is able to repair itself by growing new 
neural stem cells well into the senior years. As research unravels how 
‘neurotrophic’ chemicals govern the growth of neural stem cells in the 
brain, we will begin to develop drugs that encourage brain self-repair. . . . 
Even better than a neurotrophic pill would be a neurotrophic gene ther-
apy that helped the brain to repair itself.”75 According to Hughes, genes 
introduced into the brains of Alzheimer’s sufferers have been shown to 
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stimulate the production of nerve growth factor in the brain, helping to 
reverse atrophy.76

Other “cool stuff ” to combat aging might be genes from turtles, rock-
fi sh, and other animals that live long lives, which Julian Savulescu thinks 
hold the promise of longevity.77 Or it might be the work of a group of 
Cambridge, Massachusetts, researchers that includes a Boston Univer-
sity Medical School professor named Thomas Perls. In 1999, Perls started 
a project called the New England Centenarian Study, which by 2006 
had enrolled more than 800 people who were at least 100 years old in 
order to investigate their genes. By 2001, Perls and his colleagues were 
focusing their interest on chromosome 4, and in 2003, they announced 
that they had pinpointed an association between longevity and a gene 
on chromosome 4 called MTP, which plays a role in cholesterol metabo-
lism.78 In 2005, a group of German scientists declared that they could 
not repeat Perls’s results in larger populations of older people in France 
and Germany.79 Four years later, the German group identifi ed a different 
genetic variation, FOX03A, as being associated with longevity in their 
German subjects.80 Perls’s team continues to examine other genes, in-
cluding one called CGX1 and another they have named INDY, for “I’m 
Not Dead Yet,” after a line in the fi lm Monty Python and the Holy Grail.81

Transhumanists fi nd little point in living forever in old bodies, how-
ever, even in bodies that remain healthy. So in addition to being im-
mortal, they want humans to engineer themselves to be forever young. 
Ray Kurzweil, for example, is counting on cloning and stem cells to do 
the trick, the same technologies that John Harris wants to employ to 
eliminate the diseases of old age. Our bodies will be rejuvenated, says 
Kurzweil, “by transforming your skin cells into youthful versions of every 
other cell type.”82

i
Eternal life, perpetual happiness, and permanent youthfulness cer-

tainly seem worth looking forward to, and therefore it is not surprising 
that transhumanists articulate them as the goals attainable by control-
ling future human evolution. What is striking, however, is how closely 
the transhumanist vision resembles the images of heaven at the heart 
of most of the world’s religions. The main difference is that, with the ex-
ception of those who arrange to have their bodies or at least their heads 
cryogenically preserved when they die, today’s transhumanists cannot 
hope to enter into their paradise. Yet they regard this misfortune as all the 
more reason to spare their descendants the same fate. Transhumanism, 
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in short, bears a striking resemblance to religion. It seeks to provide 
hope in the face of death, a measure of control over the savage aspects of 
nature, and meaning to its followers’ existence. No wonder that there is 
a Mormon Transhumanist Association according to whose creed trans-
humanism is a means of realizing “diverse prophetic visions of transfi gu-
ration, immortality, resurrection, renewal of this world, and the discov-
ery and creation of worlds without end.”83

The transhumanists may yearn for a future of eternal human happi-
ness, but they aren’t very happy right now with one another. They once 
belonged to a single organization, the World Transhumanist Association 
(WTA), but they have now split into two factions. Hughes heads one, 
called Humanity+. Hughes is convinced that transhumanism must foster 
liberal democracy. He calls his movement “democratic transhumanism” 
and explains that it advocates “both the right to use technology to tran-
scend the limitations of the human body and the extension of demo-
cratic concerns beyond formal legal equality and liberty, into economic 
and cultural liberty and equality, in order to protect values such as equal-
ity, solidarity, and democratic participation in a transhuman context.”84 
The other faction, led by Simon Young, comprises libertarian trans-
humanists. “I’ve founded the World Transhumanist Society to counter 
the dominance of the ‘World Transhumanist Association’ by Marxists,” 
blogs Simon. “If you reject socialism (state control of resources), you re-
ally should reject the WTA: it’s run by a Marxist who advocates a world 
state that distributes eugenic enhancements as it sees fi t . . . the ultimate 
nightmare of a Brave New World.”85

Young and Hughes may disagree about the politics of transhumanism, 
but they have no doubts about the value of the technology or its ability 
to improve human existence. Fictional depictions of the future of evo-
lutionary engineering, however, are far from optimistic, with tech tech-
nology at best a mixed bag and at worst the destroyer of human society. 
Consider how far from perfect, for example, are the imagined lives of 
genetically engineered superheroes. In comic books, Captain America 
feels excessively guilty about the death of his sidekick, the Hulk has a 
dangerously short fuse, and the X-Men are scorned as “mutants.” In the 
movie Soldier, the hero played by Kurt Russell is a highly trained and 
carefully conditioned Special Forces soldier who is replaced and eventu-
ally hunted down by soldiers who have been genetically engineered to 
be superior, yet Russell whips them all single-handedly. In the Star Trek 
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movie The Wrath of Khan, Khan is a genetically engineered supertyrant. 
The main character in the television show Dark Angel, played by Jessica 
Alba, is a genetically engineered soldier whose design defect, an inability 
to manufacture serotonin, makes her suffer seizures. In his 1966 novel 
The Eyes of Heisenberg, Heinlein describes a distant future in which 
Earth is ruled by a small number of genetically engineered “Optimen” 
who rigidly control the genetic makeup and reproductive behavior of the 
rest of the population, which also has been genetically manipulated, but 
not to the extent of the Optimen. While everyone lives long lives by vir-
tue of taking special enzymes, the enzymes make the Optimen immortal. 
Yet the Optimen live in a culturally sterile and highly artifi cial environ-
ment and eventually prove unable to maintain their fragile hormonal 
balance.86

A recurrent theme in fi ctional accounts of human genetic engineer-
ing is the exploitation of persons who are genetically modifi ed. In the 
TV series Mutant X, an evil corporation tries to take advantage of mu-
tated offspring whom it secretly engineered. Ridley Scott’s classic fi lm 
Blade Runner features humanoids called “replicants” which the power-
ful Tyrell Corporation created from DNA to perform military and other 
tasks on distant planets and, in the case of the “pleasure model,” to serve 
as sex slaves. The replicants are extraordinarily strong and agile but have 
crimped emotions, and several of them return to Earth to try to extend 
their brief life spans. In Lois McMaster Bujold’s Nebula Award–winning 
1988 science fi ction novel Free Falling, a mining company sends Leo 
Graf, one of its engineers, to a distant planet to serve as a welding in-
structor. His students turn out to be youngsters whom the company has 
genetically engineered to be well suited for working in zero-gravity en-
vironments. The fi rst one Graf meets is Tony, who is told to go over and 
shake hands. “Tony pulled himself over obediently to the control panel. 
He wore red shorts—Leo blinked, and caught his breath in shock. The 
boy had no legs. Emerging from his shorts were a second set of arms.”87 
These youngsters, called “quaddies,” are treated by the mining company 
as its property (“post-fetal experimental tissue cultures”) rather than as 
persons, since the company “made” them.

In these fi ctional futures, exploitation goes hand in hand with corpo-
rate greed. People are being engineered primarily for profi t, rather than 
for their own good. Tyrell, the man whose company by the same name 
creates the replicants in Blade Runner, boasts that “commerce is our 
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goal here at Tyrell. More human than human is our motto.”88 Michael 
Crichton’s 2006 novel Next opens with a biotech venture capitalist pro-
claiming to a conference of fellow genetic entrepreneurs that “progress 
is our mission, our sacred calling. Progress to vanquish disease! Progress 
to halt aging, banish dementia, extend life! A life free of disease, decay, 
pain, fear! The great dream of humanity—made real at last!” Then comes 
the payoff: “Sixty billion this year. Two hundred billion next year. Five 
hundred billion in fi ve years! That is the future of our industry, and that 
is the prospect we bring to all mankind!”89 Like the transhumanists con-
cerned about the reactions of their opponents, the venture capitalist fo-
cuses on the health benefi ts of genetic engineering. “Of course, we face 
obstacles to our progress,” he acknowledges. “Some people—however well 
intentioned they think they are—choose to stand in the way of human 
betterment. They don’t want the paralyzed to walk, the cancer patient to 
thrive, the sick child to live and play. These people have their reasons for 
objecting, Religious, ethical, or even ‘practical.’ But whatever their rea-
sons, they are on the side of death. And they will not triumph!”90

Another common theme in fi ctional versions of evolutionary engi-
neering is that engineered people will face discrimination from normal 
people. Robert Heinlein’s 1982 novel Friday, for example, describes the 
plight of “artifi cial humans,” genetically enhanced beings who are not 
recognized as persons under the law, deemed by religions to be with-
out souls, and prohibited from marrying or owning property.91 In Nancy 
Kress’s 1993 Beggars in Spain, a small number of children are geneti-
cally engineered to live without needing to sleep. Known as “the Sleep-
less,” they are “more intelligent, better at problem-solving, and more 
joyous.”92 Their greater intelligence and problem-solving ability result 
from being able to conserve the expenditure of the energy necessary to 
make REM sleep possible. The lack of REM sleep also accounts for the 
improvement in their mood; researchers discover that eliminating REM 
sleep also prevents depression. When the fi rst Sleepless person dies in an 
auto accident at the age of 17, moreover, the autopsy reveals that, owing 
to a healthier immune system, his tissues have been regenerating them-
selves. In other words, the Sleepless do not age.

The reaction of the rest of the population, called “the Sleepers,” is one 
of jealousy and fear, and one of the Sleepless is even murdered. The ran-
cor they face perplexes one Sleepless person. “There have always been 
haters . . . , hate Jews, hate Blacks, hate immigrants,” she observes. “It 
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doesn’t mean any basic kind of schism between the Sleepless and the 
Sleepers.”93 But another Sleepless corrects her, telling her that she is

a different kind of person entirely. More evolutionarily fi t, not only to 
survive but to prevail. Those other objects of hatred you cite—they were 
all powerless in their societies. They all occupied inferior positions. You 
on the other hand—all three Sleepless in Harvard Law are on the Law 
Review. . . . Every Sleepless is making superb grades, none have psy-
chological problems, all are healthy, and most of you aren’t even adults 
yet. How much hatred do you think you’re going to encounter once you 
hit the high-stakes world of fi nance and business and scarce endowed 
chairs and national politics?94

The discovery that the Sleepless do not age exacerbates their social pre-
dicament. “Tampering with the law of nature has only brought among 
us unnatural so-called people who will live with the unfair advantage of 
time,” says one anti-Sleepless news source. “Time to accumulate more 
kin, more power, more property than the rest of us will ever know,” warns 
another. “How soon before the Super-race takes over?” clamors a third.95 
Then comes the additional revelation that sleeplessness, in addition to 
being engineered into the germ line, is a dominant trait; not only will the 
next generation of babies born to Sleepless parents be Sleepless, but so 
will any offspring of a Sleepless parent who reproduces with a Sleeper.96 
This only adds fuel to the fi re.

The Sleepers react with intolerance. Sleepless are prevented from rent-
ing apartments because “their prolonged wakefulness would increase 
both wear-and-tear on the landlord’s property and utility bills.” They are 
not allowed to operate 24-hour businesses because they have an unfair 
competitive advantage. They are banned from jury duty because a jury 
that they served on would not be a jury of “one’s peers.” Georgia declares 
sex between a Sleepless and a Sleeper to be a third-degree felony, the 
same as bestiality.97 Although Sleepers avail themselves of a number of 
types of genetic engineering, including “enhanced IQ, sharpened sight, 
a strong immune system, [and] high cheekbones,” they do not opt for 
Sleeplessness. “Genetic alterations were expensive,” writes Kress. “Why 
purchase for your beloved baby a lifetime of bigotry, prejudice and 
physical danger? Better to choose an assimilated genemod. Beautiful or 
brainy children might encounter natural envy, but usually not virulent 
hatred. They were not viewed as a different race, one endlessly conspir-
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ing at power, endlessly controlling behind the scenes, endlessly feared 
and scorned. The Sleepless . . . were to the twenty-fi rst century what 
Jews had been to the fourteenth.”98

Eventually the Sleepless take refuge in a 150-square-mile fortifi ed 
zone called the Sanctuary, and fi nally they are hounded off the planet to 
an orbiting space station that they have constructed.99 Society ultimately 
divides into three classes: the small number of Sleepless who provide 
the technical, scientifi c, and fi nancial know-how to run the automated 
production systems; a larger group of “donkeys” who are genetically en-
hanced though not Sleepless and comprise the politicians and bureau-
crats who run the government and the economy; and the “Livers,” who 
make up 80 percent of the population and, receiving everything they 
need for free, live a life of leisure. Ultimately the Sleepless decide that 
they need children more advanced than themselves to perpetuate their 
domination of the world and to avoid “the well-known phenomenon of 
intellectual regression to the mean, in which superior parents have chil-
dren of only normal intelligence,”100 so they engineer a new, more ad-
vanced human called Superbrights.

In the 1997 fi lm Gattaca, the discrimination runs in the other direc-
tion. The future society the fi lm depicts is ruled by those with superior 
genes. Parents use PGD to select the two or three best embryos to implant 
in the womb from the dozen or so that have been fertilized in vitro, and 
they also appear to manipulate the embryos’ genes. When the parents of 
the hero, Vincent, decide to have another child, for example, the geneti-
cist they consult tells them that he has “taken the liberty of eradi cating 
any potentially prejudicial conditions—premature baldness, myopia, al-
coholism and addictive susceptibility, propensity for violence, obesity.” 
He also assuages their concerns about whether they should leave some 
things to chance by saying, “You want to give your child the best possible 
start. Believe me, we have enough imperfections built in already. The 
child doesn’t need any additional burdens. Keep in mind this child is 
still you, simply the best of you. You could conceive naturally a thousand 
times and never get such a result.” Vincent, who is an “in-valid” because 
he was conceived without genetic enhancement, fakes his way into the 
privileged class of “valids” by using an engineered person’s DNA to fool 
the ubiquitous DNA analyzers. “I belong to a new underclass, no longer 
determined by social status or the colour of your skin,” Vincent explains. 
“We now have discrimination down to a science.” Indeed, when he ap-
plies for a job at Gattaca Aerospace Corporation, where he eventually 
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hopes to become an astronaut, Vincent’s job interview consists entirely 
of a urinalysis to test his genes, which he passes by substituting a sample 
of the engineered person’s urine.

When people think of the ultimate scientifi c dystopia in which geneti-
cally superior humans rule the roost, what often comes to mind is Aldous 
Huxley’s Brave New World. In this novel, however, humanity is enslaved 
by combining a reproductive cloning method called the “Bokanovsky 
process” which enables large numbers of identical members of the four 
lower human castes to be produced from a single egg with extensive be-
havioral conditioning and the use of the psycho- pharmaceutical soma, 
which Huxley describes as having “all the advantages of Christianity and 
alcohol, none of their defects.”101 (In Brave New World, soma is a psycho-
active substance. There actually is a drug called “Soma,” a brand name 
for the muscle relaxant carisoprodol.) As unappealing as it is, Huxley’s 
future society is not the product of genetic engineering, probably be-
cause the idea was too far advanced for his time.

The most disturbing depiction of human genetic engineering is in 
fact Margaret Atwood’s Oryx and Crake. The book jumps back and forth 
through the life of a character named Jimmy (the Snowman), but chron-
ologically, the story begins with society having divided into the privi-
leged class, who work for corporations and live in gated compounds, 
and the hoi polloi, who live in the dirty, unruly “pleeblands.” Some of 
the corporations pursue cosmetic biotechnology. One of their goals, for 
example, “was to fi nd a method of replacing the older epidermis with a 
fresh one, not a laser-thinned or dermabraded short-term resurfacing 
but a genuine start-over skin that would be wrinkle- and blemish-free.” 
After all, “what well-to-do and once-young, once beautiful woman or 
man, cranked up on hormonal supplements and shot full of vitamins 
but hampered by the unforgiving mirror, wouldn’t sell their house, their 
gated retirement villas, their kids, and their soul to get a second kick at 
the sexual can? Nooskins for Olds, said the snappy logo.”102

Jimmy’s father is a scientifi c researcher for one of these corporations, 
and his mother eventually becomes so disgusted with her husband’s 
projects, which include growing human brain tissue in genetically en-
gineered animal hybrids, that she abandons the family. “You hype your 
wares,” she complains to Jimmy’s father, “and take all their money and 
then they run out of cash, and it’s no more treatments for them. They can 
rot as far as you and your pals are concerned.”103 The corporations that 
concentrate on health care products realize that they can’t survive if peo-



30  what is to come?

ple don’t get sick, so in addition to selling cures and genetic preventives, 
they insert genetically engineered pathogens into their premium brands 
of vitamins. “Naturally they’ve developed the antidotes at the same time 
as they’re customizing the bugs,” Jimmy’s brilliant but deranged idol 
Crake tells him, “but they hold those in reserve, they practice the eco-
nomics of scarcity, so they’re guaranteed high profi ts.”104

In Atwood’s novel, animal genetic engineering has become bizarre. 
Jimmy encounters “a large bulblike object that seemed to be covered 
with stippled whitish-yellow skin. Out of it came twenty thick fl eshy 
tubes, and at the end of each tube another bulb was growing. . . . ‘Those 
are chickens,’ said Crake. ‘Chicken parts. Just the breasts, this one. 
They’ve got ones that specialize in drumsticks too, twelve to a growth 
unit.’ ” Jimmy says that he can’t see any heads. “That’s the head in the 
middle,” explains Crake. “There’s a mouth opening at the top, they dump 
the nutrients in there. No eyes or beak or anything, they don’t need 
those.”105 The corporation is thinking of calling them “ChickeNobs,” adds 
Crake. “They’ve already got the takeout franchise operation in place.”106

When Jimmy reaches adulthood, Crake wipes out virtually the en-
tire population with a virus he creates so that he can repopulate the 
planet with a new type of humanoid that he has genetically engineered 
called the Children of Crake. As Crake explains, “once the proteonome 
had been fully analyzed and interspecies gene and part-gene splicing 
were thoroughly underway, [creating the Children] or something like 
it had been only a matter of time.”107 Crake has made them “amazingly 
 attractive . . . each one naked, each one perfect, each one a different skin 
colour—chocolate, rose, tea, butter, cream, honey—but each with green 
eyes.”108 Moreover, he has painstakingly designed the Children to be well 
adjusted. “What had been altered,” Jimmy learns from Crake,

was nothing less than the ancient primate brain. Gone were its destruc-
tive features, the features responsible for the world’s current illnesses. 
For instance, racism . . . had been eliminated in the model group, 
merely by switching the bonding mechanism: the . . . people simply 
did not register skin colour. Hierarchy could not exist among them, 
because they lacked the neural complexes that would have created it. 
Since they were neither hunters nor agriculturalists hungry for land, 
there was no territoriality. . . . They ate nothing but leaves and grass 
and roots and a berry or two; thus their foods were plentiful and 
always available. . . . In fact, as there would never be anything for these 
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people to inherit, there would be no family trees, no marriages, and no 
divorces. They were perfectly adjusted to their habitat, so they would 
never have to create houses or tools or weapons, or, for that matter, 
clothing. They would have no need to invent any harmful symbolisms, 
such as kingdoms, icons, gods, or money.

Jimmy interrupts Crake at this point. “’Excuse me,” he says. “But a lot of 
this stuff isn’t what the average parent is looking for in a baby. Didn’t you 
get a bit carried away?” “I told you,” Crake replies. “These are the fl oor 
models. . . . We can list the individual features for prospective buyers, 
then we can customize. Not everyone will want all the bells and whistles, 
we know that. Though you’d be surprised how many people would like 
a very beautiful, smart baby that eats nothing but grass. The vegans are 
highly interested in that little item. We’ve done our market research.”109

One of Crake’s more exotic alterations is the Children’s method of re-
production: the women go into heat every three years. (Interestingly, Jes-
sica Alba’s genetically engineered character in Dark Angel also goes into 
heat, having been given feline DNA, but it happens to her three times a 
year.) The fact that a woman is in heat, Jimmy observes, “will be obvious 
to all from the bright-blue colour of her buttocks and abdomen—a trick 
of variable pigmentation fi lched from the baboons, with a contribution 
from the expandable chromospheres of the octopus.”110 This is for practi-
cal rather than artistic reasons. “Since it’s only the blue tissue and the 
pheromones released by it that stimulates the males,” explains Jimmy,

there’s no more unrequited love these days, no more thwarted lust; no 
more shadow between the desire and the act. Courtship begins at the 
fi rst whiff, the fi rst faint blush of azure, with the males presenting fl ow-
ers to the females—just as male penguins present round stones, said 
Crake, or as the male silverfi sh presents a sperm packet. At the same 
time, they engage in musical outbursts, like songbirds. Their penises 
turn bright blue to match the blue abdomens of the females, and they 
do a sort of blue-dick dance number, erect members waving to and fro 
in unison, in time to the foot movements and the singing; a feature 
suggested to Crake by the sexual semaphoring of crabs. From amongst 
the fl oral tributes the female chooses four fl owers, and the sexual 
ardour of the unsuccessful candidates dissipates immediately, with no 
hard feelings left. Then, when the blue of her abdomen has reached its 
deepest shade, the female and her quartet fi nd a secluded spot and go 
at it until the woman becomes pregnant and her blue coloring fades. 
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And that is that. . . . No more prostitution, no sexual abuse of children, 
no haggling over the price, no pimps, no sex slaves. No more rape.111

The Children also were designed to drop dead when they reached 30, 
“suddenly, without getting sick. No old age, none of those anxieties. 
They’ll just keel over.”112 Moreover, they have no sense of humor. “For 
jokes you need a certain edge, a sense of malice,” Crake tells Jimmy. “’It 
took a lot of trial and error and we’re still testing, but I think we’ve man-
aged to do away with jokes.”113

There is one fi nal take on evolutionary engineering that fi ction writ-
ers share: evolutionary engineers make plenty of mistakes and their cre-
ations suffer lots of unexpected, adverse effects. In Kress’s Beggars in 
Spain, there originally were twenty Sleepless babies, but one of them 
was shaken to death by its mother, who “could not bear the 24-hour cry-
ing of a baby who never sleeps.”114 The Sleepless at least look normal; the 
more advanced Superbright children, on the other hand, have heads that 
are large and misshapen and their brains fi re so energetically that they 
twitch and stutter. In Atwood’s Oryx and Crake, the corporations’ search 
for a way to engineer new skins encountered setbacks: “Not that a totally 
effective method had been found yet: the dozen or so ravaged hopefuls 
who had volunteered themselves as subjects . . . had come out looking 
like the Mould Creature from Outer Space—uneven in tone, greenish 
brown, and peeling in ragged strips.”115

One of the superabilities the Children of Crake possess is that they are 
able to heal wounds and broken bones by purring like a cat. But Crake 
is not able to install this feature without some setbacks. “One of the trial 
batch of kids had manifested a tendency to sprout long whiskers and 
scramble up the curtains; a couple of the others had vocal-expression 
impediments; one of them had been limited to nouns, verbs, and roar-
ing.”116 Atwood blunts much of the bleakness of her account with this 
sort of drollery. For example, Crake develops an aphrodisiac pill that 
protects against sexually transmitted diseases, prolongs youth, and ster-
ilizes those who take it. “They hadn’t got it to work seamlessly yet, not 
on all fronts,” Jimmy explains. “A couple of the test subjects had literally 
fucked themselves to death, several had assaulted old ladies and house-
hold pets, and there had been a few unfortunate cases of priapism and 
split dicks.”117

But whereas Atwood is frequently humorous, there is nothing funny 
in Crichton’s description of the diffi culties encountered by genetic en-
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gineers in his novel Next. “The successful injection of transgenes,” he 
writes, “was a tricky business, and required dozens, even hundreds, of 
attempts before it worked properly. . . . In reality, the task of injecting a 
gene into an animal and making it work more closely resembled debug-
ging a computer program than it did any biological process. You had 
to keep fi xing the errors, making adjustments, eliminating unwanted 
effects, until you got the thing working. And then you had to wait for 
downstream effects to show up, sometimes years later.”118

So what does the future of evolutionary engineering hold? The differ-
ences between the transhumanists’ encomiastic visions and the novel-
ists’ horrifi c images are striking. Will our descendants be graced with 
beatifi c transfi guration and immortality, or will they struggle to survive 
in frightful worlds where corporate greed and scientifi c hubris have 
brought forth exploitation, political oppression, and dreadfully dam-
aged human or humanlike beings? The answer, of course, is that it is 
impossible to tell so long as the gap between the current level of technol-
ogy and the discoveries needed to fashion our descendants remains so 
great. Yet the same embryonic state of scientifi c development that cre-
ates so much uncertainty about the future also increases the possibility 
that we can control it, that we can channel our evolution in a desirable 
direction. The question then is how to do this, how, in effect, to engineer 
evolutionary engineering, so that humanity does not unwittingly fashion 
itself a hell on earth, or produce an even worse scenario in which it has 
become extinct by its own hand. The writers who describe their dysto-
pias so imaginatively give us no suggestions, so we must turn elsewhere. 
One place to start is with other scientifi c advances that raised fears of the 
destruction of the human race. What can we learn from the fact that we 
are still here?



chapter two

Thinking about the Unthinkable

Worrying about threats to the future of humanity has become 
 something of a cottage industry among academics. Cass Sunstein, 

Harvard law professor and director of the White House Offi ce of Infor-
mation and Regulatory Affairs under the Obama administration, has 
written two books on the subject: Laws of Fear: Beyond the Precaution-
ary Principle in 2004,1 and Worst-Case Scenarios in 2007.2 Richard Pos-
ner, a former law professor at the University of Chicago who is now a 
judge on the U.S. Court of Appeals, tackled the subject in his 2004 book 
Catastrophe: Risk and Response.3 A number of other scholars have writ-
ten critiques of these authors and of one another.

Posner is a brilliant but controversial public intellectual who has pro-
duced an enormous amount of work from the “law and economics” per-
spective, a school of thought that originated to a large extent at the Uni-
versity of Chicago and holds that the best way to maximize well-being 
is to rely on the operation of the market. In his book on planetary catas-
trophe, Posner discusses a number of natural and man-made potential 
risks to the future of the species and applies his law and economics ap-
proach to determine what should be done to avoid them. One question 
he asks, for example, is how much to spend on prevention. The answer, 
Posner argues, requires the use of what he calls “inverse cost-benefi t 
analysis.”4 Basically, this involves making three calculations: the amount 
that is actually being spent to avoid the calamity, the probability that the 
catastrophe will occur, and the losses if it were to do so. For example, 
Posner calculates that the planet is spending around $3.9 million a year 
to prevent cataclysmic collisions with large asteroids, and he cites expert 
estimates that the chances of this happening are about once in every 75 
million years. If the result would be the destruction of all human life, 
and if we simply consider the 6 billion or so people now alive and ig-
nore persons whom the asteroid strike would prevent from being born 
in the future, this would yield an implicit value of a single human life at 
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$50,000. This is far too low, says Posner, which therefore tells us that we 
are not spending enough to avert an asteroid collision.5

Posner himself does not address the dangers created by attempts to 
control human evolution, but what if we applied his approach? It is hard 
to calculate how much government money, if any, is being spent on pre-
venting the demise of humanity through harmful genetic engineering. 
The NIH has an Ethical, Legal, and Social Implications (ELSI) pro-
gram,6 which studies and attempts to guide policy on emerging human 
genetic technologies. Let’s assume that 10 percent of the $18 million 
annual ELSI budget is being spent on averting an evolutionary catas-
trophe. The NIH also has a Recombinant DNA Advisory Committee, 
which advises the NIH and the FDA on genetic engineering research, 
and it has an annual budget of about $2 million. Let’s add that entire 
budget to the pot. In addition, let’s assume that 10 percent of the FDA’s 
$245 million annual budget for its Center for Biologics Evaluation and 
Research,7 which regulates genetic products, is spent on regulating the 
safety of human genetic engineering. Combining these fi gures yields an 
annual expenditure of around $28.3 million by the U.S. government 
alone. If we assume that this is all that the world is spending, that the 
value of a human life is $1,000,000, and that only 6 billion lives would 
be lost if the human race were wiped out, then this yields a probability 
of extinction of about once in every 50 million years. This risk estimate 
might seem comforting, since Homo sapiens have only been around for 
around 200,000 years, but since no one knows the actual probability 
that directed evolution would end humanity, it is hard to tell from Pos-
ner’s method if enough is being spent on prevention.

Some of the risks that Posner, Sunstein, and others worry about are 
the cumulative effects of lots of individual human behaviors, for exam-
ple, global warming resulting from the overuse of fossil fuels. Other risks, 
such as those arising from artifi cial intelligence and nanotechnology, 
stem from the very substance of major scientifi c research programs. In 
certain respects, directed evolution resembles global warming, in that 
there would have to be many individual acts, affecting a large number 
of births, in order for there to be a signifi cant impact on the future of 
humankind. At the same time, however, modern genetic engineering is 
being jump-started by massive government research programs, begin-
ning with the Human Genome Project, which collectively receive more 
than half a billion dollars a year in federal funding. In thinking about 
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how to respond to the dangers of evolutionary engineering, it therefore 
seems useful to consider what happened in the past when major scien-
tifi c research programs raised fears that could spell the end of humanity.

The fi rst time big science was considered to be such a threat was dur-
ing the Manhattan Project. Not long before the fi rst test of an atomic 
bomb at the Trinity site in New Mexico, Edward Teller, a researcher who 
would become known as “the father of the hydrogen bomb,” speculated 
that the Trinity test might incinerate the planet by igniting the nitrogen 
in the atmosphere or the hydrogen in the oceans. His fellow scientists on 
the project dismissed Teller’s fears as groundless, maintaining that “no 
matter how high the temperature, energy loss would exceed energy pro-
duction by a reasonable factor.”8 In other words, at some point after det-
onation, the atomic reaction would play itself out. Nevertheless, while 
he waited out the fi nal minutes before the Trinity explosion in a bunker 
with other scientists and government offi cials, physicist Enrico Fermi 
offered to bet on “whether or not the bomb would ignite the atmosphere, 
and if so, whether it would merely destroy New Mexico or destroy the 
world.”9 (The Nazis were also trying to produce an atomic bomb, and the 
possibility of an uncontrollable nuclear explosion had occurred to them 
as well. When Adolf Hitler was told about this, he is reported to have 
thought that it was “funny.”)10

Another research effort that scientists worried might cause cataclys-
mic effects is atom smashing, where electromagnets propel charged par-
ticles into target material, generating more elemental particles. Particle 
acceleration has been around since the early 1930s, and old-fashioned 
TVs contain mini-accelerators in the form of their cathode-ray tubes, but 
physicists recently have built huge, powerful accelerators to search for 
exotic forms of subatomic matter. In 1975, when the Lawrence Berkeley 
Laboratory assembled an accelerator called the Bevalac by combining 
two less powerful machines, the SuperHILAC and the Bevatron, there 
was some concern that it could create an abnormal state of matter that 
could destroy the earth.11 Joseph Kapusta, a physics graduate student at 
Berkeley at the time, recalls that most scientists rejected the specula-
tion. For one thing, they pointed out, if an accelerator experiment could 
destroy the earth, the same thing should happen when cosmic rays bom-
bard objects in space like the moon, but the moon is still there. Kapusta 
admits, however, that “no one really knew what to expect when nuclear 
matter was compressed to three-to-four times the density of atomic nu-
clei,” and he adds his own tongue-in-cheek observation that if a cataclys-
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mic accelerator disaster did in fact take place, “no physicist would be 
around to be blamed for it! Moreover, it guaranteed that no physicist 
would ever win a Nobel Prize for the discovery.”12

Apocalyptic fears surfaced once again in 1999 when a more powerful 
accelerator, the Relativistic Heavy Ion Collider (RHIC), was brought on-
line at the Brookhaven National Laboratory. The RHIC was designed to 
create “quark-gluon plasma,” a state of matter “representative of the state 
of the universe when it was less than one microsecond [one-millionth of 
a second] old and temperatures were greater than 2 trillion degrees Kel-
vin.”13 One fear was that the RHIC might produce a microscopic black 
hole that would swallow the planet.14 Another worry was reminiscent 
of Kurt Vonnegut’s 1963 science fi ction novel Cat’s Cradle, in which a 
substance called Ice Nine turned all the world’s water into a solid; the 
RHIC, it was similarly feared, could create “strangelets,” dense objects 
consisting not only of “up” and “down” quarks, the constituents of neu-
trons and protons, but of approximately equal numbers of up, down, 
and “strange” quarks. Most physicists believed that if these strangelets 
were formed, they would convert to ordinary matter within a thousand-
millionth of a second.15 But if by some chance they were stable and also 
negatively charged, they could “infect” the matter around them, keep 
growing, and, in the words of astrophysicist Martin Rees, master of Trin-
ity College at Cambridge University and the United Kingdom’s Astrono-
mer Royal, “transform the entire planet Earth into an inert hyperdense 
sphere about one hundred meters across.”16 The Brookhaven National 
Laboratory duly commissioned an investigation, which concluded that 
any strange quarks that were created would have a positive rather than a 
negative charge and therefore would repel rather than bond with nearby 
matter.17 Moreover, the report stated, the collider could not concentrate 
matter in a small enough volume to make it suffi ciently dense to form a 
black hole.18

RHIC was followed by the Large Hadron Collider (LHC) project at 
CERN, the French initials for the European Council for Nuclear Re-
search.19 This 27-kilometer-long ring of superconducting magnets strad-
dling the Franco-Swiss border is so powerful that it is expected to pro-
duce fundamental particles under the conditions that existed when the 
universe was less than 1 picosecond (one-trillionth of a second) old.20 
As might be expected, doomsayers once again raised their voices, citing 
the risks of black holes, strangelets, and similar catastrophic events.21 
Maybe the Brookhaven safety committee was right about the RHIC, they 
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argued, but the LHC was much more powerful, able to collide beams of 
heavy ions with thirty times the total energy of the RHIC.22 Given boasts 
in the news media that the LHC was the “world’s largest machine,” “fast-
est race track on the planet,” “emptiest space in the solar system,” “hottest 
spot in the galaxy,” and “world’s most powerful supercomputer,”23 who 
really knew what would happen? The LHC was even featured in the fi lm 
Angels and Demons, based on Dan Brown’s sequel to The Da Vinci Code. 
In Angels and Demons, the bad guys steal a canister of antimatter from 
CERN in order to destroy the Vatican but are thwarted with the help of 
Tom Hanks.24

Not long before the LHC was due to start up, two men fi led a law-
suit in federal court in Hawaii seeking to stop the project launch on 
the grounds that, since the U.S. government had not prepared an en-
vironmental impact statement, federal funding violated the National 
Environ mental Policy Act.25 Little is known about the plaintiffs. One of 
them, Luis Sancho, is said to be a science writer and professor in Bar-
celona, and he describes his co-plaintiff, Walter L. Wagner, as a retired 
radiation safety offi cer who lives in Hawaii.26 A Fox News report said 
that Sancho is a Spanish citizen living in Hawaii and Wagner “claims 
to have minored in physics at U.C. Berkeley, gone to law school, taught 
elementary science and worked in nuclear medicine at health facilities, 
but he doesn’t appear to have an advanced degree in science.”27 The law-
suit didn’t get very far; the judge dismissed it after fi nding that govern-
ment funding of less than 10 percent of the $5.84 billion cost of the LHC 
was not “major federal action” and therefore did not trigger the require-
ment of an impact statement under the law.28 But in her opinion, Judge 
Gillmor did acknowledge that the “plaintiff ’s action refl ects disagree-
ment among scientists about the possible ramifi cations of the operation 
of the Large Hadron Collider.”29

Like their predecessors at the Brookhaven National Laboratory, the 
CERN leadership commissioned a safety study, and it, not surprisingly 
perhaps, concluded that the fears about the LHC were unfounded.30 But 
less than two weeks after the machine was turned on for the fi rst time, 
it malfunctioned and had to be shut down for at least two months for 
repairs. According to the New York Times, this occurred when “an elec-
trical connection between two of the superconducting electromagnets 
that steer the protons suffered a so-called quench, heating up, melting 
and leaking helium into the collider tunnel.” An account of the accident 
in Science underscores its destructiveness: “The rupture caused the 9000 
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amps of current fl owing through the line to ‘arc’ to other nearby metal 

parts within the machine. In an instant, that lightning strike burned 
through the surrounding tube that kept the superconducting line 
bathed in frigid liquid helium. Boiling liquid and gas fl ooded the mag-
nets’ sealed casings, whose emergency relief valves were not designed to 
cope with such a deluge. As a result, a pressure wave shot through the 
machine, damaging 53 magnets and tearing some of the devices, which 
weigh up to 35 metric tons, from their moorings.”

The consequences of the liquid helium leak could have been much 
worse. As the Times explained, the helium “is used to cool the magnets 
to superconducting temperatures of only about 3.5 degrees Fahrenheit 
above absolute zero,” and stray heat from the loss of the helium “can 
cause the magnets to lose their superconductivity with potentially disas-
trous consequences” (emphasis added).31 Presumably these consequences 
would be limited to the CERN equipment and facility, but in light of 
the worries about catastrophic risks, the use of the term “disastrous” is 
certainly noteworthy. Another illustration of the delicacy of the CERN 
machinery was a power outage in November 2009, when the LHC was 
crippled for three days after a bird dropped what CERN called “a bit of 
baguette” on part of the main power supply to the machine.32

The third enterprise that scientists feared might inadvertently de-
stroy humanity actually involved genetic engineering, although of bac-
teria rather than people. In 1972, Paul Berg, a Stanford biochemist who 
in 1980 would win half of the Nobel Prize in Chemistry, published the 
results of experiments in which he “recombined” DNA from two dif-
ferent organisms.33 As he tells it (see the clip of him at www.dnalc.org/
view/15022-How-the-fi rst-recombinant-DNA-was-created-Paul-Berg
.html), a graduate student named Janet Merz had taken two different 
DNA molecules, each with different properties, used an enzyme to cut 
them into pieces, mixed the pieces, and then added another enzyme 
that reassembled them into “a molecule that now shared the properties 
of the two starting materials.” The molecules that Berg was referring to 
were not mere chemicals: his laboratory took DNA from Escherichia 
coli, a common type of bacteria that lives in the human gut and manufac-
tures Vitamin K2, and inserted it into the DNA of SV40, a virus found in 
monkey kidneys. They thus created a new type of living organism, which 
shared DNA from the bacterium and the virus. Because the method re-
sembled “recombination,” part of the reproductive process in humans 
and other animals in which DNA molecules from the parents are com-

www.dnalc.org/view/15022-How-the-first-recombinant-DNA-was-created-Paul-Berg.html
www.dnalc.org/view/15022-How-the-first-recombinant-DNA-was-created-Paul-Berg.html
www.dnalc.org/view/15022-How-the-first-recombinant-DNA-was-created-Paul-Berg.html
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bined and transmitted to their offspring after fi rst being chopped up and 
reassembled into new molecules, the technique that Berg’s laboratory 
pioneered came to be called “recombinant DNA.”

Obviously, there is enormous potential in being able to create a new 
life-form that combines the attributes and abilities of other organisms. 
Why not create a bacterium that can completely digest and degrade oil 
spills, for example, by combining DNA from four different naturally oc-
curring bacteria, each of which has the digestive equipment to only do 
part of the job? A microbiologist working for General Electric named 
Ananda Chakrabarty applied for a patent for just such a recombinant 
bacterium. When the Patent and Trademark Offi ce denied the applica-
tion, Chakrabarty went to court, and in a landmark decision, the U.S. 
Supreme Court upheld his patent by ruling for the fi rst time that an in-
dividual has a right to patent a new form of life.34 (Incidentally, General 
Electric never commercialized Chakrabarty’s invention, which Chakrab-
arty blamed on the company’s fear of the public outcry that would follow 
the intentional release of a man-made organism into the aquatic envi-
ronment.35 Another version of the story has it that, as the new bacterium 
reproduced, subsequent generations lost too much of their oil-digesting 
ability for the product to be commercially viable.)36

Recombinant DNA can provide even more direct benefi ts for human 
health. A few years after Chakrabarty created his oil-eating bacterium, 
a fl edgling company called Genentech programmed E. coli with human 
DNA so the bacterium could manufacture a human protein. One year 
later, Genentech announced that its researchers, working with the City 
of Hope National Medical Center in Duarte, California, had spliced a 
human gene into E. coli that made it produce human insulin. Since then, 
the FDA and the European Medicines Agency have approved more than 
151 drugs manufactured with recombinant DNA technology.37

Before the initial experiments on recombinant DNA were performed, 
however, there was a complication. Remember that Berg was about to 
create a new DNA molecule combining DNA from E. coli and SV40, 
a virus found in monkey kidneys. It turns out that the Salk polio vac-
cine that was developed during the 1950s was produced by culturing 
three types of polio virus in a culture made from monkey kidneys, and 
SV40 had been detected in samples of the vaccine. This made the vac-
cine researchers curious about the properties of SV40, and in 1961, they 
discovered that it caused cancer in hamsters.38 This meant that there 
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was a chance that it could cause cancer in humans as well. Berg was un-
doubtedly aware of this fi nding, but he nevertheless decided to work with 
SV40 because it was easy to use. By happenstance, one of his colleagues, 
a cancer researcher named Robert Pollack, got wind of Berg’s experi-
ment and became alarmed. In fact, the government had taken the threat 
to humans so seriously in the 1960s that it had screened the entire polio 
vaccine stock to weed out any vaccine that had been contaminated with 
SV40. Now Pollack’s colleague Paul Berg was about to combine this can-
cer-causing virus with a bacterium, and not just any bacterium, but one 
that fl ourished in the human gut. Could the resulting virus-containing 
bacterium fi nd its way into the human digestive system? Would Berg’s 
students or lab workers become infected? Could this spread throughout 
the population, like outbreaks of food-borne E. coli? Would there be any 
way to stop it?

Pollack confronted Berg with his fears. To his credit, Berg immedi-
ately agreed to stop his experiments and relayed Pollack’s warning to 
colleagues at the next annual Gordon Research Conference on Nucleic 
Acids. Along with nine other scientists, among them four Nobel laure-
ates, Berg published a letter in the journal Science calling for a volun-
tary, worldwide moratorium on further recombinant DNA experiments 
“until the potential hazards of such recombinant DNA molecules have 
been  better evaluated or until adequate methods are developed for pre-
venting their spread.”39 Researchers around the world heeded the letter, 
and so far as is known, recombinant DNA experiments did not resume 
for over a year until the NIH established safety guidelines to govern the 
experiments.40

i
What can we learn from these episodes? One of the things that they 

have in common is that, in each case, the very scientists who were in-
volved in designing and conducting the projects were relied upon to lay 
the safety concerns to rest. In fact, the Berg moratorium is held up as 
a signal event in the regulation of science, the only known instance in 
which researchers around the world successfully policed themselves to 
avert a potential catastrophe. So can we trust genetic scientists to protect 
us from other potentially dangerous undertakings, such as attempting 
to control human evolution? Richard Posner, for one, doesn’t think so. 
“Few scientists,” he argues, “have the time, the background, or the incli-
nation to master the alien methods of public policy,” and to their way of 
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thinking, “measures of protection against dangerous knowledge, such as 
knowledge of how to use gene splicing to create a more lethal pathogen, 
are simply an impediment.”41 

Posner’s answer to the danger of relying on self-interested scientists to 
police themselves is to delegate the regulation of science to lawyers, since 
“policing the intersection between law and science is a more natural role 
for lawyers to play.”42 He concedes, however, that few lawyers have a so-
phisticated understanding of science, and so they fi nd themselves having 
to rely for scientifi c expertise on the selfsame scientists they are trying 
to regulate. Posner’s solution is to change the way lawyers are trained. 
Law schools, he says, should require that “a substantial fraction of law 
students be able to demonstrate by the time they graduated . . . a basic 
competence in college-level math and statistics plus one science such as 
physics, chemistry, biology, computer science, medicine, public health, 
or geophysics.”43

How realistic is Posner’s solution? Consider the CERN report men-
tioned earlier on the safety of the LHC. The discussion of the risk that 
the collider would generate a black hole runs a little more than four 
pages and contains 18 mathematical formulas like this one:44 
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According to the chair of the Physics Department at a major research 
university, given the technical level of the discussion, it would take a 
minimum of advanced graduate work in theoretical physics to be able 
to understand and judge the persuasiveness of the fi ndings in the CERN 
report (Daniel Akerib, Case Western Reserve University, Feb. 17, 2009). 
Lawyers and other lay regulators are going to have to continue to rely 
on scientifi c experts after all to help police scientifi c research, including 
research on genetic engineering, where the science is so complex that 
it may be comprehensible, if at all, only to the researchers themselves. 
The best that can be hoped for is that the nonscientists maintain a fi rm 
skepticism, learn how to distinguish reliable scientifi c informants from 
quacks, have the humility to admit when they are confounded, and press 
relentlessly until they obtain the necessary answers.

It also helps to be able to understand the scientists’ perspective. I re-
member a talk I gave in 2006 at an invitational workshop at the Ameri-
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can Association for the Advancement of Science (AAAS) in Washing-
ton, D.C.45 The subject of the workshop was the ethical issues raised by 
human enhancement, a subject that I had been working on for a number 
of years. When my turn came, I described the state of the art in the use 
of drugs and genetic modifi cation to give humans capabilities that were 
“better than normal,” identifi ed potential dangers, and outlined ways of 
dealing with them. I recognized most of the 25 people around the table 
by name, if not personally, but I had never heard of the last presenter, a 
thin, ruddy man with red hair and bushy eyebrows. I soon realized that 
he was not discussing the same types of enhancements as the rest of 
us, but something different: human enhancement using nanotechnol-
ogy. Nanotechnology, or nanotech as it is commonly called, is a highly 
diverse set of technologies that share the common feature of being tiny, 
specifi cally, no larger than 100 billionths of a meter. Although still in its 
infancy, nanotech already has yielded some amazing products, including 
sunscreens containing nanoparticles of zinc oxide or titanium dioxide; 
medical equipment, home appliances, and cell phones that incorporate 
nanosilver to make them resistant to bacteria; and clothing coated with 
a super-water-repellant outer layer, such as the swimsuit Michael Phelps 
wore when he won his eight gold medals at the Beijing Olympics.46

I knew something about the ethics of nanotech. It didn’t seem to 
raise any novel questions, none that hadn’t already been discussed at the 
workshop in connection with other enhancement technologies. But the 
speaker did not go over any of the standard issues in enhancement eth-
ics, such as how to protect human subjects in nanotech experiments, 
whether competent adults ought to be allowed to use nanotech to en-
hance themselves and their children, how to avoid the widening gap 
between rich and poor if only the wealthy could afford nanotech en-
hancements, or how society should value accomplishments made with 
the help of nanotech, such as Michael Phelps’s gold medals. The speaker 
didn’t even use the same terminology I was used to, concepts such as 
“autonomy,” “non-malevolence,” or “justice.” Instead, he referred to “risk 
appraisal,” “hazard and exposure,” and “tolerance and acceptability judg-
ment,” and he talked about how organizations could develop the resil-
ience and capacity to face unavoidable risks, the need to understand the 
secondary impacts of nanotech, and the extent to which a precautionary 
approach should be used to address uncertainty and ambiguity. I had no 
idea where he was coming from. Baffl ed, I looked down at the speaker’s 
biosketch to see who he was. His name was Mike Roco, and he was an 
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engineer and the senior advisor for nanotechnology at the National Sci-
ence Foundation. The language he was speaking was indeed a different 
language than the one I was used to, the language of engineering. 

The safety concerns that Roco and other nanotech engineers are wor-
ried about are broad in scope. In June 2008, a group of consumer, health, 
and environmental groups petitioned the Environmental Protection 
Agency (EPA) to stop the sale of consumer products containing nano-
sized particles of silver, which is used as an antibacterial agent in such 
diverse products as food containers, children’s toys, washing machines, 
cosmetics, baby bottles, and socks, on the grounds that it was a danger-
ous pesticide that could leech into the environment, causing harm to fi sh 
and other animals.47 This followed a report in May of 2008 by the British 
Royal Commission on Environmental Pollution, which called for greater 
regulatory oversight over nanotech.48 More alarming was a report by 
Japanese researchers who had injected mice with carbon nanotubes, a 
nanotech product hailed for its extraordinary strength, fl exibility, and 
electrical conductivity. The researchers discovered that the mice devel-
oped mesothelioma, a rare type of cancer that is also produced by expo-
sure to asbestos.49 Then researchers in Edinburgh and Washington, D.C., 
claimed that carbon nanotubes produced infl ammation and granulomas 
when injected into the abdominal cavity of mice, again similar to what 
happens when mice are injected with asbestos. (Granulomas are bundles 
of white blood cells that surround and wall off foreign objects in the body 
that the white blood cells cannot destroy.) In 2009, the Friends of the 
Earth warned that nanosilver might be a danger not only to fi sh and 
other animals but also to humans, because it was probably poisonous 
and could lead to the proliferation of antibiotic-resistant bacteria.50 That 
same month, the EPA announced that manufacturers of carbon nano-
tubes would have to alert the agency 90 days before introducing a new 
use for the material.51 (This requirement was later put on hold when a 
lawyer for the nanotech industry objected to the special procedure that 
the EPA had used to adopt it.)

In fact, when nanotech was in its infancy, it triggered fears that it 
could cause a worldwide calamity, similar to the atomic bomb, particle 
colliders, and recombinant DNA. These anxieties were kindled in a 1986 
book called Engines of Creation, written by MIT-trained engineer Eric 
Drexler, who is often credited with having invented the word “nano-
technology” (although apparently it had been used earlier by a Japanese 
science professor). In his depiction of the future of nanotech, Drexler 
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described a new manufacturing technique called molecular manufactur-
ing, in which tiny machines would be created with the ability to repro-
duce themselves and to build more complex machines from the atomic 
or molecular “bottom” up. (This possibility was fi rst suggested by Nobel 
Prize winner Richard Feynman in a 1959 lecture “There’s Plenty of Room 
at the Bottom.”) Drexler predicted that enormous benefi ts could result 
from these machines, such as tiny robots that could travel through the 
body and do everything from destroying cancer cells to repairing DNA. 
But he also exposed a corresponding threat: if they reproduced them-
selves without check, these minute machines could invade and take over 
all the ecological niches on the planet: “ ‘Plants’ with ‘leaves’ no more 
effi cient than today’s solar cells could out-compete real plants, crowding 
the biosphere with an inedible foliage. Tough omnivorous bacteria could 
out-compete real bacteria: They could spread like blowing pollen, rep-
licate swiftly, and reduce the biosphere to dust in a matter of days. Dan-
gerous replicators could easily be too tough, small, and rapidly spreading 
to stop.”52 In the end, the machines would consume all of the planet’s 
resources, leaving behind what Drexler called “gray goo.”

Drexler’s “gray goo” scenario attracted a lot of attention. A 2000 article 
in the International Herald Tribune proposed creating “blue goo”—“tiny 
self-replicating police robots that keep the other ones from misbehav-
ing.”53 Michael Crichton depicted gray goo as the “monster” in his 2002 
science fi ction novel Prey.54 Prince Charles was said to have been so 
upset by the goo risk that in 2003 he convened a “nanotech summit” at 
his country estate in Glouchestershire,55 although the prince later  denied 
the report, saying that beliefs that “self-replicating robots, smaller than 
viruses, will one day multiply uncontrollably and devour our planet . . . 
should be left where they belong, in the realms of science fi ction,”56 
which no doubt was a reference to Crichton’s recently published novel. 
Meanwhile, nanotech researchers, worried that fears of gray goo would 
stopper their funding, rounded on Drexler and claimed that molecular 
manufacturing was a scientifi c impossibility. One of Drexler’s chief crit-
ics was Nobel Prize–winning chemist Richard E. Smalley. According to 
Smalley, molecular manufacturing could not take place at the atomic 
level because of two problems: “fat fi ngers” and “sticky fi ngers.” The 
electronic bonds that hold atoms together are sensitive to all the other 
atoms in the area, Smalley argued, so in order to manipulate the atoms 
they were working with, molecular machines would need additional ma-
nipulator “fi ngers” for each of the atoms. But there wouldn’t be room 
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for all these “fi ngers” at the atomic level; they would be too “fat” to fi t. 
Moreover, the atoms that were being moved around would stick to the 
atoms of the manipulator fi ngers, and there would be no way to “unstick” 
these sticky-fi ngered atoms so that they could be placed where they were 
needed.57

Are Smalley and the other scientists correct in saying that we have 
nothing to fear from gray goo, just as scientists before them dismissed 
concerns about the atom bomb, particle accelerators, and recombinant 
DNA? Or does nanotech need stricter regulation to prevent a gray goo 
catastrophe? Once more, we encounter the problem of where to get 
knowledgeable, objective information about complex scientifi c issues. 
On the one hand, there is reason to be skeptical about the reliability of 
information both from nanotech scientists, who have a vested interest 
in seeing nanotech go forward, and from non-nanotech scientists, who 
may feel threatened by the success of nanotech. On the other hand, the 
complexity of nanotech science underscores how unlikely it is that law-
yers with a “basic” college-level science competence can keep us safe, as 
Richard Posner suggested.

Cass Sunstein, incidentally, takes a different tack from Posner in con-
sidering potentially calamitous scientifi c undertakings. Sunstein takes 
aim at the “precautionary principle,” which counsels restraint in the face 
of scientifi c uncertainty, and which places the burden of proving that an 
undertaking is safe on its proponents. Sunstein argues that the margin 
of safety that the principle requires before a risky project can be allowed 
to proceed is too wide and would unnecessarily deprive society of impor-
tant benefi ts. In its place, Sunstein recommends an approach that more 
evenly weighs both the benefi ts and the risks of a scientifi c undertaking 
and places the burden on critics to show that an undertaking is unsafe in 
order for it to be stopped. But Sunstein does not give any suggestions for 
how to obtain the necessary scientifi c expertise to be able accurately to 
assess risks and benefi ts, and his appointment by President Obama as the 
director of the White House Offi ce of Information and Regulatory Af-
fairs was criticized by University of Texas law professor Thomas McGar-
ity, who warned that “Sunstein will take quantitative risk assessments 
from people who have a clear ax to grind and treat them as gospel.”58

Concerns about the risks from nanotech raise questions about not 
only how much we can rely on scientifi c experts to provide reliable safety 
information but also what approach we should take in evaluating risks 
created by scientifi c enterprises such as evolutionary engineering. Since 
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we’re talking about “engineering” evolution, should we employ Roco’s 
nanotech engineering perspective, which sounded so foreign to me when 
I heard him speak at the enhancement meeting in Washington, D.C.? 
What would this perspective look like if it were applied to evolution-
ary engineering? Would it conceive of evolutionary engineering essen-
tially as a “big science” project, a single, huge undertaking like building a 
dam, and downplay the extent to which it would be a collection of small 
steps taken by a large number of people? This difference is important be-
cause it is much harder to control lots of different actors than a smaller 
number of scientists involved in a single enterprise, especially one that is 
dependent on government funding, like much U.S. scientifi c research. 
Viewing evolutionary engineering as a single project would risk creating 
the illusion that it can be easily controlled or, if necessary, stopped alto-
gether, such as when the Obama administration cut off funding for the 
F-22 Raptor stealth fi ghter.

Roco’s nanotech perspective might also place a lower value on the 
lives that could be harmed by genetic engineering, since these lives might 
be thought of primarily in the abstract, that is, as “statistical” lives. Sta-
tistical lives are faceless and impersonal, like “the number of additional 
highway deaths that would result from an increase in the speed limit,” 
or “the people who would be killed if a bridge were not designed to be 
strong enough.” Roco sometimes sounds as if he favors such an approach. 
In describing the risks of nanotech, for example, he emphasizes its effect 
on “human biosystems,”59 the components of which are not “people,” but 
“items” and “objects.” (It is also noteworthy that Posner’s efforts to calcu-
late how much should be spent on avoiding catastrophes also take a “sta-
tistical” approach when placing a value on the deaths that would result.)

A different way to value life is in terms of “identifi able” lives. This 
method focuses attention on the harm to actual persons, rather on harm 
to persons in the abstract. An illustration of the difference in perspective 
can be seen in how the National Highway Traffi c Safety Administration 
(NHTSA) and a court of law deal differently with highway accidents. 
One cause of accidents is big trucks that cannot stop quickly enough. 
The NHTSA analyzed accident reports and determined that 655 people 
a year die in the resulting collisions, so in July 2009, it adopted a new 
rule requiring tractor-trailers traveling at 60 miles per hour to come to 
a complete stop in 250 feet, as opposed to meeting the old standard of 
355 feet. According to the agency, this would save 227 lives a year and 
prevent 300 serious injuries.60 These lives are “statistical” lives; in is-
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suing its rule, the agency had no idea who the 227 people were whose 
lives would be spared every year, nor did it particularly care who the 655 
people were whose lives every year had been lost. If a court were han-
dling a lawsuit fi led against a trucking company by the family of one of 
the accident victims that the NHTSA had in mind, on the other hand, 
members of the family likely would be in the courtroom, and some of 
them would probably be called to testify about the victim’s life and how 
the accident affected them. The family’s lawyer might even show photos 
or video clips of the victim, since the lawyer’s job is to make the victim 
and the family “identifi able” persons, rather than abstract, faceless indi-
viduals. Why does the lawyer do this? Because lawyers want to recover 
as much money as possible in damages, and they assume that judges and 
juries will place a higher value on the loss of an identifi able as compared 
with a statistical life.

Another way to appreciate the different ways in which we value human 
life is to think, on the one hand, about how much money you would be 
willing to donate to an organization seeking to reduce boating accidents 
in which passengers drown after being tossed overboard and consider, 
on the other hand, the lengths to which most people would go to save 
drowning victims, even victims who were total strangers. The one time 
I encountered a drowning victim, I ended up jumping into the Potomac 
River and diving repeatedly down 15 feet to the muddy bottom until I 
located him by feel. When I admitted to a TV newscaster afterward that 
I wasn’t a particularly strong swimmer and had never received lifeguard 
training, she asked me why I did it. Hadn’t I realized that I could have 
been swept away by the river’s notorious undercurrents, or knocked 
unconscious by a panicky victim? Being afraid never occurred to me, I 
replied. A life had been at stake, and I hadn’t given a thought to the po-
tential cost to myself. I didn’t use the term “identifi able” to describe the 
victim’s life, but that was how I had valued it.

Engineers like Roco of course also worry about risks to real people. 
When they design a bridge or electrical system, they understand that their 
work affects the people who will drive over the bridge or receive elec-
tricity from the system, rather than being just about conductive proper-
ties or concrete. Nor would it make sense to be concerned only with the 
harm that evolutionary engineering might cause known individuals and 
ignore the risks to unknown people who will be born in the future, not 
to mention to humanity as a whole, as “statistical” an entity as there can 
be. At the same time, we must be careful to pay close attention to the 
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human lives that will be most directly affected. This is clear when we 
understand who would be most directly affected by faulty evolutionary 
engineering—who would be born, for example, with serious physical or 
mental defects. They would literally be our children. In assessing the 
risks posed by directed evolution, then, a good place to start is with the 
potential harm that these children might suffer.
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part two

The Hazards of Evolutionary 
Engineering
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chapter three

Physical Harm to Children

How dangerous would it be to try to manipulate the genes of chil-
dren directly in an effort to control human evolution? We can get 

some idea of the risks involved by looking at what transpired when we 
altered the genes of plants and other animals. Many of these efforts have 
been highly successful, producing better crops and more nutritious food. 
But there have been enough glitches along the way to give us serious pause.

Humans have long sought to direct the evolution of plants and ani-
mals. Around 14,000 BC, people began domesticating wild plants by col-
lecting and replanting their seeds. The next step was to eliminate those 
offshoots of the plantings that displayed less desirable characteristics. 
Over time, this selective breeding improved the crop. As David Suzuki 
and Peter Knudtson point out, “without any knowledge of underlying 
genetic mechanisms, [our ancestors] successfully selected for crop va-
rieties and domestic breeds by crudely channeling natural evolutionary 
forces toward useful ends.”1 The fi rst recorded instance of hybridization, 
the deliberate crossing of genes from two plants, took place in 1720, 
when Thomas Fairchild introduced a fl ower he called a “pink,” which 
combined the genes from a sweet william and a carnation.2

The impact of these early forms of evolutionary engineering on our 
diet has been particularly striking. According to paleontologist Peter 
Ward, “there are more than two hundred thousand species of angio-
sperms, or fl owering plants, yet only ten of these provide the vast major-
ity of human food.”3

Animal breeding began around the same time as agriculture. Dogs 
were the fi rst animals to be domesticated, followed by sheep and goats 
around 8,000 BC, and then cows. Horses, donkeys, water buffalos, and 
llamas were domesticated around 4,000 BC. (One wild ancestor of the 
horse, Przewalski’s horse, can still be found in preserves in Poland and 
has never been tamed.) Fifteen hundred years later came domesticated 
chickens and camels.4

As with plants, animal domestication was accompanied by selective 
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breeding. A recent count identifi ed 6,379 breeds of some 30 domesti-
cated species,5 most of which have been refi ned through at least 20 gen-
erations.6 Techniques for selective breeding now include controlled mat-
ing, examining and testing both parents and offspring to identify optimal 
individuals, and careful record keeping.7 Sexologist Robert T. Francoeur 
describes a particularly exotic approach that was fi rst adopted in the 
early 1960s, which uses “pseudopregnant rabbits as temporary incuba-
tors for the centuplet offspring of superovulated prize cows and ewes, 
shipping the handy bunny incubators with their precious cargo to devel-
oping nations where teams of animal breeders transferred the embryos 
to surrogate mothers for normal pregnancies.”8

In the last 35 years, evolutionary engineering of both plants and ani-
mals has entered a new phase with the ability to modify genes directly 
through gene splicing and recombinant DNA technology. Classic plant 
breeding and animal husbandry modify species over time, but gene splic-
ing and recombinant DNA make faster, more dramatic changes possible. 
Recombinant DNA engineering also permits genetic material from one 
plant or animal to be spliced into another. In this way, “transgenic” or-
ganisms can be manufactured that combine genes from different species.

Calgene introduced the fi rst genetically modifi ed food in 1994, the 
Flavr Savr tomato. It was designed to solve the problem of how to get ripe 
tomatoes to the supermarket without spoiling. In the warm months, gro-
cers can obtain ripe tomatoes from local farmers and sell them quickly 
enough to still be fresh. But in winter, grocers in climates that do not 
have a year-round growing season have to sell expensive hydroponic to-
matoes or ship tomatoes in from places such as California, Mexico, and 
Florida. If the tomatoes shipped long distances are picked ripe, the risk is 
that they will spoil before they are consumed. Florida growers invented 
a particularly unappetizing way of coping with the spoilage problem: 
they harvested the tomatoes when they were green and then stored the 
immature fruit in huge chambers until it was time to ship them. At that 
point, they pumped ethylene oxide gas into the storage chambers. This 
turned the tomatoes a pale pinkish-red so that they looked somewhat 
ripe, but since it did not actually ripen them, they stayed hard and did 
not spoil before they were sold. Unfortunately, they also did not ripen; if 
left long enough in an attempt to let them do so, they turn to mush. You 
may know these as the barely edible “golf ball tomatoes” in cellophane-
wrapped plastic trays.

The Flavr Savr tomato was designed to stay ripe for long periods with-
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out spoiling. Several scientifi c developments made this possible.9 The 
fi rst was the discovery of the enzyme polygalacturonase (PG), which oc-
curs naturally in tomatoes and is what produces the protein that causes 
them to soften when they become ripe. The second step was unraveling 
the process that the tomato uses to produce the PG enzyme. This re-
quires a substance called messenger RNA, a type of nucleic acid distinct 
from DNA, to translate the genetic instructions for the PG protein into 
a form from which the protein can be constructed. Calgene researchers 
learned how to introduce a modifi ed “antisense” gene into the tomato 
that copies the instructions backward. This prevents the enzyme that 
softens the tomatoes from being produced.

Despite the sophisticated science behind its development, the Flavr 
Savr tomato was a commercial failure. Not only did it cost too much to 
produce, but it encountered opposition from people worried about its 
safety. Much of the opposition came from Britain and other countries 
in Europe, where resistance to genetically modifi ed foods like the Flavr 
Savr has been particularly strong.

One particular fear is that foods that are modifi ed with genes from 
plants containing substances to which people are allergic might them-
selves become allergenic. For example, one study found that soybeans 
modifi ed with DNA from Brazil nuts contained a known human aller-
gen.10 Although there is little evidence that anyone actually has become 
ill from eating genetically modifi ed foods, people worry about what 
they regard as inadequate safety testing. A toxicologist with the EPA 
warns that “this technology is being promoted, in the face of concerns 
by respectable scientists and in the face of data to the contrary, by the 
very agencies which are supposed to be protecting human health and 
the environment. The bottom line in my view is that we are confronted 
with the most powerful technology the world has ever known, and it is 
being rapidly deployed with almost no thought whatsoever to its conse-
quences.” Canadian geneticist and environmental activist David Suzuki 
admits that, as a geneticist, he’s “very excited by what’s going on in terms 
of genetic engineering” but nevertheless bothered by the fact that “we 
have governments that are supposed to be looking out for our health, 
for the safety of our environment, and they’re acting like cheerleaders 
for this technology, which . . . is in its infancy and we have no idea what 
the technology is going to do. Anyone that says, ‘Oh, we know that this 
is perfectly safe,’ I say is either unbelievably stupid or deliberately lying. 
The reality is we don’t know. The experiments simply haven’t been done 
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and we now have become the guinea pigs.”11 Hugh Lehman, a member of 
the Sierra Club’s Genetic Engineering Committee, agrees: “While GMOs 
[genetically modifi ed organisms] are consumed widely in the United 
States and Canada, to our knowledge there is no systematic effort to 
monitor the health of consumers to detect harms from such consump-
tion. The health of consumers may already be affected but, since nobody 
is investigating, it is virtually certain that such harm will go undetected 
for a very long time.”12

David Schubert, head of the Cellular Neurobiology Laboratory at the 
Salk Institute in La Jolla, California, points to a different problem—how 
industry-wide effects make it diffi cult to preserve traditional crops once 
modifi ed versions are introduced: “If some people are allowed to choose to 
grow, sell and consume GM foods, soon nobody will be able to choose 
food, or a biosphere, free of GM. It’s a one way choice, like the introduc-
tion of rabbits or cane toads to Australia; once it’s made, it can’t be re-
versed.”13

A related concern is contamination. In 2000, genetically modifi ed 
foods made headlines when a small amount of genetically modifi ed corn 
was discovered in corn meal that had been used to make taco shells. The 
corn, called StarLink by its European manufacturer, Aventis, had been 
modifi ed with genes from a bacterium to protect it from the caterpillars 
of the European corn borer moth, which topple the corn stalks by chew-
ing through them. The bacterial genes produce a protein called Cry9C 
that perforates the intestinal tract of the worms, allowing bacteria that 
live in their digestive tracts to escape and kill them by infection. (This 
gives an idea of how intricate genetic modifi cation of crops can be: in-
troducing a gene from a bacterium that allows different bacteria to pen-
etrate and kill an insect that destroys a plant.) Aventis obtained approval 
from the EPA to use StarLink corn in animal food and ethanol manu-
facturing, but not in human food, since the EPA could not rule out the 
possibility that Cry9C would be allergenic. To protect corn for human 
use, the StarLink corn was supposed to be planted at a distance, yet in-
suffi cient care was taken to prevent the kernels from becoming mixed to-
gether in grain elevators. Kraft Foods ended up pulling 2.5 million boxes 
of taco shells off supermarket shelves, Taco Bell replaced all of the shells 
in its 7,000 fast-food restaurants, and Japan and South Korea banned 
imports of U.S. corn. Aventis had to buy back an entire crop of StarLink 
and defend a number of class action lawsuits brought by growers and 
by consumers who claimed they suffered allergic reactions. Eventually, 
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the company withdrew the corn from the market. For its part, the EPA 
decided that, henceforth, it would only allow genetically modifi ed crops 
to be grown that had been cleared for human food use.14

The StarLink episode did little to derail the genetically modifi ed plant 
industry, however. By 2006, 252 million acres of transgenic crops were 
being planted worldwide, with 53 percent grown in the United States 
alone. These include herbicide- and insect-resistant soybeans, corn, cot-
ton, canola, and alfalfa; virus-resistant sweet potatoes; and plants able to 
survive extreme weather.15 The U.S. Grocery Manufacturers  Association 
estimates that 70 percent of all the food sold in the United States now 
contains ingredients from genetically modifi ed crops.16 Proponents point 
to numerous benefi ts. Genetic modifi cation has increased agricultural 
yields by over 4 billion pounds a year in the United States and saves 
growers more than $1 billion a year in costs.17 Many of the savings come 
from the use of fewer pesticides.18 Genetic engineering has been used 
to produce foods that combat disease, such as Monsanto’s “golden rice,” 
which has had four extra genes inserted to make it unusually rich in beta 
carotene, which helps prevent blindness and protects against infection.19

Plants are genetically modifi ed for purposes other than to be better, 
healthier foods. Recombinant DNA can transform them into living fac-
tories for producing human drugs, such as anticoagulants,20 and vaccines, 
including a vaccine against hepatitis B.21 Plants also have been turned 
into environmental cleanup agents. While some plants act this way nat-
urally, such as sunfl owers and Indian mustard, which have been sown at 
the Chrysler complex in Detroit in order to remove lead from the soil,22 
they can be engineered to be more effi cient and to target a wider variety 
of pollutants. In one experiment in Connecticut, for example, the addi-
tion of a gene from the intestinal tract of a laboratory monkey gave trees 
the ability to absorb mercury.23 Researchers in South Africa have also en-
gineered a tobacco plant to pinpoint the location of land mines left over 
from armed confl icts; the plant changes color in the presence of nitrogen 
dioxide, which is given off by the aging munitions.24

i
Genetic engineering involves animals as well as plants. Honeybees 

and silkworms are engineered to make them resistant to disease.25 Genes 
are inserted into the DNA of insect pests to render them sterile, after 
which they are released back into the insect population, where they mate 
but fail to reproduce.26 The Enviropig reduces pollution from manure 
runoff by digesting (and therefore biodegrading) 90-100 percent of 
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the phosphorous in its diet, compared with only 50 percent for normal 
pigs.27 Foreign genes added by recombinant DNA to crops come not only 
from plants but from fi refl ies, fi sh, chickens, and hamsters.28

What about human evolutionary engineering? Until recently,  humans 
primarily employed mate selection and similar low-tech breeding meth-
ods as described in the introduction. Gradually, however, we have begun 
to use on ourselves some of the same techniques that have become com-
mon for other animals. Not long after artifi cial insemination was in-
troduced for animals, the fi rst use in humans was reported by a British 
physician in 1799.29 Louise Brown, known as the fi rst “test tube baby” 
because her mother’s egg was fertilized in vitro, was born in 1978. By 
2006, over 3 million children worldwide had been produced with IVF,30 
and IVF has now been supplemented by an alphabet soup of other as-
sisted reproductive techniques: gamete intrafallopian transfer (GIFT), 
in which sperm and eggs are placed in the fallopian tubes and fertilized 
there, rather than in a petri dish as is the case with IVF; zygote intrafal-
lopian transfer (ZIFT), where the eggs and sperm are fertilized in the 
laboratory and then some of the resulting pre-embryos are transferred to 
the fallopian tubes; tubal embryo transfer (TET), where actual embryos 
are transferred to the fallopian tubes; frozen embryo transfer (FET); 
ooplasmic transfer (CT), where cytoplasm from a donor egg is added to 
the cytoplasm of another egg to increase its chances of developing; in-
tracytoplasmic sperm injection (ICSI), where a sperm is injected directly 
into the egg; intrauterine insemination (IUI), where sperm is placed in 
the uterus; direct intraperitoneal insemination (DIPI), where sperm is 
introduced into the pouch of Douglas, a space between the rectum and 
the uterus; fallopian tube sperm perfusion (FSP), where a lot of sperm 
are put into a nurturing fl uid and introduced into the uterus; peritoneal 
oocyte sperm transfer (POST), where eggs and sperm are injected into 
the stomach cavity; microsurgical epididymal sperm aspiration (MESA), 
where sperm is obtained from the epididymis, a tube emerging from the 
testicles; testicular sperm aspiration (TESA), where sperm is removed 
directly from the testicles; testicular sperm extraction (TESE), the same 
thing except that the sperm is received from a chunk of testicle that is cut 
off; and the list goes on and on.

A number of these techniques, such as IVF, also make it possible to 
test embryonic cells before embryos are implanted in the womb, the 
technique called PGD described in the introduction. PGD was pioneered 
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by a British doctor in 1989. In order to reduce the risk of a child being 
born with a genetic disorder found chiefl y in males, he removed a cell 
from an early-stage embryo and tested it for gender so that only female 
embryos would be implanted in the mother’s womb and allowed to come 
to term.31

UCLA professor Gregory Stock provides an illustration of the poten-
tial power of PGD to affect the characteristics of human populations. 
Certain genes, he notes, have been said to be responsible for most of the 
genetic variation in human intelligence. Suppose a number of parents 
created 100 embryos using IVF, tested them prior to implantation, and 
only implanted the embryos with the genes that were associated with 
greater intelligence. Stock claims that the average IQ of the resulting 
group of children would be 20 points higher than the general popula-
tion, placing them in the top 10 percent in terms of intelligence.32 When 
these children reproduced, they could repeat this strategy, which would 
produce children with even higher IQs, and so on.

Stock’s example emphasizes that human evolution can be directed in 
different ways. The parents in Stock’s example may decide privately to 
make their offspring as intelligent as possible. On the other hand, they 
may act because someone told them to, such as the government or some 
other source of authority in their lives, for example, a religious leader. 
As we will see, this greatly complicates any effort that might be made to 
manage evolutionary engineering.

In Stock’s example, IVF and PGD produce dramatic changes in in-
telligence in a very few generations. But the amount of evolutionary 
change that these technologies make possible is relatively limited, since 
the technologies are essentially “passive,” in the sense that the parents 
are choosing which embryos to implant based on the naturally occurring 
sets of genes that the embryos have inherited. Plant and animal breed-
ers, on the other hand, have gone beyond passive genetic engineering 
to employ “active” genetic engineering techniques, such as recombinant 
DNA, to produce plants and animals with genetic mixtures that do not 
occur in nature.

In comparison with active genetic changes being made in plants and 
animals, active genetic engineering in humans is still fairly primitive. 
Gene splicing has been used to correct errors in genes that are then rein-
troduced into patients, such as in the case of Ashanti DeSilva described 
earlier, but many times these interventions are not successful, and even 
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when they are, they merely produce “somatic” genetic changes, that is, 
changes in nonreproductive cells that are not passed on to offspring, and 
therefore have at most an indirect effect on human evolution.

As noted earlier, genetic therapy and other medical interventions can 
impact evolution by allowing people to reproduce who previously would 
not have survived long enough to do so. In 1960, 90 percent of infants 
born with spina bifi da, a disorder in which the formation of the spine is 
incomplete, did not survive. Now 90 percent of them survive, and many 
have children of their own. (In one survey, 28% of teenagers with spina 
bifi da reported having had sex, and only 16% said they used birth con-
trol.)33 The median life expectancy for people with cystic fi brosis is now 
37.34 This permits an increasing number of women with cystic fi brosis to 
live long enough to have children; the fi rst such pregnancy was reported 
in 1960.35 In the past, hardly anybody born with congenital heart defects 
survived; now 85 percent live into adulthood.36

Advances like these are notable medical achievements, but their ef-
fect on human evolution pales in comparison with the potential impact 
from germ line engineering, that is, modifi cations that affect the genes of 
reproductive cells and therefore can be passed on to future generations. 
Germ line genetic engineering has never been attempted deliberately in 
humans, but it does take place inadvertently. A case in point is ooplasmic 
transfer, an assisted reproduction method mentioned earlier in which a 
defi ciency in an egg which prevents it from successfully developing in 
the womb is repaired by injecting into it cellular material taken from 
a normal egg provided by another woman. What makes this qualify as 
germ line genetic engineering is that the cellular material from the other 
woman’s egg contains genes from that woman: even though the cellular 
matter that is inserted comes from outside the cell nucleus, where most 
of the genes are located, some genes are found in structures outside the 
nucleus called mitochondria, and some of these mitochondria inadver-
tently will be injected into the defective egg. As a result, a child born 
from the repaired egg will inherit genes from three people instead of 
from the normal two: the genes in the father’s sperm and in the mother’s 
egg nucleus, as well as those from the donor’s mitochondria.

The key question is, how hard would it be to produce human germ 
line changes intentionally? One approach would be to remove DNA 
from the nucleus of one of the cells in an embryo fertilized in the labora-
tory, use gene splicing to modify the DNA, put the DNA back into the 
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cell nucleus, and then stimulate the cell to make it begin to divide nor-
mally. If this were done early enough in the development of human em-
bryos, the changed DNA would show up in all of the cells of the resulting 
persons, including their eggs and sperm, and therefore be passed on to 
their children as well. Another approach that has been suggested is to 
construct an artifi cial chromosome, described earlier, embed the modi-
fi ed DNA in it, and inject the chromosome into an embryonic cell. In 
fact, as Stock points out, germ line engineering actually might be easier 
to accomplish than changing the genes in somatic cells, since a germ line 
change affects all of the cells in the body, and there is no need to make 
sure that the modifi ed genes fi nd their way to the appropriate place in 
the body, one of the major challenges in somatic cell engineering.37 For 
example, suppose someone wanted to make a genetic modifi cation to 
build stronger muscles. If the modifi cation were not made to cells in an 
early-stage embryo, then the modifi ed DNA would have to be injected 
into as many cells as possible in each of the muscles to be strengthened. 
The dismal prospect of being punctured repeatedly, perhaps thousands 
of times, by needles containing modifi ed DNA is no doubt one of the 
reasons why athletes seeking a competitive advantage have not tried this 
technique, even though several genetic modifi cations have been identi-
fi ed that might do the trick, such as in the gene that codes for a protein 
called myostatin.38

Even if we learn the basic techniques for modifying human germ cells, 
however, this does not mean that we would be pleased with the result. 
Since we’ve been modifying animal germ cells for quite some time, you 
might think that we can be confi dent that the same techniques will work 
in humans. As paleontologist Peter Ward maintains, “As easily as we 
breed new varieties of domesticated animals, we have it in our power 
to bring a new human race, variety, or species into this world.”39 But it 
hasn’t always been easy to achieve positive results in animals. Take clon-
ing, which involves some of the same scientifi c methods as germ line 
engineering. Scientists can now clone animals from adult cells, which 
avoids the need to destroy embryos to obtain the starter cells, an ac-
complishment that might make cloning less objectionable in humans. 
But it took 277 attempts to clone Dolly the sheep, the fi rst mammal to 
be cloned from an adult cell. Each failure resulted in the destruction of a 
developing embryo, and Dolly herself died prematurely, which some at-
tribute to the adverse effects of the cloning process. Moreover, this type 
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of cloning has not yet proven successful in primates. In 2007, research-
ers reported that they had cloned monkeys for the fi rst time using adult 
cells, but none of the embryos survived past 25 days.40

Even if genetic changes “work” in the sense that the modifi cation 
is made to the animal, the animal often suffers serious physical harm. 
Thirty years ago, broiler chickens reached their full weight in about 80 
days; the old-fashioned engineering technique of careful breeding has 
now shaved that time in half. But the rate at which bones and the car-
diovascular system grow turns out to be slower than the growth rate of 
the rest of the chicken, so the birds suffer leg and heart problems, and 
their immune systems are compromised, making them more prone to 
disease. What about those Thanksgiving turkeys that have such large, 
meaty breasts? They too have leg problems and are so heavy that the 
toms cannot rise up high enough to mount the hens, so the hens have to 
be artifi cially inseminated. In 1985, Congress created the National Pork 
Board to encourage the breeding of leaner pigs. It worked, and pork be-
came “the other white meat,” but the pigs become stressed or have heart 
attacks when they exercise. Cows bred to produce more milk get diges-
tive disorders, foot rot, skin and skeletal disorders, udder edema, and 
teat injuries.41

Another genetic engineering approach is transgenics—creating ani-
mals with genes from other organisms. Many times, however, the in-
serted genes do not function properly.42 One well-known incident was 
the attempt in the mid-1980s to insert a gene that produces human 
growth hormone into pigs in order to make them grow faster and less 
fatty. The pigs, known as the “Beltsville pigs” after the U.S. Department 
of Agriculture site in Maryland where the experiment took place, did in 
fact have less fat, but they were plagued by diarrhea, enlarged mammary 
tissue in males, lethargy, arthritis, lameness, skin and eye problems, loss 
of sex drive, and disruption of their fertility cycles. The human gene was 
indeed activated (“expressed”) in 19 of the pigs, but 17 of these died pre-
maturely of causes that included pneumonia, pericarditis (infl ammation 
of the tissue around the heart), and stomach ulcers.43 As described in an 
article in the New Scientist, “this pig [was] a thorn in the side of high-
tech agriculturists and an icon for animal rights activists everywhere. . . . 
The engineers added a genetic switch that should have turned on the 
growth hormone gene only when the pig ate food laced with zinc. But 
the switch failed. The extra growth hormone made the pig grow faster, 
but it also suffered severe bone and joint problems and was bug-eyed to 
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boot.” The article proceeded to point out that, “of course, unlike human 
experiments, slaughtering ‘failures’ is always an option for animal ge-
netic engineers.”44

Even if an animal whose genes have been modifi ed appears healthy, 
adverse effects may show up in offspring or subsequent generations. Off-
spring might grow too large for normal births.45 Cancer has shown up 
in the descendants of genetically engineered mice.46 And as Peter Ward 
points out, “all domesticated animals appear to have undergone a loss of 
intelligence compared with their wild ancestors.”47

i
It therefore should come as no surprise that even the relatively mod-

est attempts at genetic engineering in humans have included some 
noteworthy failures. The most well-known death from a gene therapy 
experiment was that of 18-year-old Jesse Gelsinger, who died in 1999 
in an experiment that was part of a research program at the Univer-
sity of Pennsylvania to develop a genetic treatment for a genetic disease 
called ornithine transcarbamylase (OTC) defi ciency, which affects one 
out of every 40,000 births. The livers of babies with the defi ciency do 
not produce an enzyme that enables the body to metabolize ammonia, 
which is a by-product of the breakdown of protein. Affected newborns 
fall into a coma within 72 hours of birth and suffer severe brain dam-
age. Within a month, half are dead; within six months later, 75 percent. 
Gelsinger himself did not have a full-fl edged version of the disease. In-
stead, he had what is termed a “mosaicism,” where only some of his liver 
cells were unable to manufacture the missing enzyme. As a consequence, 
Gelsinger was fortunate to survive without suffering brain damage, and 
he was able to control his disease by eating a nonprotein diet and tak-
ing enzyme pills. Gelsinger nevertheless was willing to participate in the 
genetic experiment to help fi nd a cure for the more seriously affected 
infants. Moreover, Gelsinger was taking more and more enzyme pills as 
time went on; by the time he enrolled in the experiment, he was up to 
35 pills a day, so he was interested in fi nding a cure for himself as well.

The Penn researchers eventually hoped to insert functional genes into 
the livers of seriously ill babies with OTC in the hope that it would en-
able them to manufacture the missing enzyme. But fi rst they had to de-
termine the maximum tolerated dose of the modifi ed genes, that is, the 
highest dose that could be used without producing serious side effects, 
and also fi nd out if the virus that they proposed to use as the vehicle or 
“vector” to carry the genes to the liver, adenovirus—the virus (actually, 
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a retrovirus) that causes the common cold and one of the vectors most 
commonly used in gene therapy experiments—would get the modifi ed 
genes where they needed to be and in good enough shape to do their job. 
Originally, the researchers proposed to use severely affected newborns 
as their subjects, but they consulted Arthur Caplan, a leading bioethicist 
at Penn, who persuaded them to use relatively healthy adults such as 
Gelsinger instead, since the adults would be better able to give voluntary 
informed consent to serve as subjects than the parents of dying babies.48 
There were 18 subjects in all, divided into groups that would receive dif-
ferent dosages. Gelsinger was in the highest dosage group.

During the night after his infusion, Gelsinger began feeling ill and 
running a fever, but the doctors weren’t alarmed, since other subjects 
had experienced the same side effects. But Gelsinger’s condition con-
tinued to deteriorate. He lapsed into a coma and, four days later, died of 
massive organ failure.49

Two months later, the FDA inspected the research operation at Penn, 
found fault with the informed consent process that the Penn researchers 
had used, and also determined that Gelsinger should not have been a sub-
ject because his liver was not functioning properly when he was given the 
experimental infusion. In 2005, the Justice Department settled a lawsuit 
against the Gelsinger researchers in which they were accused of making 
false statements to the FDA. Their institutions paid over $1 million in fi nes, 
twice the funding they had received from NIH to run the experiment. Gels-
inger’s father also fi led a civil suit, which eventually was also settled.

Gelsinger’s death illustrates not only the risks of human genetic ex-
perimentation but the ways in which economic confl icts of interest may 
make researchers less careful than they should be. The experiment in 
which Gelsinger died was part of a program at the University of Penn-
sylvania’s Institute of Gene Therapy, at the time the largest university 
program in gene therapy research in the country. The director, James M. 
Wilson, was also the founder of and a stockholder, along with the uni-
versity, in Genovo, a company that had the exclusive right to profi t from 
any of the institute’s discoveries. By the terms of the settlement with the 
Justice Department, Wilson was barred from conducting FDA-related 
research on human subjects until 2010.

Another well-known incident involving a human genetic experiment 
was an effort by French geneticists in 2000 to insert corrected genes 
into the bone marrow of babies born with a genetic condition that pre-
vented them from developing an immune system. At fi rst, the experi-
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ment seemed a success: the babies’ immune systems began to function 
perfectly, and the French doctors heralded this as the fi rst complete gene 
therapy cure. Shortly afterward, however, three of the children devel-
oped leukemia, a form of cancer. It turned out that the retrovirus that 
the researchers had used to carry the corrected genes into the children’s 
DNA had unfortunately implanted itself too close to a cancer-causing 
gene, thereby activating it.

In 2007, a 36-year-old woman named Jolee Mohr participated as 
a subject in another gene therapy experiment. Mohr had rheumatoid 
arthritis, and her doctor enrolled her in a study he was running for a 
company named Targeted Genetics to test a novel, gene-based arthritis 
treatment, tgAAC94. This is a virus engineered with an extra gene that 
makes it manufacture proteins that counteract a substance called tumor 
necrosis factor-alpha, a major cause of the infl ammation that rheuma-
toid arthritis produces in the joints of its sufferers. Mohr received two 
injections of the engineered virus. The fi rst produced no adverse effects, 
but she became ill after the second injection fi ve months later and died 
three weeks after that.50

A review by the NIH concluded that Mohr had died of a fungal in-
fection that was probably not associated with the experiment, and six 
months after her death, the study she had been enrolled in recom-
menced. Nevertheless, her death, along with Gelsinger’s and the leuke-
mia in the French children, inspired Next, the last novel that Michael 
Crichton published before he died. “Do you know the history of gene 
therapy?” asks one of Crichton’s characters, who goes on:

It’s a horror story, Ellie. Starting back in the late 1980s, the biotech 
guys went off half-cocked and killed people right and left. At least six 
hundred people we know about have been killed. And plenty more we 
don’t know about. . . . You know how gene therapy kills people? All 
sorts of ways. They don’t know what’s going to happen. They insert 
genes into people, and it turns on cancer genes, and the people die of 
cancer. Or they have huge allergic reactions and die. These goofballs 
don’t know what the hell they are doing. They’re reckless and they don’t 
follow the rules.51

Since Crichton’s book is supposed to take place in the present, his 
character’s account is grossly exaggerated. The 600 deaths to which the 
character refers are actually 691 “serious side effects” from gene therapy 
experiments that came to light in 1999 following an investigation by the 
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NIH.52 Only six of these cases resulted in death,53 and we know of less 
than a dozen confi rmed cases all told in which people have died in gene 
experiments. There may be others that are being kept secret—of the 691 
serious side effects discovered by the NIH in 1999, only 39 had been 
reported to the NIH as required by law54—but the number of deaths 
clearly is nowhere near the 600 in Crichton’s novel.

Still, Crichton’s book touched a nerve, and failed experiments have 
continued to raise doubts about whether gene therapy is safe enough to 
be tested in humans. One concern is unanticipated harms. While Gels-
inger’s death evidently was not that surprising given the investigators’ 
failure to conduct adequate tests to see if his constitution was robust 
enough to withstand the cold virus that they injected into his system, 
the leukemia in the French babies was completely unexpected. Would 
children whose genes were modifi ed by their parents suffer unforeseen 
harms, perhaps harms that did not show up until the children grew to 
adulthood? One reason for concern is the limited ability of animal test-
ing to predict long-term health effects in humans, for example, whether 
a patient cured of a fatal nerve disease might develop a severe nerve dis-
order 20 or 30 years later.55 Germ line engineering is especially worri-
some. As bioethicists Emily Marden and Dorothy Nelkin point out, “the 
ultimate safety of germline genetic manipulations may be unknowable 
until many years after the treatment.”56 Some adverse effects might not 
become evident until engineered children had children of their own, or 
even later, after many generations. Even fairly routine genetic technolo-
gies might be problematic. Some studies have found that IVF increases 
the risk of premature birth and lower birth weights.57 This is signifi cant 
not only because of the many children that have been conceived using 
IVF but because the technique is probably necessary in order to make 
germ line changes, which have to take place at an early stage of embry-
onic development in order to be passed on to future generations.

Why is human genetic engineering so fraught with diffi culty? One rea-
son is that genetics in general and human genetics in particular are full 
of surprises. Until a decade ago, scientists believed that there were ap-
proximately 100,000 genes in human DNA. When the human genome 
was fi nally sequenced, the number turned out to be closer to 25,000. How 
could so few genes account for such a complicated organism as a human 
being? For that matter, how could a tiny member of the cabbage family 
called thale cress, the fi rst plant to have had its DNA decoded, turn out 
to possess roughly the same number of genes as humans? The explana-
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tion, discovered only recently, is that the same gene can perform many 
different functions, depending on where and when it is turned on and 
off. The controls for activating and deactivating the genes are a set of 
genetic switches called “transcription factors” and “enhancers.” These 
switches are located in the long stretches of the DNA molecule that lie 
between the genes. Until a few years ago, these regions of DNA were 
called “junk DNA” because scientists were certain that they did not play 
any functional role. Now, geneticists who are conducting “genome-wide 
association studies,” in which they scan the DNA of many individuals in 
order to identify common variations associated with various traits, are 
fi nding 80 percent of these genetic variations in the “junk” DNA between 
the genes;58 these regions of DNA have now been relabeled “regulatory.”

Like most aspects of genetics, the switching system is extraordinarily 
complex. Not only can genes be switched on and off, but the functions of 
a single gene can be affected by many different switches. To gain an idea 
of just how complex the switching system is, consider this: In order for 
a gene to work, that is, to produce a protein, one of the things that has 
to happen is that an enzyme called polymerase has to trigger something 
called a core promoter, located in the regulatory region next to the gene. 
The production of polymerase is controlled by a series of “enhancers” 
and “silencers.” These are sometimes located in far distant regions of the 
DNA molecule, and each of them can affect a number of different genes. 
The enhancers and silencers infl uence the production of polymerase 
through the actions of large groups of proteins called “activators” and 
“repressors,” which are relayed through another set of proteins called 
“coactivators” and “basal factors.” Once the polymerase triggers a core 
promoter, the core promoter converts or “transcribes” the DNA in the 
gene into a substance called messenger RNA. As many as fi fty different 
proteins may be involved in transcribing the DNA in a gene into mes-
senger RNA, with each protein produced by different genes, and the pro-
duction of each protein triggered by a similar complex set of processes.59 
Still with me? Now consider that this is only one of many steps that must 
take place in order for a gene to do its work.

The ability of the same gene to perform many functions as a result 
of being turned on or off is called pleiotropy, and it is one of the main 
reasons why it may be perilous to modify human genes. A mistake would 
impact not only the particular trait being targeted, such as a genetic dis-
order, but all the other traits that are associated with that gene. Mistakes 
are likely to be particularly dangerous when they occur in the course of 
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adding DNA to supplement the functioning of a normal gene by making 
more of an existing protein, as opposed to being introduced to provide 
a protein that is missing because of a defective gene. As explained by 
W. French Anderson, the geneticist who performed the fi rst successful 
gene therapy experiment on Ashanti DeSilva, adding protein “might 
adversely affect numerous other biochemical pathways. In other words, 
replacing a faulty part is different from trying to add something to a 
normally-functioning, technically complex system.”60

Even merely trying to correct genetic malfunctions may produce un-
toward results if not enough is understood about how genes work. The 
classic example is the genetic error that causes sickle cell disease. The 
error is a single incorrect nucleotide, the basic building block of DNA, 
amid the 3 billion that make up the entire human genetic code. If ge-
neticists were able to cut out the disease-causing nucleotide in viable 
embryonic cells and substitute the correct one, they might be able to 
prevent the children who developed from those embryos from being af-
fl icted with sickle cell disease. But 50 years ago researchers discovered 
that in certain parts of Africa the sickle cell trait provides resistance to 
malaria, and the children whose DNA had been corrected would lose this 
resistance. Undoubtedly other “bad” genes confer as-yet-unknown bene-
fi ts that might be forsaken if the genes were removed from human DNA. 
One commentator wonders, for example, what would happen if any “in-
tellectually desirable attributes are also transmitted with the complex of 
genes responsible for schizophrenia.”61

Scientists who nevertheless are keen to try their hand at genetic engi-
neering argue that the discovery of genetic switches provides the solution 
to the problems caused by pleiotropy. To avoid upsetting all of the func-
tions associated with a gene, these researchers propose to only modify 
the switches that affect the targeted trait, not the gene itself.62 But given 
the intricacies of the switching mechanism, it is not clear how easy this 
would be to accomplish, and bioethicist Nicholas Agar thinks that try-
ing to reengineer the switching system could end up restoring much of 
the randomness in natural evolution that genetic engineering is designed 
to counteract. “Changes to imperfectly understood complex systems,” he 
observes, “produce effects that, relative to our knowledge, are random.” 
Moreover, random changes are not neutral in terms of their effect on an 
organism: “Random changes to complex, well-functioning systems,” notes 
Agar, “are much more likely to make them work worse than better.”63

Geneticists also recently have begun to understand that environmen-
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tal factors, such as diet, exposure to damaging substances, stress, activity, 
and nurturing, not only play a large role in health and behavior but can 
affect whether and to what extent genes are turned on or off in specifi c 
tissues. This understanding is part of the emerging fi eld of “epigenetics,” 
the study of changes in heritable traits that are produced in an organism 
by mechanisms other than changes in their DNA. (One fi eld of evolu-
tionary biology that calls itself “evo-devo” emphasizes the importance of 
epigenetic effects that take place during the early stages of development, 
such as in the uterus or early childhood.) In other words, environmental 
factors can modify the functioning of genetic switches, and as a result, 
tinkering with the switches themselves may not produce the intended 
effect because of conditions in the environment. In addition, there is 
evidence that epigenetic effects can be inherited.64 Therefore, any unin-
tended results introduced by the operation of environmental factors may 
be passed on to future generations.

Finally, genetic modifi cations that seemed like a good idea at the time 
may turn out to be harmful because of unexpected changes in the envi-
ronment. Some parents may prefer to have children with fairer skin for 
social or aesthetic reasons, for example, but if global warming unexpect-
edly accelerated, light-skinned children might be at a disadvantage com-
pared with darker-skinned children, who would be less likely to develop 
skin cancer from excessive solar radiation.

Those at immediate risk of harm from genetic engineering are not 
only the children whose genes are sought to be engineered and their 
descendants, but their parents. Some techniques for altering germ cells 
involve tinkering with eggs or sperm while still in the ovaries or testes. 
As Susannah Baruch and her colleagues at the Genetics and Public Pol-
icy Center at Johns Hopkins point out, this could damage the cells that 
yield the mature reproductive cells and cause infertility, which already 
has taken place when these approaches have been tried on animals.65 
Mothers also might be placed at risk during labor by modifi cations that 
physically altered the child. For example, greater intelligence in animals 
is associated with larger brains, so it is possible that increasing intelli-
gence in humans would be accompanied by an expansion of our brains. 
Nick Bostrom and Anders Sandberg actually seem to advocate this, en-
visioning “interventions that moderately increased brain growth during 
gestation.”66 But bigger brains require bigger heads, and this could prove 
hazardous during the birthing process as infants with enlarged heads 
tried to make their way down the birth canal.
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The problem stems from the fact that the way humans deliver babies 
is a highly imperfect evolutionary compromise, known as the “obstet-
ric dilemma.”67 On the one hand, our brains, and hence our heads, are 
larger than those of other primates. On the other hand, the birth canal 
in humans is shorter and narrower than in other primates in order to 
strengthen the pelvis so that it can support our upright posture. In order 
to get their big brains (and shoulders) through the narrow pelvic pas-
sage, human infants must rotate themselves, and so they exit facedown, 
in contrast to other primate babies, which are born faceup. As a conse-
quence, while other primate mothers can grasp the newborn as it exits 
and lift it to suckle, it is almost impossible for human mothers to give 
birth without the assistance of someone else to catch and reposition the 
baby. In addition, the contest between head size and pelvic shape makes 
the birthing process much more painful and dangerous for humans than 
for other primates. One researcher at the State University of New York 
at Stony Brook estimates, for example, that between 20 and 25 percent 
of all human births have ended in the death of the mother or the fetus.68 
The toll would be much greater except that human babies are born “pre-
maturely” in comparison with apes and monkeys—17 months earlier in 
terms of development than chimpanzees, for instance;69 if not for this 
prematurity, babies’ heads would be even larger, and the risks to mother 
and baby even greater.

One response to the obstetric dilemma is to deliver babies surgically 
via cesarean section, which now accounts for 30 percent of all U.S. births. 
Surgical delivery has risks of its own, however, including infections, un-
planned hysterectomies, and embolisms.70 These risks are bound to be 
reduced with medical progress, and genetic engineers might even be 
able to refashion human pelvic development so that natural births be-
came easier, but the point remains that genetically modifying one trait 
may require a cascade of other changes, each with its own set of dangers 
and unforeseen consequences.

In short, attempts to genetically engineer humans create the risk of 
serious and even deadly physical effects to the children who are manipu-
lated and their descendants, as well as to their mothers. But children 
can suffer other types of damage besides physical injury. What kinds of 
nonphysical harm might be caused by efforts to direct human evolution?



chapter four

Psychosocial Harm to Children

There is always the chance that faulty genetic engineering could infl ict 
physical injuries on children. But even if the engineering worked, 

the desired modifi cations were successfully installed, and there was no 
immediate or obvious physical harm to the child, the child still might be 
worse off than if he or she had not been intentionally redesigned. In fact, 
some opponents of evolutionary engineering oppose changes that are 
likely to produce benign or benefi cial effects on the basis that the lives of 
future persons would have been engineered without their consent.1

Consent, or more specifi cally “informed consent,” is indeed a fun-
damental principle of biomedical ethics, and future persons obviously 
cannot give theirs in advance. Moreover, as the Council for Responsible 
Genetics points out, future persons “harmed or stigmatized by wrongful 
or unsuccessful germ line modifi cations” would likely have no recourse 
against the ancestors who were responsible.2 Yet few commentators are 
troubled by the absence of consent or accountability. Bioethicist Ray 
Moseley argues that “taken at face value this argument would imply that 
it is unethical to do anything affecting future generations, including pro-
duce them, since one cannot acquire their permission nor predict their 
wishes.” Moseley believes that the consent problem can be overcome 
if we simply avoid germ line changes that are predicted to lead to bad 
consequences.3 The late Marc Lappé, although a vocal crusader against 
genetically modifi ed foods, points out that “future generations” includes 
the next one, and that “to reject all germ line alterations as ‘unethical’ 
because not all germ line–engineered individuals will be assured nor-
mal protective options or that they may be genetically unsuited to future 
environments is tantamount to saying no one should have children.”4 
Theologian Ian Barbour suggests that “widespread public approval” can 
replace lack of informed consent by future generations.5 Nicholas Agar 
proposes that genetic enhancement be permitted unless it made it un-
likely that the child could lead a successful life “founded on values that 
oppose those of the enhancers.”6 So parents presumably could install ar-
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tistic talents so long as doing so did not prevent their descendants from 
successfully pursuing nonartistic careers, say, in investment banking.

Yet how likely is it that parents will make correct choices about which 
traits to modify? Modifi cations that parents think would be advanta-
geous might turn out to be social or economic handicaps. Parents might 
think it desirable to install artistic talents in their children, for example, 
but when the children reached adulthood, they might be unable to make 
a living as an artist if the economy suffered a severe, long-lasting eco-
nomic recession, or even just because too many parents had made the 
same choice and the art market had collapsed under the weight of too 
many objets d’art for sale.

Aside from the diffi culty of predicting which traits will be socially ad-
vantageous in the future, genetic choices might turn out to be unwise in that 
diffi culties created by genetic changes could end up greatly outweigh-
ing any advantages. British biologist Michael J. Reiss is one person who 
is concerned that genetic changes could end up causing children more 
harm than good. He cites the example of a genetically engineered strain 
of fruit fl ies that learns ten times faster than normal fl ies. “At fi rst sight,” 
comments Reiss, “the application of this technology to humans sounds 
marvelous. Imagine learning ten times faster; think of all the benefi ts it 
could bring.” But, he adds, “improved learning implies improved mem-
ory and if you have a far superior memory you will forget far less. Most 
of us have experienced unpleasant happenings which we are only too 
grateful to forget.”7

Consider one of the chief goals of the transhumanists, to substantially 
extend the human life span. Longevity could create serious social prob-
lems, such as overpopulation and stress on the environment. Careers 
might last longer, but there might be fewer entry-level openings and less 
upward job mobility. Longer-lived persons might consume more societal 
resources, putting fi nancial pressure on government programs such as 
Medicare and on communal services such as public safety and transpor-
tation, and competition for scarce resources could increase the confl ict 
between young and old. Life extension also could destabilize family re-
lationships. Longer-lived individuals could grow bored with longer mar-
riages, increasing the divorce rate. Successive marriages could weaken 
the emotional bond between parents and children. If older persons con-
tinued to be able to reproduce, siblings could become more estranged 
as the gaps in their ages widened. Inheritances would be more meager 
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if parents consumed more of their wealth over their longer lifetimes. In 
short, people might live longer but be less happy.

Other genetic changes could produce similar unwelcome trade-offs. 
Some of the Sleepless children in Nancy Kress’s novel Beggars in Spain 
drive their parents crazy by not sleeping, and one of the original 20 
Sleepless babies is shaken to death by its sleep-deprived mother; even 
if parental misconduct stopped short of physical violence, children who 
were especially diffi cult to raise might suffer from lack of love. At the 
same time, children who were made extremely beautiful could suffer 
greater mental anguish than more ordinary-looking people when their 
appearance deteriorated with age. While it seems self-evident that, 
if feasible, parents should engineer their kids to be smarter, could the 
children become, as the saying goes, too smart for their own good? The 
psychological diffi culties currently encountered by child prodigies, for 
example, are well documented. These children can be acutely afraid of 
failure and more adversely affected by developmental disorders such as 
dyslexia. They may do poorly in school because they are bored or because 
their extraordinary abilities in some areas, such as verbal intelligence, 
are accompanied by defi cits in others, such as spatial reasoning; this im-
balance can even make their average performance so mediocre that their 
talents go unrecognized. Prodigies also are known to develop a “false 
self,” a radical distortion of their personalities, in order to avoid provok-
ing the slightest signs of parental disapproval, something to which they 
are often extremely sensitive.8 And when they grow up, they often have 
adjustment problems when they see the abilities of their peers begin-
ning to catch up with their own.9 Conceivably, genetic engineering in 
the future will be able to prevent developmental disabilities and correct 
any undesirable mental states in the supersmart, but the development 
of these engineering capabilities may lag behind the ability to engineer 
greater intelligence, leaving the smart children vulnerable to the affl ic-
tions currently suffered by child prodigies.

Decisions about what genetic modifi cations to make also are likely to 
be culturally driven, which means that they will be culturally biased. In 
a report for the AAAS, for example, Mark Frankel and Audrey Chapman 
worry that social pressure to modify children “may promote something 
analogous to a kind of ‘soft eugenics,’ a ‘kinder, gentler program to “per-
fect” human individuals by “correcting” their genomes’ in conformity to 
specifi c societal norms or to an identifi ed ‘economically successful geno-
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type.’ ”10 Oxford philosopher Jonathan Glover quotes a comment by an 
Australian colleague that if it had been possible to engineer character 
traits in the Victorian era, the aim would have been to make children 
“more pious and patriotic.”11 Gregory Stock points out that “if you wanted 
to build a superior human, you would probably choose black skin, at 
least if the person was going to spend much time in the sun. . . . But 
don’t hold your breath waiting for such engineering. A genetic module 
for black skin is unlikely to be in big demand anytime soon. Blacks certainly 
don’t need it, and few nonblacks will want it.”12 Many Asians have their eyes 
surgically altered by placing a crease in the upper lid to give them a Western 
appearance; many of them might choose to make this change in their 
offspring through germ line genetic engineering if it were possible to 
do so. Kids likely would be made taller, since greater height commands 
a societal premium in most parts of the world. In the United States, for 
example, sperm banks turn away short men who wish to be donors,13 and 
some parents whose children are of normal height are reported to seek 
injections of human growth hormone so that the kids can grow up to be 
star basketball players.14 In China, being tall is so advantageous that the 
government has resorted to banning a type of cosmetic surgery in which 
a person’s shin bones are repeatedly sawn apart and fi xed in place with 
metal pins and braces, which adds an inch or two each time when the 
ends of the bone fuse together across the gap.

Perhaps there is no great harm from using genetic engineering to 
change the shape of people’s eyes or to make them taller, but what if the 
Chinese still practiced foot binding, the historical practice in which girls’ 
feet were grossly deformed to make them more sexually alluring, and 
parents wanted to engineer their daughters’ feet this way? Or what if 
tastes changed? Parents in India overwhelmingly prefer male children, 
and they already use biomedical technology to control the sex of their 
children. Thus, there are more than 250 clinics in Bombay that test fetuses 
for gender, technicians with portable ultrasound machines go around of-
fering their services in rural areas, and a study of 8,000 Indian abortions 
showed that in all but one the aborted fetus was female.15 But what if for 
some reason cultural preferences changed in the course of an engineered 
person’s lifetime and being male, for example, became stigmatized in-
stead (not to mention the risk, discussed later, that large gender imbal-
ances could imperil the survival of the human genetic line)?

Jonathan Glover offers his own answer to these “what-ifs” by declaring 
that there is no reason to assume that “opting for the genetic status quo 
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involves less commitment to a world view than opting for a change.”16 
Opponents of genetic engineering often are conservative and theistic, 
for example. Thus, Bill McKibben, the author of Enough, maintains that 
using genetics to improve the human race would violate our religious 
heritage. “In the Western tradition,” McKibben explains, “the idea of lim-
its goes right back to the start, to a God who made heaven and earth, 
beast and man, and then decided that it was enough, and stopped” (em-
phasis in original).17 When Harvard professor Michael Sandel opposes 
genetic enhancements on the grounds that they negate “the gifted nature 
of human powers and achievements,”18 it doesn’t take much to fi gure out 
Who he thinks is the gift giver. Leon Kass, the former chair of President 
Bush’s Council on Bioethics, makes a similar objection to human cloning 
when he argues that it is “a major alteration, indeed, a major violation, 
of our given nature” (emphasis added)19 and when he scoffs in reference 
to genetic engineering that “man, even at his most powerful, is capable 
only of playing at being God.”20 Yet the fact that McKibben, Sandel, and 
Kass share a desire to preserve certain religious values does not negate a 
concern for children who were engineered in ways that were once fashion-
able when fashions change. Given prevailing notions of female beauty, 
for example, parents might opt to produce girls who were thin and boy-
ish. A backlash against this body type, however, might result in these 
women being shunned as disturbing reminders of a misguided era of 
self-loathing and eating disorders.

Decisions about what traits to engineer may be not only culturally 
driven but dictated by the views of dominant economic and political 
elites. After all, it is these families that will be most able to afford the 
high costs of genetic engineering. Even the rather primitive technolo-
gies so far available, such as selective implantation of embryos produced 
through IVF, are extremely expensive.21 For example, it currently takes 
multiple cycles of IVF to produce a single viable pregnancy, at an aver-
age cost of over $12,000 per cycle,22 and this does not include the cost 
of the pre-implantation genetic testing needed to identify the desirable 
embryos to be implanted. Would-be parents thus have to spend in the 
neighborhood of $50,000 to take advantage of the relatively unsophis-
ticated genetic engineering options now available, which is equivalent 
to the median household income in the United States.23 The price of ge-
netic engineering is bound to come down over time as the technology is 
refi ned, but for the foreseeable future, it will be unaffordable except for 
the well-to-do. In a later chapter we will discuss the implications for lib-
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eral democracy. But even if prices dropped, elites are likely to continue 
to shape public attitudes toward genetic engineering through their role 
as opinion leaders, and this could adversely affect children as parents 
sought to engineer them in ways that would increase their chances of 
joining the ranks of the elite. If genetic factors associated with narcis-
sism were ever discovered, for instance, the success of people like Don-
ald Trump and Oprah Winfrey might lead some parents to engineer their 
children to be more narcissistic. But this might not make the children 
socially successful. As one Manhattan psychiatrist points out, “it sounds 
more impressive to say that someone is a narcissist rather than a jerk.”24

Do you recall the observation in chapter 2 that it will be diffi cult to 
regulate evolutionary engineering because to a large extent it will com-
prise many individual actions? Law professor and bioethicist George 
Annas thinks that fragmented decision making of this sort is another 
reason why people might make poor decisions about what traits to ge-
netically engineer. Instead, he urges us to use the political process to 
decide as a matter of public policy how to go about evolutionary engi-
neering. “Will we as a society permit individual scientists to try any or 
all of these experiments on humans,” he asks, “or can we learn from the 
unanticipated consequences of conquest and the horrors of war, that 
humans are better off when they think before they act, and act demo-
cratically when action can have a profound impact on every member of 
the species?”25 Not long after he wrote this, Annas proposed an inter-
national treaty to ban human germ line genetic engineering, removing 
these types of decisions from parents and clinicians and placing them in 
the hands of government. Later we will discuss whether Annas is correct 
in believing that collective decision making can best avoid misguided 
decisions by private individuals. Annas’s treaty was never adopted, how-
ever, raising questions about the feasibility of his approach.

Even if genetic engineering did not injure a child physically or un-
intentionally give it an unfavorable set of genetic attributes, the child’s 
quality of life could be compromised simply because of how others re-
acted to the fact that it had been engineered. For example, the idea of 
children being “designed” rather than brought into the world the “natu-
ral” way has led to worries about the potential adverse impact on the 
child’s relationship with its parents. Jonathan Glover thus states that 
“too much genetic intervention might make us feel ourselves mere pup-
pets of our parents and the technology they had at their disposal.”26 Crit-
ics of genetic engineering speculate that the children would be “com-
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modifi ed,” that is, regarded by their parents less like persons and more 
like “things.” They point to the fl ourishing industries that already have 
sprung up to serve parental demand for designer children, from adop-
tion services that employ genetic testing to donor eggs and sperm, surro-
gate wombs, and fertility clinics, and urge us to imagine how much more 
“manufactured” children might seem as increasingly advanced forms of 
genetic engineering enter the market. Leon Kass, for example, worries 
that “increasing control over [a child’s genetic makeup] can only be pur-
chased by the increasing depersonalization of the entire process and its 
coincident transformation into manufacture. Such an arrangement will 
be profoundly dehumanizing, no matter how genetically good or healthy 
the resultant children. . . . The commodifi cation of nascent human life 
will be unstoppable.”27

One result of commodifi cation could be that parents would be less 
accepting of their children’s shortcomings, viewing them as design fl aws 
rather than as the luck of the genetic draw. President Bush’s Council on 
Bioethics thus warns of a shift in parental perspective “from seeing a 
child as an unconditionally welcome gift to seeing him as a conditionally 
acceptable product,”28 while the AAAS envisions parents evaluating their 
children according to “standards of quality control.”29

An example of what might seem like a product-like mentality toward 
engineered children is a lawsuit by parents against the fertility clinic at 
the University of Utah.30 When David Harnicher’s sperm proved unable 
to fertilize his wife Stephanie’s egg, even with the aid of artifi cial insemi-
nation, the couple sought help from fertility specialists at the clinic, who 
came up with a three-pronged approach. First, they would harvest eggs 
from Stephanie and drill holes in them, in effect creating artifi cial door-
ways to make it easier for sperm to enter the eggs. Next, they would sell 
to the Harnichers sperm from a donor who matched David’s appearance. 
Finally, they would mix the donor sperm with David’s and put this in a 
petri dish containing Stephanie’s eggs. The goal was not only to enable 
the Harnichers to have a baby but to enable them to represent the baby 
as being biologically their own, since it would look like David, and un-
less a genetic test were conducted to ascertain whose sperm had actually 
fertilized the egg, there would be no easy way to tell that it wasn’t his.

The IVF worked, the Utah fertility doctors implanted the fertilized 
eggs in Stephanie’s womb, and as often occurs with IVF, Stephanie gave 
birth to triplets. At fi rst, she and her husband were delighted, but then 
they noticed that unlike David, who had dark hair, one of the babies 
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had red hair. It turned out that the fertility clinic had mistakenly sold 
the Harnichers sperm from the wrong donor. The Harnichers there-
upon sued the clinic, claiming that they had sustained emotional injury 
from their “disappointment” in their children’s appearance and from the 
fact that children who had been conceived with sperm from the correct 
donor would have been “better looking.” In a split decision, the Utah Su-
preme Court rejected the parents’ claims, ruling that the parents could 
not prove that they in fact had been harmed. But the court didn’t seem 
to be troubled by the parents’ contention that the children’s quality was 
not up to their expectations. Indeed, the judges noted that the parents 
had not asserted “any racial or ethnic mismatch between the triplets and 
their parents,” suggesting that if the Harnicher babies’ appearance had 
been different enough from what the parents had expected, their case 
might have succeeded.

Another concern with engineering one’s children is that parents who 
tried to have a direct hand in their children’s genetic makeup might 
feel personally responsible if their children did not turn out as planned. 
Parents often feel responsible for their children’s faults, but the adverse 
psychological effects could be more extreme if parents felt less able to 
shift as much of the blame to the roll of the genetic dice. The resulting 
guilt could make parents depressed and embittered, further souring the 
parent-child relationship, and interparental recriminations could lead 
to marital discord and dissolution. Not only would this threaten children 
with less stable family environments, but the children might well believe 
that they were the root cause of the family’s problems and so suffer the 
exquisite psychological torment that this attitude can infl ict.

Even if parents were pleased with the “product” that emerged at the 
end of a baby assembly process, the high cost of the genetic modifi cation 
process might so impoverish the family that the children were deprived 
of other important resources, ranging from family vacations to healthy 
food. Parents also might not be able to afford to modify all of their chil-
dren or to modify all of them equally, resulting in corrosive levels of sib-
ling rivalry.

Parents who designed their children also might harm them by confi n-
ing them to narrow developmental pathways. Parents who altered their 
children’s genes to make them exceptionally smart, for example, might 
insist that they become intellectuals rather than athletes or artists. Chil-
dren given martial talents might be expected to continue the family’s 
tradition of military service. Parental pressure of this sort would seem 
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to deny children what philosopher Joel Feinberg called the “right to an 
open future. “It is a duty of parents,” Feinberg proclaims, “to keep as 
many as possible of a child’s central life-options open until the child be-
comes an autonomous adult himself, and can decide on his own how 
to exercise them.”31 Children whose parents confi ned them to predeter-
mined paths may lead less happy lives because they feel overcontrolled, 
stunted, and unfulfi lled.

Not everyone agrees with Feinberg, however. Asserting what he 
calls the “Principle of Procreative Benefi cence,” Oxford professor Julian 
Savu lescu states that, rather than allowing their children the freedom to 
chart their own directions, parents have a duty to produce a child who 
“is expected to have the best life, or at least as good a life as the oth-
ers, based on the relevant available information.”32 While conceding that 
self-creation and independence are worth fostering, Jonathan Glover 
argues that they are impossible to achieve: “The infl uence of our genes 
on the choices we make excludes total self-creation. The infl uence of the 
parenting we are given excludes both total self-creation and total inde-
pendence.”33 Others reject the notion that parents would install a lim-
ited set of attributes in their children, rather than giving them multiple 
aptitudes to increase their chances of excelling in a variety of activities. 
Furthermore, many children who are raised by overbearing parents do 
not seem to lead poor lives. Numerous successful musicians recall how 
determined their parents were that they practice, many scholars remem-
ber being forced to do their homework before they were allowed to go 
out and play, and what would elite sports be like without parents who 
dragged their kids to gyms, tennis courts, or ice skating rinks?

And yet, parents may engineer only a limited number of talents in 
their offspring because of the cost, or for fear that, rather than mastering 
all, children given a large number of capabilities would master noth-
ing, frittering their lives away as dilettantes or bouncing aimlessly from 
one activity to the next. There also are bound to be biological limits on 
how many traits can be enhanced simultaneously, since some desirable 
characteristics are likely to interfere with others. Children who were en-
gineered to be big and tall, for instance, might not be capable of being 
lithe; as mentioned earlier, the physically strong might lack fi ne motor 
coordination; and an overdeveloped memory may impair the ability to 
heal from traumatic injury.

Furthermore, we’re not just talking about parents charting their chil-
dren’s futures once they were born but preprogramming them. Until re-
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cently, parents could only design their children in very limited ways, such 
as when actors, athletes, and musicians deliberately marry people with 
the same talents in order to increase the chances that their children will 
be able to follow in their footsteps. Interbreeding pales before the ability 
parents now have to select embryos for implantation after testing their 
genetic makeup, not to mention the genetic engineering techniques that 
will be available to parents in the not-so-distant future. Clearly, the more 
that parents are involved in the process of designing their offspring and 
the more money and effort they invest in doing so, the less willing they 
are likely to be to allow their children to march to the beat of their own 
drums. Even parents who were not particularly overbearing might feel 
let down by children who did not follow the paths that had been set out 
for them, and their children might feel guilty for being failures in their 
parents’ eyes.

At the same time, children who did successfully pursue the goals 
for which they had been designed might feel cheated because they felt 
that they did not fully deserve the credit they received for their accom-
plishments. Transhumanist Nick Bostrom dismisses this concern out of 
hand. “Suppose it turned out that playing Mozart to pregnant mothers 
improved the child’s subsequent musical talent,” he speculates. “No-
body would argue for a ban on Mozart-in-the-womb on grounds that 
we cannot rule out that some psychological woe might befall the child 
once she discovers that her facility with the violin had been prenatally 
‘programmed’ by her parents. Yet when it comes to e.g. genetic enhance-
ments, arguments that are not so very different from this parody are 
often put forward as weighty if not conclusive objections by eminent 
bioconservative writers.”34 Bostrum may be correct that parents already 
do many things to give their children advantages without seeming to di-
minish their children’s sense of accomplishment, but background music 
playing in the vicinity of a pregnant woman hardly seems on a par with 
genetic modifi cation. A recent study seems to bear out the concern: chil-
dren who were told that they had inherited genes that made them good 
at sports had lower self-esteem than children who were told that their 
genes were “neutral” in terms of athletic ability.35

While engineered children inherently may resent being deprived of 
the right to fully enjoy their accomplishments, much of their attitude 
is likely to depend on how their accomplishments are viewed by others. 
If they were well rewarded for their attainments despite having had an 
advantage by being genetically enhanced, children probably would feel 
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more positive about what they had achieved. By the same token, children 
are likely to take greater pride in their successes the more praise they 
receive from their parents.

But how would genetically modifi ed children be received by the rest 
of society? Remember the negative societal reactions to genetically en-
gineered people in novels like Beggars in Spain. Opponents of genetic 
engineering predict that engineered individuals would suffer serious ad-
verse psychological effects from the extremely negative emotional reac-
tion that they would trigger in others. This reaction is known as “the yuck 
factor,” a term attributed to Arthur Caplan as well as Leon Kass, among 
others. Kass regards this type of revulsion as an indicator of profound 
moral truths, proclaiming in a famous 1997 article in the New  Republic 
that “in crucial cases, repugnance is the emotional expression of deep 
wisdom, beyond reason’s power to fully articulate it.”36 In this case, Kass 
says that, regardless of the reasoned arguments of the transhumanists, 
our feeling of repugnance shows us that human evolutionary engineering 
is simply wrong. Kass’s claim that emotional reactions can signal moral 
truths is highly problematic. After all, as one critic points out, marriages 
between whites and blacks “turned the stomachs of many in white Amer-
ica,”37 but this didn’t make the marriages immoral. Moreover, emotional 
reactions to behavior differ among different cultures, which undercuts 
Kass’s conviction that there exist universal moral truths.38 But regardless 
of whether emotional responses reveal moral certainties, the yuck factor 
that engineered children provoked in others could cause them a great 
deal of suffering.
i
One way that children would be especially likely to gross other people 

out would be if they had been engineered to be part animal and part 
human. The rationale for inserting animal material into humans is fairly 
obvious. Julian Savulescu suggests that people may want genes for lon-
gevity from tortoises, memory from elephants, and night vision from 
owls and rabbits.39 Or imagine if we had an eagle’s vision, a dog’s sense of 
smell, a gorilla’s strength, a cheetah’s speed, and, for those who wanted 
to spend time underwater, a fi sh’s gills. This is not to say that it will be 
possible to modify people in these ways anytime soon, or that everyone 
would want to be given any or all of these abilities, but evolution has 
produced some excellent traits in other species that at least some parents 
are bound to be interested in installing in their offspring.

There are various ways that mixing animal and human characteristics 
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could be accomplished. One way would be to create a “chimera,” a being 
that contained both human and animal cells. The NIH, for example, is 
studying ways to inject human bone marrow into rats to regenerate dam-
aged heart muscles.40 UCLA researchers have recreated human immune 
systems in mice to study infections such as HIV,41 and in order to study 
neurodegenerative disease, scientists at the Salk Institute in La Jolla 
have injected human embryonic stem cells into the brains of fetal mice 
to create mice with working human nerve cells.42 SUNY Upstate Medi-
cal University has a center where mice are injected with human auto-
immune disease and cancer cells in order to test possible treatments; 
disconcertingly perhaps, the technical term they use for what they do 
to the mice is to “humanize” them.43 Pigs are also fairly common targets 
because of the similarities between their organs and those of humans; 
Chinese scientists have made progress engineering pigs with human 
cells to reduce the risk of rejection when porcine organs are transplanted 
into humans.44 And back in 1992, researchers at the Indiana University 
School of Medicine and the Veterans Administration in Reno, Nevada, 
announced that they had produced lambs that had as much as 4 percent 
of their bone marrow made up of human cells by injecting human blood 
stem cells into the bellies of the lamb fetuses while they were still in the 
womb.45

Inserting human cells into animals is objected to on the basis that it 
is unnatural and ugly. Michael Crichton ably evokes this reaction with 
the character of Dave—part human, part chimpanzee—in Next. Critics 
are also concerned that the animals could become so humanlike as to 
“introduce inexorable moral confusion in our existing relationships with 
nonhuman animals and in our future relationships with part-human hy-
brids and chimeras.”46 The greatest outcry is in response to attempts to 
grow human brain tissue in the brains of primates. In 2000, for example, 
a team of researchers led by a Harvard neurologist implanted human 
neural stem cells into the brains of Old World monkey fetuses.47 In 2005, 
an article in the New York Times described experiments conducted in 
St. Kitts in the West Indies in which human neural stem cells were in-
jected into the brains of green vervet monkeys, where they merged with 
the monkey’s brain tissue.48 The National Academy of Sciences (NAS) 
reacted to the announcement of these experiments by issuing voluntary 
guidelines that prohibit permitting an animal into which human embry-
onic stem cells have been introduced to breed, as well as outlawing the 
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insertion of human embryonic stem cells into animal eggs or sperm and 
vice versa.49

While inserting human cells into animals is now fairly routine, at-
tempts at inserting animal cells into humans is still relatively infrequent. 
As a result of the shortage of human organs for human transplantation, 
transplant surgeons have long been interested in replacing faulty human 
organs with parts from animals, a practice known as xenotransplanta-
tion. The fi rst attempt was in 1906, when a French surgeon named Ma-
thieu Jaboulay sewed a pig’s kidney into one woman’s elbow and a goat’s 
liver into another’s. The problem with transplanting animal organs, 
however, is that the human body regards them as foreign infections and 
tries to kill or “reject” them. Thus, the pig and goat organs implanted in 
1906 failed almost immediately, and both patients died shortly there-
after.50 More recently, doctors at Loma Linda University Medical Center 
in 1984 inserted a baboon heart into an infant called Baby Fae, but the 
child only survived for 20 days. Despite the marginal success thus far, 
experimentation persists. According to the Biotechnology Industry Or-
ganization (BIO), surgeons in the United States and South Africa made 
31 attempts between 1963 and 1993 to use xenotranplants as a stopgap 
measure to keep patients alive until human organs could be procured.51 
One of these patients, who received a chimpanzee kidney, lived for nine 
months, and in 1992, a woman survived until a human organ was avail-
able by relying on a pig’s liver, which was kept outside her body and con-
nected to her by arterial tubes.52 In addition to trying to transplant entire 
animal organs into people, researchers have attempted to treat Parkin-
son’s disease by inserting brain tissue from fetal pigs into the brains of 
patients, although the results so far have been disappointing.53 BIO de-
scribes ongoing research in which patients with Huntington’s disease 
are being given modifi ed bovine brain tissue, although the organization 
admits that “these studies are still very preliminary.”54

Eventually, scientists may attempt to fold nonhuman DNA into a 
person’s germ line, so that the animal DNA would be passed along to 
his or her descendants. One technique would be to fertilize human eggs 
with animal sperm to produce so-called animal-human hybrids. Alter-
natively, there could be nonhuman-human transgenics, where animal 
DNA was spliced into human DNA at a suffi ciently early stage of embry-
onic development that the animal DNA found its way to the individual’s 
sperm or eggs.55 Neither of these techniques is known to be in use as of 
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yet, and with the technology currently available, it is doubtful that any of 
the resulting embryos would survive until birth.56 But with suffi cient ad-
vances in reproductive and genetic science, approaches like these might 
become options in the future.

Putting animal cells or DNA into humans raises a number of disturb-
ing issues. Safety concerns go far beyond whether the animal material 
would function as it was intended. Remember how Paul Berg almost 
came a cropper when he planned to splice a cancer-causing monkey virus 
into bacteria that populate the human digestive tract. Efforts to implant 
animal organs or tissue into humans to alleviate transplant shortages 
have bogged down not only because of rejection problems but because 
of the fear that the recipients could be infected with lethal animal vi-
ruses. (Marburg, ebola, malaria, HIV, and many infl uenzas are viruses 
that have migrated from animals to humans.)

Even if the animal material didn’t cause humans physical injury, it 
could cause psychological or social harm to those who had been engi-
neered. So much animal matter might be added to humans that it raised 
doubts about whether the resulting individuals were still truly human. 
Philosopher Jonathan Glover observes that “blurring species lines may 
be upsetting precisely because it breaks down our system of classifi ca-
tion,” explaining that it could lead to confusion or reduction in respect 
for resulting individuals.57 Glover is not worried that the chimeras would 
be cast out from human society; in his opinion, this particular problem 
can be solved “by producing enough of the new type for them to make 
their own community.”58 But what would it be like to be shunned by ev-
eryone else? Imagine being treated like the occupants of the “prawn” 
shantytown in the movie District 9.

Even if parents stopped short of making chimeras or animal-human 
hybrids, children might be considered no longer fully human merely 
because they had been genetically engineered. Leon Kass, for example, 
complains that “most of the given bestowals of nature have their given 
species-specifi ed natures: they are each and all of a given sort. Cock-
roaches and humans are equally bestowed but differently natured. To 
turn a man into a cockroach—as we don’t need Kafka to show us—would 
be dehumanizing. To try to turn a man into more than a man might be 
so as well.”59 Of course, as Jonathan Glover notes, there is much about 
human nature that we could probably do without. “Given our history,” he 
points out, “the idea that we must preserve all the characteristics that are 
natural to us is not obvious without argument.”60
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Nevertheless, opponents of evolutionary engineering are troubled by 
the prospect that people who were genetically modifi ed would be denied 
human dignity. Frances Fukuyama warns, for example, that “denial of 
the concept of human dignity—that is, of the idea that there is something 
unique about the human race that entitles every member of the species 
to a higher moral status than the rest of the natural world—leads us 
down a very perilous path.”61 Bioethicist and legal scholar George Annas 
similarly fears that “genetic engineering has the capacity to change the 
very meaning of what it is to be human. There are limits to how far we 
can go in changing our human nature,” he continues, “without chang-
ing our humanity and our basic human values. Because it is the mean-
ing of humanness (our distinctness from other animals) that has given 
birth to our concepts of both human dignity and human rights, altering 
our nature necessarily threatens to undermine both human dignity and 
human rights. With their loss the fundamental belief in human equality 
would also be lost.”62 When the Council of Europe, one of the two legisla-
tive bodies of the European Union, voted to prohibit both “interventions 
aimed at modifying genetic characteristics not related to a disease or to 
an ailment” and “interventions seeking to introduce any modifi cation in 
the genome of any descendants,”63 it asserted that its objective was “to 
protect human rights and dignity,” which, it added, “is inspired by the 
principle of the primacy of the human being.”64

Transhumanists scoff at these concerns. Nick Bostrum observes that 
the trend in Western societies has been to extend human dignity to new 
groups. “The set of individuals accorded full moral status by Western so-
cieties has actually increased,” notes Bostrum, “to include men without 
property or noble descent, women, and non-white peoples.” This leads him 
to be confi dent that dignity would be extended to “future posthumans,” 
and perhaps even to “higher primates or human-animal chimaeras.”65

Moreover, the transhumanists and their opponents disagree passion-
ately about whether humans in fact have a special “nature” that would 
be jeopardized by evolutionary engineering. Fukuyama maintains that 
there is a cluster of uniquely human attributes that he calls “Factor 
X,” and he opposes genetic engineering even if it were technically suc-
cessful on the grounds that it would alter this bundle of traits. Unfor-
tunately, Fukuyama declines to specify exactly what traits he has in 
mind, claiming that “Factor X cannot be reduced to the possession of 
moral choice, or reason, or language, or sociability, or sentience, or emo-
tions, or consciousness, or any other quality that has been put forth as 
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a ground for human dignity. It is all of these qualities coming together 
in a human whole that make up Factor X. Every member of the human 
species possesses a genetic endowment that allows him or her to become 
a whole human being, an endowment that distinguishes a human in es-
sence from other types of creatures.”66

Fukuyama’s critics, including many of the transhumanists, argue that 
he is forced to describe Factor X in this mysterious manner because it is 
impossible to identify any characteristics or behaviors that are uniquely 
human. As behavioral biologists have discovered, other animals do vir-
tually everything we do, if perhaps less well. Whales sing. Crows use 
tools.67 A species of monkey called Campbell’s Guenon speaks, even 
forming sentences with syntax.68 The late Swedish archeologist Bo Gräs-
lund notes that “we share most of our emotional repertoire with other 
higher animals. Anger, fear, anxiety, respect, happiness, the joy of re-
union, parental love, sorrow, sadness, loneliness, apathy, friendship and 
sexual frustration, perhaps also melancholy, longing, jealousy, hate and 
a lust for revenge are all things that we encounter in some form among 
several higher animals.”69 My dog loves to play tricks on me, and even if 
she doesn’t giggle, I’m convinced that she grins. The Capuchin monkey 
has been said to have such a well-developed sense of fairness that, when 
rewarded unfairly compared to other monkeys for performing the same 
task (handing a rock to a trainer), it will refuse to perform the task again, 
reject the reward, or even throw it at the researchers.70

One thing we do that animals don’t is write, but we only started doing 
this about 5,500 years ago,71 and Fukuyama no doubt would accept that 
humans with full-fl edged amounts of Factor X have been around a lot 
longer than that. The diffi culty that Fukuyama and others who share his 
view of human nature encounter in attempting to specify exactly what 
separates humans from other animals leads to the accusation that theirs 
is a discredited, homocentric view of evolution, or what anthropologist 
Pamela Willoughby calls “old constructions of the past” that “have no 
more basis in fact than the origin myths of other societies.”72 But even 
if their views are unsound, parents considering whether to genetically 
modify their children need to be aware that many people may agree with 
Fukuyama that genetically engineered individuals may not be worthy of 
being treated as fully human.

Another reason that evolutionarily engineered children may strike 
others as abhorrent is the way in which they would be produced. People 
may be put off by the deliberate, calculated decisions that parents would 
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make about which of their children’s characteristics to modify. As the 
Genetics and Public Policy Center at Johns Hopkins notes, “religious 
and secular scholars alike have argued that [human germ line genetic 
engineering] would threaten human dignity by creating children in a 
utilitarian way.”73 Some people also may be offended by the need to re-
place the traditional sexual act with artifi cial insemination, which would 
be necessary, at least until sometime in the future, in order to isolate and 
manipulate cells from early-stage embryos. Leon Kass, for example, once 
expressed the view that IVF was “a degradation of parenthood.”74 Kass 
has since reconciled himself to the use of IVF as an acceptable means of 
treating infertility, but he still opposes it for other uses, and he continues 
to rue it as the technology that opened the door to disturbing technolo-
gies such as genetic engineering and human reproductive cloning.

Proponents of evolutionary engineering defend IVF and other repro-
ductive methods that would be required to make it possible by pointing 
to the critics’ insistence that humans are unique. “Since humans are the 
sole species on earth that can plan and create,” argues attorney Joshua 
Rosenkranz, “perhaps there is something uniquely human about pro-
creation through genetic engineering.”75 Bioethicist and former priest 
Joseph Fletcher even argues that these new methods of reproduction are 
more human than the traditional methods. “It seems to me,” he states, 
“that laboratory reproduction is radically human compared to conception 
by ordinary heterosexual intercourse. It is willed, chosen, purposed and 
controlled, and surely these are among the traits that distinguish Homo 
sapiens from others in the animal genus, from the primates down. Coital 
reproduction is, therefore, less human than laboratory reproduction—
more fun, to be sure, but with our separation of baby making from love 
making, both become more human because they are matters of choice, 
not chance.”76 But traditionalists like Kass are unlikely to be convinced, 
and the more artifi cial the reproductive method, the more offended they 
are likely to be by its results.

It isn’t hard to envision the devastating effects that a strong nega-
tive reaction from others could have on the self-image and self-esteem 
of genetically engineered children. Children’s psyches are fragile under 
the best of circumstances; any parent knows how miserable perfectly 
normal children can become when they are teased for some trivial or 
even wholly imagined attribute. Now imagine what it would be like for 
children who truly were different, perhaps dramatically so. Moreover, 
the wounds sustained as a result of being stigmatized and rejected by 
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one’s peers have long-lasting effects. Studies show that adverse effects on 
academic performance persist through young adulthood, and unpopu-
lar children are more likely to have serious psychological problems and, 
especially in the case of boys, to engage in criminal behavior and aggres-
siveness in later life.77

Defenders of evolutionary engineering seek to downplay these con-
cerns. Nick Bostrum reminds us, for example, that “similarly ominous 
forecasts were made in the seventies about the severe psychological 
damage that children conceived through IVF would suffer upon learning 
that they originated from a test tube—a prediction that turned out to be 
entirely false.”78 Genetically modifi ed children in fact might be treated as 
celebrities. Leslie and John Brown, the parents of Louise Brown, the fi rst 
baby conceived through IVF, were forced to go to extraordinary lengths 
to preserve their privacy when the press discovered when Leslie was six 
months pregnant what they had been doing.79 Registered under a false 
name in a hospital, Leslie and John could not go home because of the 
hoards of reporters and photographers awaiting them. A British tabloid 
fi nally arranged to smuggle them out of the hospital, a feat requiring 
the use of nine decoy cars. (Surprisingly, Louise herself has been able to 
lead a normal, retiring life while quietly working for a shipping company 
in Bristol, England. When upon turning 30 she was contacted by the 
media and asked how she planned to celebrate her birthday, she replied, 
“I might go out with my friends or I might have a meal with the family. 
I’m planning on having a quiet one.”)80

Whether genetically engineered children would be treated as celebri-
ties or freaks would no doubt depend in large part on the ways in which 
they were engineered. One of the reasons why Louise Brown has been 
able to lead a relatively private life is that she looks completely normal. 
Genetically modifi ed children who did not look normal, however, would 
fi nd it hard to avoid sticking out, especially if they appeared extremely 
odd or ugly. Although putting eyes in the back of our heads might be 
tremendously advantageous, observes British bioethicist John Harris, 
“this might also make people thus modifi ed so sexually and arguably aes-
thetically repulsive that it is bad for you, all things considered.”81 Indeed, 
as we will discuss later, this could be deleterious from an evolutionary 
standpoint if people with rear-view vision had diffi culty fi nding mates.

Of course, looks are not everything. Even if children’s physical ap-
pearance was suffi ciently normal that it did not attract attention, they 
could set themselves apart from others by their behavior. A child who 
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was dramatically smarter, faster, stronger, or perpetually cheerful would 
be bound to be noticed, and not necessarily in a good way. As Ann Hul-
bert writes in the New York Times about the attitudes toward exceptional 
fi gures in the past, “baby Hercules had occasion to display his prowess 
in strangling serpents because jealous Juno, angered that Jupiter had 
sired a son with a mere mortal, dispatched snakes to his cradle.” When 
spectators saw 12-year-old Jesus sitting in the temple, “in the midst of 
the doctors, both hearing them, and asking them questions,” this invited 
“not only astonishment ‘at his understanding and answers,’ but also re-
bukes from his bewildered parents; they’re unsettled by his insistence 
that he ‘must be about my Father’s business,’ well aware that he isn’t re-
ferring to Joseph.” Hulbert adds that “in the Infancy Gospel of Thomas, 
perhaps the fi rst early Christian attempt to fi ll in Jesus’ life before that 
temple story, awe is mixed with terror. Jesus is an alarming little boy who 
doesn’t merely make real birds out of clay and work other miracles but 
causes the death of those who scold him for not resting on the Sabbath 
and shames masters who try to instruct him in his letters.”82 Perhaps you 
recall your reaction to seeing the Twilight Zone episode entitled “It’s a 
Good Life,” in which a normal-looking boy uses his frightful powers to 
terrorize the adults around him.

Even if genetically engineered children looked normal and took pains 
whenever they were being observed to behave the way others did, they 
might not be able to keep their background a secret for long. Louise 
Brown’s parents reportedly accepted hundreds of thousands of dollars 
from a British newspaper for the exclusive rights to their story, and if 
they had rejected the offer, the press and paparazzi most likely would 
have hunted them down anyway and hounded them for their media 
value. Even if the families of engineered children sought to maintain 
their anonymity, opponents of genetic engineering and child welfare ad-
vocates might try to sniff them out so that the parents could be punished 
or at least ostracized for engendering their children.

Added to the physical risks of genetic engineering, then, are the risks 
to the modifi ed children’s mental well-being. They may be socially dis-
advantaged by parental choices that time proved to be bad or a fad. They 
may be hurt by family discord provoked by the costs and challenges of 
raising them or being their siblings. They may suffer the psychological 
distress of growing up as prodigies, or far worse, as monsters. They may 
be punished for what they look like, how they act, or simply who they 
are. The potential adverse impact of genetic engineering on engineered 
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children alone should be enough to make us wary about going down this 
path.

The physical and emotional impact on engineered children, while the 
right place to begin our evaluation of evolutionary engineering, is not 
the only concern, however. We must also consider the potential impact 
on the societies in which these children will live. Not everyone’s children 
would be genetically modifi ed, at least not at fi rst and probably not for 
a considerable time. What would happen to social and political institu-
tions if only some of their members were engineered? How would this 
affect the distribution of societal burdens and benefi ts? Would the cre-
ation of a genetic aristocracy through the use of germ line engineering, 
even one expected to last only until the genetic technology became more 
widely available, widen the gulf between haves and have-nots to the 
point that it fatally frayed the fabric of civil society? And given that living 
harmoniously alongside people from different cultural backgrounds is 
proving so diffi cult in many places, what would it be like to try to coexist 
with people with major biological differences?



chapter five

Broader Consequences for Society

Engineered children could suffer considerably if regarded as freaks 
by those who were not engineered. But there is another factor that 

would signifi cantly affect how engineered persons were viewed by oth-
ers: genetic engineering is likely to be unaffordable for large segments of 
society. As discussed earlier, IVF, which would be a necessary fi rst step 
in genetically modifying an embryo, costs about $50,000 for each live 
birth. Since this is the median household income in the United States,1 
it is clear that many Americans (not to mention those living in poorer 
countries) would lack the resources to pay for IVF, let alone for the ge-
netic engineering. No doubt costs would come down over time, but by 
then it might be too late.

In Nancy Kress’s novel Beggars in Spain, only two of the original 
Sleepless children are born to wealthy parents. This makes sense, explains 
one of the children, because “rich people don’t have their children genet-
ically modifi ed to be superior—they think any offspring of theirs already 
is superior. . . . We Sleepless are upper-middle class, no more. The chil-
dren of professors, scientists, people who value brains and time.”2 Kress’s 
view seems highly improbable, however. In a future in which genetic ma-
nipulation can confer exceptional abilities, wealthy parents are bound to 
want to buy their children whatever advantages are being marketed. It is 
much more likely that only families with substantial wealth will be able 
to engineer their children, at least initially. As I described in my earlier 
book Wondergenes, the families that were able to avail themselves of ge-
netic technologies would be

the most attractive, strongest, most graceful, most intelligent, most 
charismatic, and most inventive, and they will run the most successful 
businesses. All of these advantages will be rolled into the same persons. 
They will enjoy decisive advantages over everyone else in all realms of 
life—sports and beauty contests, game and talent shows, entertainment 
and the arts, admission to the best educational institutions, entry into 
the professions, political offi ce and government appointment, getting 
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rich or richer, and grabbing the most desirable mates. They will attain a 
monopoly over the best things in life, and their position at the pinnacle 
of society will be unassailable.3

And remember that, as a result of germ line genetic engineering, these 
advantages would be passed on to their offspring, creating what I call the 
new “genobility.”

Already, our society is being destabilized by the growing rift between 
rich and poor. As I pointed out in my book The Price of Perfection, “cor-
porate executives earn hundreds of times more than their workers, com-
pared to just an 11-to-1 ratio in Japan and a 22-to-1 ratio in Britain. The 
300,000 Americans with the highest incomes earned 440 times more 
than those in the bottom half of the country in terms of income, and 
their income almost equaled that of the bottom 150 million.”4 In 2006, 
just over half of household income was concentrated in the top 20 per-
cent of Americans.5 Census data show that the top 20 percent now own 
84 percent of the nation’s wealth.6 George H. Bush joked about this to a 
wealthy audience in 2000: “What an impressive crowd: the haves, and 
the have-mores. Some people call you the elite; I call you my base.”7 But 
it’s no joke. A professor at the University of California puts it succinctly: 
“Just 10% of the people own the United States of America.”8

What’s holding our country together in spite of this growing inequal-
ity arguably is a persistent belief that we still enjoy equality of oppor-
tunity. In a recent poll, a random sample of 5,500 respondents grossly 
underestimated wealth disparities in the United States, guessing that 
the richest 20 percent of the population only owned 58 percent of the 
wealth, rather than the true fi gure, 84 percent.9 We believe that our kids 
can go to college even if we didn’t, and that anyone who works hard can 
do well. But if the American Dream were exposed as a myth, then lib-
eral democracy would be in danger of collapsing. And nothing is likely 
to threaten the belief in equality of opportunity as much as inequality 
engineered into our genes.

As I described in Wondergenes, if the oligarchy that already wields 
disproportionate social and political power obtained preferential ac-
cess to the advantages that genetic engineering made possible, it might 
not only discriminate against individuals whom they deem inferior but 
treat the entire population of these individuals as a pariah caste, like 
the Dalits or “Untouchables” in India. As the Council for Responsible 
Genetics warns, “people who fall short of some technically achievable 
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ideal would increasingly be seen as ‘damaged goods.’ ”10 Emily Marden 
and Dorothy Nelkin point out the special risks that would be posed for 
persons with disabilities, who “fear that they will be devalued or be seen 
as having ‘lives not worth living’ if it were possible to eradicate their dis-
ability.”11 Susannah Baruch and her colleagues at Johns Hopkins’s Genet-
ics and Public Policy Center object that “modifying children to eliminate 
disabilities confl icts with the notion that living with a disability need not 
be detrimental to that individual, his or her family, or society at large” 
and caution that “such decisions by prospective parents reduce a dis-
abled person to a single trait and reinforce the idea that the problem is 
disability, rather than society’s failure to provide adequate measures so 
that those who are disabled can function well.”12

Yet there is no reason to expect that the genetic underclass would just 
sit back and allow itself to be subjugated. In my earlier book Wonder-
genes, I predicted that a societal collapse could take place if only wealthy 
families were able to afford to genetically engineer their children. This 
breakdown might not occur at fi rst or all at once, since I speculated that

the genetic underclass might cede power for a time to its genetic 
superiors in return for the material benefi ts made possible by genetic 
advances. The members of the underclass might be content for a while 
with being upwardly mobile only within the confi nes of their class. The 
enhanced, in turn, might rule according to enlightened principles of 
noblesse oblige, taking care to permit suffi cient benefi ts to trickle down 
to maintain political and social equilibrium. A democracy of sorts even 
might persist, with the unenhanced electing representatives who either 
were members of the genetic upper class or who were committed to 
preserving its privileges. Such a system might not look very different 
from our own in this respect, since we typically elect representatives 
who are considerably more privileged than their constituents.

But I doubted that this state of equilibrium could be sustained for 
long. “For one thing,” I noted, “the members of the genetic upper-class 
would need to maintain a good deal of self-control to avoid overreach-
ing. They would need to monitor and regulate each other to prevent 
anti-social excesses of greed. And a quasi-democratic system would be 
highly vulnerable to demagogues who achieved political power by prom-
ising to redistribute genetic enhancements more evenly.” Ultimately, I 
stated, “we are likely to encounter an era of growing social chaos as so-
ciety swings in ever-widening arcs between rule by underclass dema-
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gogues and by the genetic aristocracy. Eventually this could deteriorate 
into mob rule, and fi nally, anarchy. To rid itself of its underclass status, 
the unenhanced even might go so far as to try to destroy the scientifi c 
foundations of the genetic revolution, physically dismantling research 
centers and erasing mapping and sequencing data.” Boston University 
professor George Annas agrees that things could get very bad indeed. 
“The new ‘ideal’ human, the genetically-engineered ‘superior’ human, 
would almost certainly come to represent ‘the other,’ ” says Annas. “If his-
tory is a guide, either the normal humans will view the ‘better’ humans 
as ‘the other,’ and seek to control or destroy them, or vice-versa.”13

Another way that evolutionary engineering could destabilize so-
ciety would be if it produced too much change too rapidly. As part of 
their culture, humans have developed a remarkable set of tools. These 
tools include language, which helps humans to avoid making the same 
 survival-impairing errors over and over again by sharing knowledge 
and experience and transmitting it easily to their offspring; science, en-
gineering, and industry, including communications technologies that 
make it possible to transmit language rapidly and richly; machinery to 
build better dwellings, gain access to additional resources, extend our 
range, and survive what previously would have been lethal shifts in the 
environment; and modern medicine, which enables people to reproduce 
who would not have been able to before.

Over much of time, these instruments of human culture have devel-
oped slowly. The fi rst stone tools, which Ian Tattersall describes as “sim-
ple fl akes chipped from parent ‘cores,’ ” are about 2.5 million years old. 
Although modern humans appeared around 700,000 years later, on the 
tool front, nothing much happened for almost another million years, at 
which point humans invented hand axes. Tattersall explains that it took 
another million years after that before humans made the next big leap, 
“prepared-core tools,” in which “a stone core was elaborately shaped in 
such a way that a single blow would detach what was an effectively fi n-
ished implement.”14 Not exactly a cultural juggernaut.

Fifteen thousand years ago, however, technological change suddenly 
gathered steam. Humans switched from being hunter-gatherers to 
farmers and herders. Writing appeared a few thousand years later. In 
the past 200 years, the industrial and computer revolutions have taken 
place; in the past 50, the revolution in human genetics. “During this 
time,” points out Swedish geneticist Claus Ramel, “man did not undergo 
any dramatic genetic alterations, and the whole development of human 
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society and way of living can be attributed to a cultural and not a ge-
netic evolution.”15 The tools of modern technology arguably now play a 
greater role than the forces of nature in making humans better adapted 
to the environment. Moreover, reliance on technological fi xes may well
become even greater if humans continue to have such limited success 
in bringing the environment under their control. Not that we haven’t 
tried everything from invoking the gods to shooting off “hail cannons,” 
sonic blasters that look like upended rocket engines that fruit grow-
ers fi re in an effort to prevent hail from damaging their crops. For the 
2008 Peking Olympics, the Chinese even took the veteran technology of 
cloud seeding to a new level, enlisting 37,000 people to fi re silver iodide 
shells at passing clouds from antiaircraft guns and rocket launchers so 
that the clouds would dump their moisture before they reached, and 
spoiled the events being held in, the roofl ess Bird’s Nest Stadium. (The 
plan also was to use the weapons to make it rain in Peking in case the 
atmosphere needed to be cleansed so that it could be breathed by elite 
athletes competing at the peak of their performance.) In fact, rather 
than making the environment more hospitable and predictable, it seems 
that humans are exacerbating the environmental challenges they face 
through global warming.

The tools of culture not only protect our vulnerable bodies from envi-
ronmental threats, including the ones we create, but also can change 
the biological makeup of our bodies directly. Even now, before genetic 
engineering is perfected, David Sloan Wilson claims that “our capacity 
for culture has shifted evolution into hyperspace.”16 Biologist Stephen 
Palumbi lists numerous biological changes that have resulted in just the 
past 50 years from the effects of human activity on the ecosystem, includ-
ing “antibiotic resistance, the triumph of HIV over antiviral drugs, size 
reduction in overexploited fi sheries, and resistance of insects to nerve 
gas pesticides.”17 Ernst Mayr points out that the sickle cell trait and other 
genes that confer partial resistance to malaria most likely have probably 
developed in less than 100 generations.18 Perhaps the best illustration 
of culture impacting human genetics, asserts Nicholas Wade, is lactose 
tolerance. Normally, the gene that digests milk switches off after wean-
ing and adults cannot tolerate dairy products. As cattle became domesti-
cated in Northern Europe over the past 5,000 years, the switch appears 
to have become inactive in populations that obtain nourishment from 
bovine milk.19

But what would happen if radical genetic modifi cation caused bio-
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logical change to take place at an even more rapid pace? In Wondergenes 
I pointed out that we are in the midst of twin scientifi c revolutions, the 
revolution in human genetics and the computer revolution. A  company 
headed by Craig Venter deciphered the structural components of the 
human genome in one-tenth of the time it took the government by utiliz-
ing the largest amount of private supercomputing capacity in the world. 
Think of how much of a difference computerization has made in the 
world in the past 30 years. Then, to factor in the contribution of genetic 
science, square it. That’s how fast things are moving just in human ge-
netics. It’s as if the controlled use of fi re and the invention of the wheel 
had happened in the same half century. Is there a point at which social 
institutions and relationships would no longer be fl exible enough to ac-
commodate this much instability? Would family life and child rearing 
become dysfunctional? Would political and economic structures fail? 
Throw into the mix a major environmental change such as global warm-
ing, and there could be a complete societal collapse.

One factor that would cause societal strife would be the extreme re-
actions of those who oppose evolutionary engineering. Genetic modifi -
cations that were too sudden or extreme might trigger a backlash against 
the technology and perhaps against its underlying scientifi c research 
base as well. As noted earlier, much of the opposition to evolutionary 
engineering comes from conservative religious circles. To them, the no-
tion that humans should control their evolution is a sacrilege. Former 
priest Joseph Fletcher describes those who “feel that mastery drives out 
mystery, and that when we dig into nature’s secrets, so complicated and 
yet so simple, we lose our sense of awe and humility.”20 In 2000, the 
report of a two-and-a-half-year project conducted by the AAAS on the 
concerns raised by germ line genetic engineering concluded that “even 
if we have the technology to proceed, however, we would need to deter-
mine whether IGM [inheritable genetic modifi cation] would offer so-
ciety a socially, ethically, and theologically acceptable alternative to other 
technologies” (emphasis added).21 Transhumanists are dismayed, for 
example, by polls showing that 80 percent of Americans believe in mir-
acles, one-third claim they receive answers to their prayer requests at 
least once a month, half the people accept creationism, a majority say 
that angels and demons are active in the world, and one in fi ve Chris-
tians speaks or prays in tongues.22

Nonbelievers may be tempted to dismiss these religious concerns. 
Fletcher himself states, for example, that “the future is not to be sought 
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in the stars but in us, in human beings—because that is where our needs 
lie. There are no ‘acts of God’ anymore.”23 Robert Franceour wonders 
what makes opponents of evolutionary engineering so confi dent that 
they know God’s wishes. As far as he is concerned, “creation is our God-
given role, and our task is the ongoing creation of the yet unfi nished, 
still evolving nature of man.”24 While acknowledging that “playing God is 
playing with fi re,” Dworkin points out that “that is what we mortals have 
done since Prometheus, the patron saint of dangerous discovery. We play 
with fi re and take the consequences, because the alternative is cowardice 
in the face of the unknown.”25

It would be foolhardy, however, to disregard the political strength 
and determination of opponents of evolutionary engineering. In part 
owing to their pressure, the NIH currently will not fund any research 
projects involving intentional human germ line genetic modifi cation or 
human biomedical enhancement. During his two terms in offi ce, Pres-
ident George W. Bush hindered research on human embryonic stem 
cells and established a Council on Bioethics, headed during most of its 
tenure by Kass, who used it in large part to expound the views of the 
religious Right, including their opposition to directed human evolution.

A major battleground in the confl ict between science and the religious 
Right has been the public schools. In 1987, the U.S. Supreme Court held 
unconstitutional a Louisiana law requiring that public schools teach 
“creation science.”26 Fundamentalist Christians had devised creation sci-
ence in an attempt to use scientifi c evidence to refute the theory of evo-
lution, which they hoped would get around earlier rulings by the court 
that laws prohibiting the teaching of evolution were unconstitutional. 
The court was not fooled by creation science; a majority of the justices 
recognized that it was a religious wolf in science’s clothing. In a dissent, 
however, Justice Antonin Scalia claimed that there was “ample uncon-
tradicted testimony that ‘creation science’ is a body of scientifi c knowl-
edge rather than revealed belief ” and “infi nitely less” reason to hold that 
“scientifi c evidence for evolution is so conclusive that no one could be 
gullible enough to believe that there is any real scientifi c evidence to the 
contrary.”27 Taking heart from Scalia, members of the school board in 
Dover, Pennsylvania, notifi ed high school teachers in 2004 that hence-
forth they would be required to read a statement to their students de-
claring, among other things, that “because Darwin’s Theory is a theory, 
it continues to be tested as new evidence is discovered. The Theory is 
not a fact. Gaps in the Theory exist for which there is no evidence. A 
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theory is defi ned as a well-tested explanation that unifi es a broad range 
of  observations.”28

Since creation science had been declared a taboo subject in public 
schools, the fundamentalists also came up with a new approach they 
called “intelligent design,” described by them as a scientifi c theory that 
says that the natural world is too complex to be the product of natural 
evolution. To distinguish intelligent design from earlier attempts to in-
troduce creationist beliefs into public education, the intelligent design 
proponents claim that in contrast to creationism, which “typically starts 
with a religious text and tries to see how the fi ndings of science can be 
reconciled to it . . . , intelligent design starts with the empirical evidence 
of nature and seeks to ascertain what inferences can be drawn from that 
evidence.” Moreover, “unlike creationism, the scientifi c theory of intelli-
gent design does not claim that modern biology can identify whether the 
intelligent cause detected through science is supernatural.”29 The Dover 
School Board dutifully planned to require students to be instructed that 
“Intelligent Design is an explanation of the origin of life that differs 
from Darwin’s view” and that, as “with respect to any theory, students 
are encouraged to keep an open mind. The school leaves the discussion 
of the Origins of Life to individual students and their families.”30

The efforts of the intelligent design advocates and the Dover School 
Board to pretend that they were not trying to substitute religion for sci-
ence didn’t fool U.S. District Judge John E. Jones, who somewhat ironi-
cally is a Republican who was appointed to the federal bench by George 
W. Bush. In a suit brought against the school board by a number of 
parents, Judge Jones described the school board’s policy as “breathtak-
ing inanity” and struck it down as a violation of the First Amendment’s 
separation of church and state.31 (This earned him the opprobrium of, 
among others, conservative gadfl y Phyllis Schlafl y, who called him “bi-
ased” and “religiously bigoted,” adding, “Judge John E. Jones III could 
still be chairman of the Pennsylvania Liquor Control Board if millions 
of evangelical Christians had not pulled the lever for George W. Bush in 
2000. Yet this federal judge, who owes his position entirely to those vot-
ers and the president who appointed him, stuck the knife in the backs of 
those who brought him to the dance.”)32

The creationists have not given up, however. As recently as 2005, 
Florida, Kentucky, Mississippi, and Oklahoma did not mention evolu-
tion in their science curriculum standards, and laws challenging the 
teaching of evolution were pending or being proposed in 20 states, in-
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cluding Michigan and New York.33 And in 2008, the Louisiana legisla-
ture tried again, enacting the “Louisiana Science Education Act,” which 
ordered the state to “allow and assist” teachers “to create and foster an 
environment within public elementary and secondary schools that pro-
motes critical thinking skills, logical analysis, and open and objective 
discussion of scientifi c theories being studied including, but not limited 
to, evolution, the origins of life, global warming, and human cloning.”34 
Only three Louisiana legislators in the State House of Representatives 
voted against the bill; in the State Senate, the vote in favor was unani-
mous. An editorial in the Baton-Rouge Times-Picayune called the law 
“straight out of the Dark Ages.”35

Creationists and their allies can be counted on to oppose any use of 
genetic engineering that has evolutionary implications. But extreme 
forms of genetic engineering could be so repellant that people who or-
dinarily were receptive to scientifi c advances might be persuaded to join 
the creationists’ crusade. Reproductive technologies already are shock-
ing to much of the public. Look at pictures of pregnant transgender men 
such as Thomas Beatie and Scott Moore Biel. As Guy Trebay writes in 
an article in the New York Times entitled “He’s Pregnant. You’re Speech-
less,” Beatie is “partly a carnival sideshow and partly a glimpse at shifting 
sexual tectonics, and his image and story powered past traditional defi -
nitions of gender and exposed a realm that seemed more than passing 
strange to some observers.”36

In the course I teach on genetics and the law, the students read a 1998 
California case called In re Marriage of Buzzanca.37 Luanne and John 
Buzzanca fertilized a donor egg with a donor sperm and had a surrogate 
mother carry it to term for them. When the couple split up, the question 
arose of who the child’s legal parents were, since no one wanted to be 
responsible for paying child support. Owing to the manner of the child’s 
birth, the trial judge reached the bizarre conclusion that, from a legal 
standpoint, the child had no parents at all. (Fortunately for the child, 
the appellate court disagreed and declared Luanne and John to be her 
lawful parents.)

Now imagine the response if somebody jumped the gun and produced 
a human who was visibly odd looking, for example, a human-animal hy-
brid. Chapter 4 focused on the harm that children could suffer if parents 
modifi ed them in such disturbing ways. But the “yuck” reaction that this 
type of alteration might produce in others could provoke widespread 
hostility not only toward the children but toward genetic engineering 
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technologies and those who researched and provided them. There might 
even be violence against researchers, physicians, and parents and vio-
lent confrontations between pro- and anti-engineering forces. It is not 
hard to imagine anti-engineering groups launching a terrorist campaign 
similar to that waged by certain pro-life groups and individuals against 
abortion clinics and doctors. According to the National Abortion Fed-
eration, in the United States alone, pro-life forces have been responsible 
for 8 murders, 17 attempted murders, 4 kidnappings, 41 bombings, 175 
incidents of arson, 97 cases of attempted bombings or arson, 184 cases 
of assault and battery, 100 acid attacks, 661 anthrax threats, 416 death 
threats, and 1,429 incidents of vandalism.38

The violence against geneticists might come not only from religious 
extremists, moreover, but from radical environmentalists opposed to 
genetically modifi ed foods, or just plain sickos. Protesting technology, 
including genetic engineering, Ted Kaczynski, the so-called Unabomber, 
set off 16 bombs over 23 years, killing three people and seriously wound-
ing 23. In his manifesto Industrial Society and the Future, in which he 
explained the motivation for the bombings, Kaczynski gave the following 
description of what he thought of gene therapy:

Suppose for example that a cure for diabetes is discovered. People with 
a genetic tendency to diabetes will then be able to survive and repro-
duce as well as anyone else. Natural selection against genes for diabetes 
will cease and such genes will spread throughout the population. (This 
may be occurring to some extent already, since diabetes, while not 
curable, can be controlled through the use of insulin.) The same thing 
will happen with many other diseases susceptibility to which is affected 
by genetic degradation of the population [sic]. The only solution will 
be some sort of eugenics program or extensive genetic engineering of 
human beings, so that man in the future will no longer be a creation 
of nature, or of chance, or of God (depending on your religious or 
philosophical opinions), but a manufactured product. . . . If you think 
that big government interferes in your life too much now, just wait till 
the government starts regulating the genetic constitution of your chil-
dren. Such regulation will inevitably follow the introduction of genetic 
engineering of human beings, because the consequences of unregulated 
genetic engineering would be disastrous.39

A coalition of Christian conservatives and radical Neo-Luddites could 
seriously disrupt scientifi c progress in general and advances in genetic 
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engineering in particular. They might gain suffi cient political power to 
require scientists to pass an ideological litmus test in order to receive 
government research funding or to be allowed to teach at public uni-
versities. They might hold antiscience witch hunts like the Inquisition’s 
censure and punishment of Galileo for his heliocentric views. Liberals 
and scientists would push back. Things could get ugly.

But evolutionary engineering could do more than merely create war-
ring social classes and ideological factions. It could create separate human 
subspecies. It is well known that people tend to mate with people who are 
like themselves,40 a phenomenon known as “positive assortative mating” 
or “homogamy.” Although we previously identifi ed a number of reasons 
why the bulk of society, unable to afford genetic engineering or reject-
ing it on ethical or religious grounds, might ostracize a smaller number 
of genetically engineered children, it is just as likely that the genobility 
would refuse to interact socially with those whom they felt were their 
inferiors and, in particular, would decline to reproduce with them.

Evolutionary researcher Oliver Curry created somewhat of a stir when 
he forecast such a future in a 2006 essay for the British television chan-
nel Bravo. Curry claims that the essay was supposed to be “a ‘science 
fi ction’ way of illustrating some aspects of evolutionary theory,”41 but it 
was picked up by the British press and portrayed as scientifi c predic-
tion. Curry’s essay envisioned that by 3000, humans will have attained 
“the peak of human enhancement.” They will live until they are 120 
and display features that are constantly and universally found attrac-
tive. Women will have “a 0.7 waste-to-hip ratio, lighter-than average 
skin colour, smooth hairless skin, glossy hair, symmetry, large clear eyes, 
low testosterone (e.g., small chin), [and] pert breasts,” while males will 
have “a 0.9 waste-to-hip ratio, [be] taller-than-average [a reference to 
the improbable demographics of Lake Wobegon?], [display] symme-
try, cues of high testosterone (for example, square jaw, deep voice, big-
ger penis), and athleticism.” Curry’s vision of future males led Britain’s 
largest selling newspaper, the Sun, to carry the story of his report under 
the headline “Good News. All Men Will Have Big Willies. Bad News. It 
Won’t Happen till Year 3000.”42

Curry’s timeline didn’t stop at the year 3000. By the year 100,000, he 
imagined that mating between “extreme” individuals would create such 
genetic, social, and economic inequality that “the circles in which the 
genetic elites move become ever more exclusive, until they lose contact 
altogether with the rest of society, and come to constitute their own ‘ce-
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lebrity’ gene pool.” This will give rise to two human subspecies: “People 
with the best genes will have chosen to mate with each other, leaving 
the rest to mate amongst themselves.” Borrowing names paleontolo-
gists use to describe two different types of prehuman Australopithecines, 
Curry calls the descendants of the genetic upper class “gracile” (mean-
ing graceful) and the offspring of the lower class “robust.” Eventually, he 
says, they will come to resemble the “elfi n” Eloi and “brutish” Morlocks of 
H. G. Wells’s The Time Machine: “The genetic ‘haves’ will tend to be tall, 
thin, symmetrical, clean, healthy, intelligent and creative. The genetic 
‘have nots’ will be short, stocky, asymmetrical, grubby, unhealthy and 
less intelligent.” True, Curry is describing things 100,000 years down the 
road and H. G. Wells’s time traveler doesn’t encounter the Eloi and Mor-
locks until the year 802,701, but with advances in genetic engineering 
and a society increasingly polarized between rich and poor, who can say 
whether the creation of dominant and subordinated human subspecies 
would actually take that long.

If the separation between engineered and nonengineered humans 
became great enough, the result could even be the creation of entirely 
separate humanoid species. The process by which one species succeeds 
another is complicated. A “daughter” species can split off (called “specia-
tion”) and survive while the parent species becomes extinct, or a species 
can change over time to such an extent that it forms a new  species (called 
“anagenesis” or “phyletic evolution”). In either case, a widely accepted 
defi ning characteristic of a species that reproduces sexually is that its 
members can only breed with each other and not with other species. 
Thus, separate species are said to be “reproductively isolated,” or as bi-
ologist H. Allen Orr explains, “they have genetically based traits pre-
venting them from exchanging genes.”43 If Neanderthals were a separate 
species from Homo sapiens sapiens, for example, then the two species 
would not have been able to interbreed; if they could interbreed, then 
they were merely different subspecies of the same species. In order for 
evolutionary engineering to create a new human species, then, some-
thing has to happen to make its members incapable of reproducing with 
members of the old.

In traditional evolution, the impetus for speciation often has been geo-
graphic isolation. The classic example is the fi nches that Charles Darwin 
discovered on the Galapagos Islands when he visited them during his fa-
mous voyage on the Beagle. The beaks of birds on different islands were so 
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unlike that Darwin mistakenly thought that they belonged not just to dif-
ferent species but to different families (a broader biological classifi cation). 
Only after he returned to England did he determine that the distance 
between the islands had merely led the birds to form separate species.

Geographic isolation is largely a thing of the past for modern humans. 
Ernst Mayr asserts that the probability that we will break up into several 
species is “none at all” and points out that “humans occupy all the con-
ceivable niches from the Arctic to the tropics that a humanlike animal 
might occupy. Furthermore, there is no geographic isolation between 
any of the human populations.”44 Technological advances such as ships 
and airplanes have enabled humans to overcome any physical barriers 
to interbreeding, and people increasingly are on the move. The United 
Nations estimates that there are now 214 million migrants worldwide, 
up almost 40 percent from 1990.45 Currently one-quarter of Americans 
under 18 are immigrants or the children of immigrants. The mobility of 
our species is so great that evolutionary biologists have largely rejected 
the notion that natural evolution would be able to produce more than 
one terrestrial human species, and paleontologist Peter Ward believes 
that geographic isolation will only resume operation when we begin to 
colonize other planets: “As long as humans are restricted to the surface 
of the earth, such an event seems unlikely.”46

Natural evolutionary forces may be incapable of creating a new 
human species because of geographic isolation, but what about the 
unnatural evolution that would result from genetic engineering? Greg-
ory Stock thinks that the lack of geographic barriers will prevent new 
species from forming even with evolutionary engineering. “Reproduc-
tive isolation is central to speciation,” he observes, and “such isolation 
is unlikely to occur in future human subpopulations.” Even space travel 
may not change this, he argues: “Not only will our offspring remain in 
close physical proximity, unless and until humans migrate out into the 
vast seas of space, but genomics and advanced reproductive technologies 
are breaching the barriers to genetic exchange even among different 
species. . . . If scientists in Oregon can already give a jellyfi sh gene to a 
primate, surely we will continue to be able to exchange genes with one 
another.”47 Transhumanist Nick Bostrom agrees that speciation is un-
likely: “The assumption that inheritable genetic modifi cations or other 
human enhancement technologies would lead to two distinct and sepa-
rate species should also be questioned. It seems much more likely that 
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there would be a continuum of differently modifi ed or enhanced indi-
viduals, which would overlap with the continuum of as-yet unenhanced 
humans.”48

But geographic isolation isn’t the only reason that groups stop inter-
breeding. Another is “mechanical isolation,” a fancy way of saying that 
a male’s round peg won’t fi t into a female’s square hole. What would 
lead parents to engineer their children so that their sexual organs were 
compa tible only with other, similarly engineered individuals? Surpris-
ingly perhaps, transhumanists don’t pay much attention to the sexual 
behavior or equipment of future humans beyond suggesting that gender 
and sexual preference will become blurrier and sex toys will morph into 
sex partners. Science fi ction also is strikingly unimaginative about the 
evolution of the human sexual apparatus. Theodore Sturgeon envisioned 
societies of androgynous hermaphrodites in his 1960 novel Venus Plus 
X, while Storm Constantine’s 1991 novel Hermetech features a charac-
ter who has been altered surgically, but not genetically, to have multiple 
sexual orifi ces. A lot of future scenarios rather depressingly forecast that 
sex and sexual reproduction will disappear altogether, for instance, Mi-
chel Houellebecq’s The Possibility of an Island, where they have been 
replaced by cloning.

Oliver Curry, who wrote the essay for Bravo television mentioned ear-
lier in this chapter, is one of the few futurists who predicts a change in 
sexual equipment, namely, the enlargement of the penis. Penis size and 
prominence play an important role in human evolutionary theory. An-
thropologist Nancy M. Tanner, for example, believes that large penises 
were selected for when humans began to walk upright, which made the 
organs more visible to females, particularly, Tanner adds, when the or-
gans themselves were “upright.”49 (Her fellow anthropologist Dean Falk 
calls this the “fl asher” theory, which also accounts, he says, for the de-
velopment of large breasts in females.)50 If Curry is right, could penises 
become so enlarged that female vaginas would have to be reengineered 
to accommodate them? If so, then this could be a suffi cient hindrance 
to reproduction between modifi ed and unmodifi ed individuals that they 
might be able to evolve into different species.

If future humans were engineered to be smarter, moreover, the size of 
their heads could increase. The previous chapter, which mentioned this 
as a potentially lethal complication of childbirth for genetically modifi ed 
infants and their mothers, conceded that the risk might be reduced by 
engineering females to have wider pelvises. But then only these women 
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would be able to bear these fat-headed children without serious risk. This 
would separate them reproductively from other child bearers, which over 
time could lead them and their mates to also form a separate species.

The most likely way that a new human species would emerge, how-
ever, would be through a third type of reproductive isolation: behavioral. 
Different species display differences in behavior, such as distinctive mat-
ing rituals, that identify males and females of the same species to one 
another. For example, Dutch ornithologist A. C. Perdeck identifi ed dif-
ferences in the notes of the courtship “songs” of two species of grasshop-
per that lived in the same habitats, and he demonstrated by the birth 
of hybrids in the laboratory that they were physically capable of inter-
breeding.51 Mating rituals certainly play a role in maintaining ethnic sep-
aration among humans; a delightful fi lm portrayal is in the Godfather, 
when Al Pacino’s character Michael Corleone, hiding out in Sicily, has to 
abandon his brusque American style and adopt traditional Sicilian man-
ners in order to obtain permission from a father to court his daughter.

But the behaviors that produce behavioral isolation are not limited to 
courtship rituals. They include deliberate decisions to refrain from mat-
ing with certain types of individuals. In the case of genetically engineered 
people, behavioral reproductive isolation could occur because they were 
ostracized by the rest of society like the Sleepless in Beggars in Spain, or 
it could be self-imposed in order to maintain their privileged status in 
the same way that aristocracies preserve themselves by refraining from 
intermarriage with commoners, like the Optimen in Heinlein’s The Eyes 
of Heisenberg. Thus, Gregory Stock’s claim that genetic engineering will 
enable humans to overcome even the geographic impediments to mating 
imposed by space travel overlooks the very real possibility that genetic 
haves simply may not want to breed with have-nots, or that “normal” 
people may not want to reproduce with those whom they regard as ge-
netic freaks. Peter Ward describes just such a scenario:

Some parents allow their unborn children to be genetically altered to 
enhance their intelligence, looks, and longevity. Let’s assume that these 
children are as smart as they are long-lived—they have IQs of 150, and 
a maximum age of 150 as well. Unlike us, these new humans can breed 
for eighty years or more. Thus they have more children—and because 
they are both smart and live a long time, they accumulate wealth in 
ways different from us. Very quickly there will be pressure on these new 
humans to breed with others of their kind. Just as quickly, they will be-
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come behavioral outcasts. With some sort of presumably self-imposed 
geographic or social segregation, genetic drift might occur and, given 
enough time, might allow the differentiation of these forms into a new 
human species.52

This brings us to an important point. From the standpoint of evolu-
tion, there is nothing wrong with the creation of a new human species. 
Evolution is all about species disappearing and new species appearing. 
Modern humans, for example, are descended from a long line of  species 
that no longer exist. As the next chapter shows, the exact trajectory of 
human evolution is still a matter of intense debate, but there is general 
agreement that before (and possibly alongside) Homo sapiens there were 
a number of other species of the genus Homo, preceded by species be-
longing to other hominin genera, which followed other hominid species, 
which in turn descended from other primate species. Of this long line of 
species, only one, Homo sapiens, is still around.

In fact, the transhumanist vision of a future in which evolutionary 
engineering creates a more advanced species of Homo, or, for that mat-
ter, a species belonging to an entirely new hominid genus, is perfectly 
consistent with the succession of species in the past. Over the course 
of the human journey, when one species disappeared, another took its 
place and carried ancestral genetic material onward. There was once a 
hominid species called Homo ergaster, for example. The last member of 
this species died out some 1.5 million years ago, but it gave rise to other 
species that eventually became Homo sapiens. In short, so long as there 
is a successor species that carries on the human lineage, there should be 
no cause for alarm.

Fair enough, but what if more than one of the diverging human spe-
cies were to exist at the same time? Were evolutionary engineering to 
create a new human species, let’s call it “changed human” or Homo mu-
tatus, then there would likely be a period during which the members 
of the new species lived at the same time as Homo sapiens. During this 
period, how well would they get along? Previously we discussed the so-
cial and psychological harm that genetically engineered children might 
suffer if they appeared different than their peers or parents, as well as the 
stress on social and political institutions if more and less genetically ad-
vanced populations or subspecies vied for political power and scarce so-
cietal resources. But what would the social, psychological, and political 
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consequences be if the two groups stopped mating together long enough 
to actually form two separate species?

It may come as a surprise to many that there have been multiple 
human species in existence simultaneously during the recent past, in-
deed, on the scale of evolutionary history, virtually in our own time. 
Only 50,000 years ago, when modern humans inhabited northeast Af-
rica, members of an ancestral human species, Homo erectus, could still 
be found in Asia.53 And as recently as 18,000 years ago, a stone-tool- 
making, fi re-wielding human species called Homo fl oresiensis, dubbed 
“hobbits” because of their diminutive size, occupied an island off the 
coast of Indonesia and produced their cultural achievements despite hav-
ing the brain size of a chimpanzee.54 It is not certain whether the hob-
bits, as the dig workers dubbed these doll-like humans, had a chance to 
encounter modern humans before they became extinct, and not much 
more is known about the fate of the Homo erectus population in Asia. 
But we know that there was one other type of human some 30,000 to 
50,000 years ago that did come into contact with a different type of 
human, and not long afterward, it disappeared. Why? What happened 
to the Neanderthals?

The short answer is that no one knows, and making sense of the avail-
able evidence turns out to be one of the great puzzles in modern science. 
Until May 2010, in fact, many experts thought that the Neanderthals 
were an entirely separate species from Homo sapiens. But then a group 
of researchers sequenced the Neanderthal genome and, when they com-
pared it to DNA from modern-day humans, found that between 1 and 4 
percent of modern human DNA came from the Neanderthals.55 Among 
other things, this showed that Neanderthals had mated successfully with 
Homo sapiens, which means that, according to the generally accepted 
defi nition of a species, they were members of the same one, just in a 
different subspecies. (So since modern humans are Homo sapiens sapi-
ens, Neanderthals should now be called Homo sapiens neanderthalensis, 
rather than Homo neanderthalensis.)

When most people think of Neanderthals, the image that comes to 
mind is likely to be the classic “caveman,” similar to the creatures that 
Jean Auel called “the Clan” in The Clan of the Cave Bear and her other 
novels. This popular conception has fueled the common belief that the 
Neanderthals became extinct because they were inferior to and could 
not compete successfully with the smarter and more skillful modern 
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humans. Noting the absence of domestic artifacts like cooking utensils 
and the heartiness of female bones, for example, anthropologists Steven 
Kuhn and Mary Stiner think that Neanderthals died out because both 
women and men hunted for large game, whereas modern humans had 
developed a more effi cient division of labor between males and females, 
with the males hunting and the females taking care of the crops and kids 
at home.56 Stanford professor Richard Klein similarly argues that mod-
ern humans had more advanced language skills and cognitive abilities 
that enabled them to be better adapted to their environment.57

Yet it is now generally agreed that Neanderthals were not stupid; in 
fact, their brains were larger than those of the modern humans who en-
tered their territory, including ours.58 Moreover, it is hard to accept the 
notion that modern humans, having come from the more tropical cli-
mate of Africa as most experts believe, would have been better suited 
to the harsher conditions they found in Europe than the indigenous 
Neanderthal population that had been living there for 200,000 years. 
Critics of the inferiority theory also insist that Neanderthals had an ad-
vanced culture, based on excavations of what appear to be ritualistic Ne-
anderthal burial sites and the modern-looking objects that were found 
in them.59 But supporters of the inferiority theory are not convinced. 
Thomas Wynn and Frederick Coolidge at the University of Colorado 
argue that brain shape is more important than brain size, and that the 
shape of modern human brains made them smarter.60 As for the burial 
sites and artifacts, some experts claim that what look like ritualistic Ne-
anderthal burials were merely efforts to conceal their dead so that they 
wouldn’t attract dangerous predators to their settlements, and that ei-
ther the artifacts found at the burial sites are not really modern look-
ing or the Neanderthals obtained them by trade or theft from their true 
makers, the modern humans who lived nearby.61

So why did the Neanderthals disappear? Another theory is that they 
succumbed to sudden climate change,62 but critics dispute that there 
were any signifi cant climate shifts at the time.63 Some experts think that 
the Neanderthals may have died of diseases that they caught from mod-
ern humans, like the infections brought by Europeans that devastated 
Native Americans, while others think that the Neanderthals became can-
nibals and infected themselves with spongiform illnesses similar to the 
ones that humans can catch from diseased cows. Still other theories pro-
pose that cave living exposed the Neanderthals to smoke and other toxic 
chemicals that rendered them sterile.64 And the recent discovery that 



Broader Consequences for Society  109

Neanderthals and modern humans reproduced with each other provides 
support for yet one more theory, that the Neanderthals simply interbred 
themselves out of existence. In other words, they mated often enough 
with modern humans that their genome was eventually absorbed and 
submerged, leaving one subspecies, still labeled modern humans, but 
containing DNA in its gene pool from its Neanderthal cousins.

But there is one more possibility that cannot be ruled out. Rather 
than interacting and reproducing harmoniously with the Neanderthals, 
modern humans may have killed them off. This certainly represents a 
common interaction between different cultures throughout human his-
tory. After studying the DNA and behavior of the different groups of 
tribal hunter-gatherers that still exist today, for instance, Spanish molec-
ular biologist Eduardo Moreno claims that the modern humans whom 
the Neanderthals encountered were especially violent and warlike.65 In 
2009, he created a stir when he announced that he had found a Nean-
derthal jawbone amid the bones of modern humans and that the jaw-
bone bore marks on it showing that it had been butchered in the same 
manner that Stone Age humans cut up deer carcasses.66 According to 
Moreno, this proved that the modern humans were cannibals and that 
the Neanderthals vanished because they were eaten.

If the Neanderthals became extinct because they were hunted down 
and exterminated by the modern humans who invaded their habitats, 
to say nothing of being consumed as food, this does not bode well for 
a future in which normal and genetically modifi ed humans sought to 
share the same planet, particularly if, as no longer appears to be the case 
with the Neanderthals, the humans of the future diverged into com-
pletely different species rather than just into different subspecies.67 In an 
article he wrote in 2000 entitled “The Man on the Moon, Immortality, 
and other Millennial Myths: The Prospects and Perils of Human Genetic 
Engineering,” George Annas predicted just such a fate: “Ultimately, it 
almost seems inevitable that genetic engineering would move Homo sa-
piens to develop into two separable species: the standard-issue human 
beings would become like the ‘savages’ of the pre-Columbian Americas, 
and be seen by the new, genetically-enhanced neo-humans as heathens 
who can properly be slaughtered and subjugated.”68 And although, as we 
saw earlier, the famed evolutionary biologist Ernst Mayr believed that 
the chances of humans breaking up into more than one species were nil, 
he acknowledged that, if this were to happen, it wouldn’t be pretty, since 
according to the evolutionary principle of “competitive exclusion,” mul-
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tiple human species would not be able to coexist if they required similar 
things to survive, lived near each other, and one was superior.69

The creation of competing engineered and nonengineered humans 
doesn’t faze Oxford transhumanist Nick Bostrom. “Human society,” he 
says, “is always at risk of some group deciding to view another group of 
humans as fi t for slavery or slaughter. To counteract such tendencies, 
modern societies have created laws and institutions, and endowed them 
with powers of enforcement, that act to prevent groups of citizens from 
enslaving or slaughtering one another.” Nor does Bostrom think that the 
situation would get out of control if one group was better adapted from 
an evolutionary standpoint than the other: “The effi cacy of these [soci-
etal] institutions does not depend on all citizens having equal capaci-
ties. Modern, peaceful societies can have large numbers of people with 
diminished physical or mental capacities along with many other people 
who may be exceptionally physically strong or healthy or intellectually 
talented in various ways. Adding people with technologically enhanced 
capacities to this already broad distribution of ability would not need to 
rip society apart or trigger genocide or enslavement.”70

But even assuming that Bostrom is correct about the prospects for 
peaceful cohabitation between members of the same species who were 
normal and who were genetically enhanced, which, given the present 
state of the world, may well be doubted, this doesn’t say that two dif-
ferent humanoid species could survive in each others’ presence. At the 
very least, the extinction of the Neanderthals must give proponents of 
evolutionary engineering pause. Moreover, the technology at the time 
of modern humans and Neanderthals was primitive. Think what might 
happen if two warring species went at each other with weapons of mass 
destruction. The replacement of Homo sapiens by Homo mutatus might 
not be problematic, at least from an evolutionary standpoint, but what 
if confl ict between them destroyed both species? For that matter, what if 
aggressive genetic engineering did not result in the creation of a new 
human species, but instead caused the extinction of the human evolu-
tionary lineage, the entire line of human descent?

When a lineage disappears, as opposed merely to a species, the entire 
genetic load that it has carried since the beginning of life becomes ex-
tinct. This is obviously undesirable from the point of view of the genes, 
and therefore it would stand to reason that humans would be geneti-
cally hardwired to regard the loss of their lineage as a catastrophe to be 
avoided at all costs. But the complete destruction of the human lineage 
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means more than just the loss of a vehicle to transport genes effi ciently 
from one generation to the next. It would seem to confi rm Richard 
Dawkins’s bleak words at the beginning of the book, that “the universe 
that we observe has precisely the properties we should expect if there is, 
at bottom, no design, no purpose, no evil, no good, nothing but pitiless 
indifference.”71 The end of our lineage would make our existence point-
less, unless you are content with the notion that cultural progress, ac-
cumulated human knowledge, and all that we, our ancestors, and our 
descendants had labored to create could be transferrable to some other 
form of life, perhaps an intelligent tomato or the machine life that Ray 
Kurzweil predicts will take over from us in his 2005 book The Singular-
ity Is Near. Otherwise, the annihilation of the human lineage would be, 
to say the least, a shame. As Jonathan Glover puts it, we must not “let the 
‘conversation of mankind’ fade out.”72

Indeed, it can be argued that it is precisely how discouraging the loss 
of our lineage seems to us that truly separates humans from other ani-
mals. Within the animal world, it is possible to fi nd some manifesta-
tion of every aspect of human culture, albeit at a much less sophisticated 
level—every aspect, that is, except one: no other animal appears to care 
where its species is headed. In the end, perhaps this determination to 
safeguard the future of our lineage is what makes humans unique, the 
elusive endowment that Frances Fukuyama calls Factor X.

How then do we safeguard the future of humanity? Let us look more 
closely at what aspects of evolutionary engineering might threaten our 
lineage.



chapter six

The End of the Human Lineage

Should society be reduced to a division between genetic haves and 
have-nots, the human species, along with other life on the planet, 

could be completely eliminated. Not all of the reasons that a lineage 
can fail are potential effects of evolutionary engineering. Lineages, like 
species, can die out because they lose their habitat.1 If the places where 
humans can live became uninhabitable, then humans would disappear 
unless they were able to evolve very quickly and adapt to the new envi-
ronment. Another cause of extinction that is not directly related to ge-
netic engineering is genetic drift, where the genetic characteristics of an 
evolutionary line change randomly over time in such a way that the line 
cannot survive when its environment changes. Sudden, catastrophic en-
vironmental change is a third and perhaps most familiar type of extinc-
tion event, from the destruction of habitat or from other sources, such as 
a major disruption of the food chain.

Other harm that might threaten the continuation of the lineage can 
be caused by evolutionary engineering. As the experience with geneti-
cally modifi ed animals and plants demonstrates, harm to future gen-
erations may occur in ways that may be hard to foresee. The experience 
with the hormone diethylstilbestrol (DES), albeit not involving inten-
tional genetic engineering, serves as an example in humans. Between 
1938 and 1971, doctors prescribed DES to many pregnant women to 
prevent miscarriages and premature labor. It was known that the drug 
gave the women a modest increased risk of breast cancer, but what was 
not anticipated was that their daughters, upon reaching puberty, would 
have a marked risk for clear cell adenocarcinoma, a rare form of cervical 
cancer.2 A serious side effect, in other words, had skipped a generation. 
Although the mechanism that causes this cancer is not certain, there is 
speculation that it is epigenetic, that is, that DES adversely affects the fe-
male reproductive tract during fetal development by disrupting the reg-
ulatory regions of DNA.3 If the unforeseen consequences of intentional 
evolutionary engineering were suffi ciently dire, and if they affected a large 
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enough number of people, the harm could extend beyond individuals to 
imperil whole populations, entire generations, or even the human lin-
eage itself. The Council for Responsible Genetics warns that “inserting 
new segments of DNA into the germ line could have major, unpredict-
able consequences for both the individual and the future of the species” 
(emphasis added),4 in other words, threatening not just the current ver-
sion of humans but our future embodiment.

Even if genetic engineering did not actually make future persons ill, 
it could place them at a biological disadvantage in the face of abrupt 
shifts in the environment. For example, parents might opt for darker 
children with lots of melanin in their skin cells to protect them against 
solar radiation that a depleted ozone layer would allow to penetrate the 
atmosphere. But a large-scale volcanic eruption could block out enough 
sunlight that lighter-skinned people proved better able to survive, since 
lighter skin enables the body to manufacture more vitamin D from less 
sunlight. A defi ciency in natural vitamin D might not be a serious prob-
lem if people could make do with a synthetic version, but not all ge-
netic changes might be able to cope so easily with sudden environmental 
changes.

A major concern, for example, is excessive genetic homogenization. 
A species with a diverse gene pool, where lots of individuals have lots 
of differences in their DNA, is more likely to survive an unexpected en-
vironmental threat than a species that shares more of the same genetic 
variations, since there is a greater chance that some of its members will 
possess a genetic makeup that affords them protection. Environmental 
challenges may stem from planetary phenomena or may be extraterres-
trial. Recall Michael Crichton’s Andromeda Strain, in which a microbe 
brought back to earth from space was deadly to all but those who had an 
abnormal pH level in their blood. If for some reason genetic engineering 
made everyone’s pH level normal, no one would be able to survive the in-
fection. Crichton’s novel was science fi ction, but in 2003, the prestigious 
British medical journal the Lancet published a letter from a group of 
British and Indian scientists proposing that both the 1918-19 infl uenza 
virus, which killed 50 million people worldwide, and the SARS virus, 
which in 2003 killed almost 800 people and provoked public hysteria 
throughout Asia, came from outer space.5

Excessive genetic homogenization has already caused catastrophes in 
agriculture. Wheat is susceptible to a fungus called stem rust. U.S. grow-
ers plant wheat that has been bred to be genetically resistant to the com-
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mon types of the fungus, but this leaves them open to infection by rarer 
types. In the early 1950s, this vulnerability caused the destruction of as 
much as half of the wheat crop in some states.6 In 1970 a fungus blight 
attacked the American corn crop. What happened is complicated, so 
bear with me. Among major crops, corn is unusual: its plants have sepa-
rate male parts, the tassles, which contain pollen, and female parts, the 
ears, which contain the seeds, in the form of incipient kernels. In order 
for the kernels to form completely, they must be pollinated. Left alone, 
a corn plant will pollinate itself. But since the 1930s, farmers have been 
aware that hybrid corn, that is, corn that is a blend of the genes of dif-
ferent strains, is healthier and yields a bigger crop. To produce hybrid 
corn in the past, farmers had to expose the seeds to pollen from different 
strains, which meant preventing the plant from fertilizing itself. This in 
turn required them to remove the male tassels from the plant, a labori-
ous process only part of which could be accomplished by machine. In 
the mid-1960s, a strain of corn was discovered that was sterile, that is, 
producing no pollen, so it could be hybridized without being detasseled. 
By 1970, 85 percent of the corn grown in the United States contained 
genes from this sterile corn. So far, so good. But it turned out that this 
sterile corn was especially susceptible to a type of fungus called Southern 
corn leaf blight. In 1970, blight destroyed an estimated 15 percent of the 
entire U.S. corn crop; in some places, the loss was 100 percent. The les-
son was clear. In the words of one plant pathologist, “never again should 
a major cultivated species be molded into such uniformity that it is so 
universally vulnerable to attack by a pathogen, an insect, or environmen-
tal stress.”7

By far the most well-known disaster attributable to genetic unifor-
mity is the Irish potato famine of 1849. Potatoes came to Ireland in the 
sixteenth century, and by the nineteenth century, Irish peasants de-
pended on them as their primary source of food and livelihood. As 
Catharina Japikse writes, “potatoes provided good nutrition, so diseases 
like scurvy and pellagra were uncommon. They were easy to grow, re-
quiring a minimum of labor, training, and technology—a spade was the 
only tool needed. Storage was simple; the tubers were kept in pits in the 
ground and dug up as needed. Also, potatoes produce more calories per 
acre than any other crop that would grow in northern Europe. This was 
important to the Irish poor, who owned little, if any, of their own land. 
Often, a whole family could live for a year on just one acre’s worth.”8 In 
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the words of historian Cecil Woodham-Smith, potatoes were “the most 
universal of foods. Pigs, cattle and fowls could be reared on it, using the 
tubers which were too small for everyday use; it was simple to cook; it 
produced fi ne children; as a diet, it did not pall.”9 Potatoes enabled the 
population in Ireland to burgeon. But in 1845, a mold called Phytoph-
thora infestans made its way to Ireland and, aided by moist weather 
conditions, attacked the potato crop. The 1845 harvest was substantially 
affected; in 1846 and 1848, the crop failure was total. Estimates vary, but 
as many as 1.5 million people are believed to have died of starvation and 
related diseases in the ensuing famine. A major reason why the blight 
was so devastating was that the tenant farmers, who only had small plots 
of land for their own use, had planted only one variety of potato, the 
“lumper,” which, although not the best tasting, gave the highest yield per 
acre. When the blight struck, there were no resistant varieties.

Bananas are a food staple for an estimated half billion people in Asia 
and Africa. Wild bananas have large, hard seeds, but long ago, sterile, 
mutant versions were discovered that have small seeds, making them 
better for cooking and eating. Virtually all cultivated bananas are de-
rived from these mutants, leading one science writer to describe the ba-
nana as “a freakish, doped-up, mutant clone which hasn’t had sex for 
thousands of years.”10 Since these bananas are sterile, farmers propagate 
them by replanting their shoots. Until the 1950s, the dominant variety 
of banana was the Gros Michel, but it was killed off by a fungus called 
Panama disease. Instead of replacing it with a genetically diverse group 
of banana varieties, some of which might be resistant to future diseases, 
planters took the more profi table route and once again planted a single 
variety, the Cavendish. It now takes massive amounts of pesticides to 
keep a new fungal disease, called Black Sigatoka, at bay, and a new ver-
sion of Panama disease has appeared that is not vulnerable to the pes-
ticides that are now in use. Plant scientists are frantically searching for 
natural varieties of the banana that carry resistance to these diseases, 
but for the most part, what they have found has a different fl avor and 
texture that may make them unacceptable to consumers. Ironically, the 
survival of the banana may lie in genetic engineering to make it resistant 
to fungal diseases, but this may signifi cantly depress sales because of the 
widespread opposition to genetically modifi ed foods.

Despite these historical lessons, crop diversity continues to decrease. 
Over the years, humans have relied on an estimated 7,000 plant species, 
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yet only about 150 plant species are now cultivated, and most humans 
live off of no more than a dozen. Over 95 percent of the peas grown in the 
United States, for example, come from just nine varieties.11

The vulnerability of genetically homogenous crops raises the question 
of how serious a threat would a major loss of diversity in our own gene 
pool be to survival of the human species. In part, the answer can be de-
rived from simple mathematics. If enough individuals were engineered 
with suffi ciently similar genetic endowments, diversity would be lost. So 
how likely is it that parents would all make the same decisions about 
what modifi cations to install in their children? Chapter 4 laid out some 
reasons why this might occur, namely, the degree to which parents are 
infl uenced by cultural biases and by the behavior and preferences of so-
cial elites. If parents saw other parents installing the same genetic traits 
in their offspring, particularly in families that they envied or admired, 
they might feel pressure to do the same.

Another impetus for parents to make similar decisions would be the 
infl uence of the physicians and geneticists who performed the genetic 
engineering. The professional groups to which they belong constantly 
issue recommendations for how they should practice. For example, the 
American Society for Reproductive Medicine issues guidelines for what 
genetic testing donors should undergo in order to make sure their eggs 
and sperm are free from genetic disorders;12 the American Academy of 
Pediatrics has policies on what conditions newborns should be screened 
for;13 the American Society of Human Genetics, American College of Medi-
cal Genetics, and the American Medical Association (AMA) give rules for ge-
netic testing for children and adolescents;14 and the AMA tells its mem-
bers how to perform gene therapy15 and under what circumstances it 
would be unethical to use genetic engineering to enhance human traits.16

Conceivably, groups like this might come out with guidelines about 
what specifi c modifi cations should and should not be made, and physi-
cians and geneticists would face strong pressure to conform to associa-
tion policies. In 1994, when the fi rst gene associated with a major risk for 
breast cancer was discovered and could be detected in a person’s DNA, 
an NIH advisory committee declared that it was premature for clinicians 
to offer the test to their patients outside the context of a research study.17 
But the members of the advisory committee were genetic researchers, 
and their recommendation did not sit well with the American Society 
of Clinical Oncology (ASCO), whose members treat cancer patients. Ac-
cordingly, ASCO issued its own recommendation that the test “should 
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be made available to selected patients as part of the preventive oncologic 
care of families.”18 Unlike the NIH pronouncement, the ASCO recom-
mendation had teeth: not only might a failure to follow the recommen-
dation be used as evidence of malpractice, but clinicians who failed to 
offer the test to their patients might be found to have violated the soci-
ety’s policies, which could lead to their being expelled from membership, 
which in turn could threaten their professional licenses and their posi-
tions on hospital and clinic staffs.

Marketing efforts by technology manufacturers and suppliers also 
will affect decisions about evolutionary engineering. The pharmaceuti-
cal industry spends more than $50 billion a year to promote its drug 
products,19 and additional money is spent by other industries related to 
genetic engineering. Much of this effort is directed at health care pro-
fessionals, but ever since the FDA relaxed its marketing rules in 1995, 
corporations have been aiming TV ads at consumers. Between 1996 and 
2005, their expenditures on direct-to-consumer ads for prescription 
drugs alone increased by over 300 percent.20 Added to this is the so-
called technological imperative, the desire by health care professionals 
to employ the latest technological advances.21 These factors may encour-
age genetics professionals to recommend similar choices to parents and 
motivate parents to request similar modifi cations for their offspring.

Another reason that many parents can be expected to make the same 
genetic choices is that they will want to provide their offspring with the 
most benefi cial modifi cations, and there is bound to be a considerable 
degree of consensus on which ones were likely to lead to personal hap-
piness and social success. Furthermore, there may not be many alterna-
tives to choose from, since genetic engineering will be perfected gradu-
ally, and it will take time for a large number of safe and effective genetic 
changes to become available. Moreover, corporate developers can be ex-
pected to focus on the most lucrative genetic manipulations. At the out-
set, then, parents faced with a limited number of alternatives may opt for 
the same packages.

Parents also may face strong external pressures to select specifi c mod-
ifi cations. The state of the domestic economy may color their choices 
as they try to anticipate future growth sectors and equip their offspring 
with abilities that will translate into marketable skills. Employers and 
even entire industries hoping to create ideal future workforces may try 
to infl uence parental decision making through the media and by helping 
to pay for the modifi cations that they think will prove profi table, espe-
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cially where there is a tradition of children pursuing the same careers 
as their parents. Parents are likely to be especially eager to secure favor-
able educational opportunities for their children. Elite educational in-
stitutions may declare what traits they are looking for in students, much 
as they now reveal the average GPAs and entrance examination scores 
of the students they accept, and parents might try to anticipate these 
educational preferences and install them in their children. You may re-
call the scandal involving investment analyst Jack Grubman. Accord-
ing to a complaint by the Securities and Exchange Commission, in 1999 
Grubman wanted to enroll his children in the 92 Street Y, a prestigious 
Manhattan private school. When Sanford Weil, the CEO of Citigroup 
and a member of the board of directors of AT&T, asked Grubman to 
consider upgrading his assessment of AT&T’s fi nancial prospects, Grub-
man sought a quid pro quo. Weil wrote a recommendation letter for 
Grubman’s children to the 92 Street Y, Grubman’s children were admit-
ted, he upgraded his assessment of AT&T, and Citigroup pledged a $1 
million gift to the school.22 (The Securities and Exchange Commission 
later fi ned Grubman and permanently barred him from the securities 
industry.) It doesn’t seem far-fetched to imagine Grubman and others 
like him buying certain engineered talents for their children to improve 
their chances of being admitted to select schools and colleges.

Society may even come to regard certain genetic modifi cations as 
indicative of good parenting. Recall from chapter 4 Julian Savulescu’s 
“Principle of Procreative Benefi cence.”23 Parents could face social cen-
sure if they refused to select the most desirable embryos from the collec-
tion that had been fertilized in vitro, if they rejected an opportunity to 
genetically engineer their children, or if they installed odd or unpopular 
traits. In some communities, such as those with strong religious beliefs, 
the pressure to conform to group norms regarding genetics may be ir-
resistible. As mentioned in the introduction, an example is the ultra-
Orthodox Hassidic Jewish community of New York, where marriages 
are still arranged by matchmakers and require the permission of the 
chief rabbi. To stamp out Tay-Sachs, a recessive, fatal genetic disease 
that strikes infants, a program called Chevra Dor Yeshorim (“Associa-
tion of an Upright Generation”) screens adolescents for the Tay-Sachs 
mutation. Before a marriage can take place, the matchmaker calls the 
program with the identifi cation numbers of the bride and groom, the 
program checks their test results, and if they both carry the gene for 
Tay-Sachs and therefore are at risk of conceiving a child with the dis-
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order, the information is relayed back to the matchmaker and the rabbi 
and the marriage plans are scrapped. While Chevra Dor Yeshorim only 
involves genetic testing and mate selection, groups with similar authori-
tarian structures may embrace evolutionary engineering, and in those 
communities, communal attitudes may virtually dictate parental deci-
sions. Later we will discuss the challenges created by one type of group, 
transhumanist cults.
i
A crucial question regarding evolutionary engineering is the role of 

government. The previous chapter mentioned the possibility that oppo-
nents of evolutionary engineering would attempt to ban it by law, but 
there are many reasons why the government instead someday might en-
courage or even require parents to modify their children in certain ways. 
The government might attempt to justify its directives as a public health 
measure. The heads of several science and policy programs at the AAAS, 
for example, have declared that we owe it to our descendants to make 
genetic changes that are predicted to improve their lives, such as eradi-
cating disease genes.24

Another reason the government might encourage genetic engineering 
is global competition. James Cameron, who runs the Institute for Global 
Futures, is convinced that enhancing human traits will be absolutely es-
sential in order to enable the United States to compete successfully in 
the global economy, particularly against countries that employ genetic 
engineering to enhance their workforces.

One country that springs to mind is China. The Chinese government 
has quite a track record of controlling its citizens’ reproductive decision 
making based on genetic factors. In 1994, it passed a law requiring every 
couple to undergo a premarital medical examination. If the exam reveals 
a “genetic disease of a serious nature which is considered to be inappro-
priate for child bearing from a medical point of view,” the couple may 
marry only if they agree to take measures to avoid having children, such 
as use of long-term contraceptives or sterilization. Moreover, termina-
tion of pregnancy “must be advised” when prenatal genetic testing shows 
that a fetus has a “defect of a serious nature” or a “genetic disease of a 
serious nature.”25 China even has intentionally bred gifted athletes. As 
correspondent Brook Larmer writes in his book Operation Yao Ming, 
“when Chinese athletes reach the end of their playing days, they are 
never truly released from their obligation to the state. Until recently the 
sports system automatically absorbed most retired athletes as coaches or 
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administrators, who passed on their knowledge to the next generation. If 
they happened to be extraordinarily tall or talented, they were expected 
to pass along something even more fundamental: their genes.”26 Hence, 
when tall female basketball player Da Fang was allowed to retire, a mar-
riage was arranged between her and another player, Yao Zhiyuan, who 
was 6 feet 8 inches tall, and as planned, they gave birth to a giant, who 
was named Yao Ming. When Yao Ming was eight, Chinese sports offi cials 
enrolled him in a basketball training academy. Eventually, he and his 
parents moved to the United States, where he now plays for the Hous-
ton Rockets. The type of evolutionary engineering that the Chinese em-
ployed in producing Yao Ming was old-fashioned selective breeding, but 
his story is a harbinger of how China might view more advanced forms 
of genetic engineering as they become available.

Another area of government interest in genetic engineering is likely 
to be in connection with the military. In 2001, the Committee on Oppor-
tunities in Biotechnology for Future Army Applications of the Board on 
Army Science and Technology at the National Research Council issued a 
report calling for the U.S. Army to “lead the way in laying ground-work 
for the open, disciplined use of genomic data to enhance soldiers’ health 
and improve their performance on the battlefi eld.”27 In 2002, a report by 
the Department of Defense Information Assurance and Analysis Center 
observed that “because genomics [sic] information offers clues to im-
proving human performance it could provide the Army with means of 
increasing combat effectiveness.”28 Most recently, in December 2010, the 
JASONs, a group of scientifi c advisors to the military, issued a report 
entitled “The $100 Genome: Implications for the DoD” that outlined 
an ambitious plan to employ genomic technologies to “enhance medi-
cal status and improve treatment outcomes,” enhance “health, readiness, 
and performance of military personnel,” and “know the genetic identi-
ties of an adversary.”29 The U.S. military is reported to now be spending 
$100 million a year on research designed to counteract sleep deprivation 
alone,30 along with many other programs aimed at enhancing soldier 
performance. So far as is known, the U.S. government is not yet employ-
ing genetic engineering, but if the technology improves, that day may 
not be far off. It also is diffi cult to imagine that the government’s interest 
in enhancing performance would lead it to engage in germ line genetic 
engineering, for example, attempting to create children who would make 
ideal warriors as adults. In families with long traditions of military ser-
vice, however, parents might be interested in installing traits that were 
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conducive to a successful military career, and it is not that far-fetched to 
think that the government might encourage this practice, perhaps even 
subsidizing it.

Whether the government should play a role in parental decisions 
about what sorts of children to have, and if so, what that role should be, 
turns out to be one of most highly charged issues raised by evolutionary 
engineering, for the government intervened in this realm once before, 
and the result was one of the more horrifi c chapters of American, and 
ultimately world, history: the eugenics movement. The term “eugenics” 
was coined in 1883 by an Englishman named Frances Galton, who de-
fi ned it as “the science which deals with all infl uences that improve the 
inborn qualities of a race; also with those that develop them to the ut-
most advantage.”31 The movement Galton started found its way across 
the Atlantic, where it received substantial fi nancial support from leading 
citizens, including the Harriman, Carnegie, and Rockefeller families. By 
1931, after the U.S. Supreme Court had endorsed eugenic sterilization 
in the case Buck v. Bell, twenty-eight states had enacted laws permitting 
criminals and the mentally unfi t to be involuntary sterilized so that their 
“inferior” genes would not be passed on to future generations. Approxi-
mately 3,000 of these operations were reported to have been performed 
each year prior to World War II, and many more took place that were 
not reported.

The American eugenics movement exerted a major infl uence on 
Adolph Hitler, who heard about it in jail in 1924 when he was writing 
Mein Kampf, and the fi rst law passed after he came to power in 1933 
was a sterilization provision modeled on the Virginia statute that the 
U.S. Supreme Court had upheld in the Buck case. Hitler’s original idea 
was to sterilize inferior populations to make them gradually disappear, 
but when the Germans ran out of hospital beds for wounded soldiers at 
the start of World War II, Hitler ordered mental patients to be killed by 
lethal injection in order to free up their beds. Ultimately, the Nazi eugen-
ics program became the Holocaust.

In addition to promoting involuntary sterilization to curb the spread 
of “bad” genes, the eugenics movement also endeavored to encourage the 
birth of children with “good” genes. Church sermons promoting mar-
riages between genetically superior persons were given awards by the 
American Eugenics Society. Families in the 1920s toured “Fitter Fami-
lies Exhibits” at state fairs and entered themselves in “Perfect Baby Com-
petitions.” Students with good genes won “Goodly Heritage” medals. The 
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Nazis embraced positive eugenics as well, embodied in their “Lebens-
born” program, in which Aryan women were mated with SS soldiers and 
their offspring raised in special foster families.

The Holocaust naturally dampened enthusiasm for eugenics, but the 
movement was not eliminated altogether. States continued to sterilize 
people without their consent: 186 women in North Carolina between 
1948 and 1955; 574 in Georgia, North Carolina, and Virginia in 1954; 
and 104 inmates, 102 of whom were African Americans, at a single 
South Carolina institution between 1949 and 1960. Nor were the United 
States and Germany the only countries with eugenics programs. Sweden 
sterilized 60,000 people between 1935 and 1976. The victims, mainly 
women, were labeled as genetically or racially “inferior” and were typi-
cally poor, learning disabled, or non-Nordic. One of the major justifi ca-
tions for the Swedish sterilization program was that it would reduce the 
cost of the Swedish welfare state by reducing the number of people who 
would have to be supported. One woman is reported to have been steril-
ized because she could not master her confi rmation studies well enough 
to satisfy her priest. Another who was sterilized after she was judged to 
be mentally slow as a child because she could not read the blackboard 
later turned out to merely need eyeglasses.32 In 1999, the Swedish gov-
ernment agreed to pay $20,780 to each surviving person who had been 
sterilized.

Eugenics is now said to be a thing of the past. “Once favored by both 
the left and the right,” transhumanist Nick Bostrom assures us, “the last 
century’s government-sponsored coercive eugenics programs . . . have 
been thoroughly discredited.”33 According to the authors of the philo-
sophical text From Chance to Choice: Genetics and Justice, the eugen-
ics movement “is largely remembered for its shoddy science, the blatant 
race and class biases of many of its leading advocates, and its cruel pro-
gram of segregation and, later, sterilization of hundreds of thousands 
of vulnerable people who were judged to have substandard genes.”34 It 
therefore might seem unthinkable that the U.S. government would em-
bark on another eugenics effort in which it sought to dictate parental de-
cisions about how to genetically engineer their children. “Because people 
are likely to differ profoundly in their attitudes towards human enhance-
ment technologies,” says Bostrom, “it is crucial that no one solution be 
imposed on everyone from above but that individuals get to consult their 
own consciences as to what is right for themselves and their families.”35

But is eugenics really dead? In a book chapter I recently wrote en-
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titled “Modern Eugenics and the Law,” I described a large number of 
government programs that are consistent with eugenic objectives.36 Sev-
eral government initiatives, for example, discourage “undesirables” from 
having children. California, Georgia, Florida, and Montana have laws 
that mandate castration for repeat male child molesters; although the 
ostensible purpose of these enactments is to prevent child molestation 
by reducing the offenders’ sex drive, it also prevents them from repro-
ducing. Stopping poor people from having children was one of the main 
objectives of twentieth-century eugenicists, prompting Margaret Sanger 
to found Planned Parenthood; today, the government spends more than 
$1 billion a year on family planning programs that provide contracep-
tives and sterilizations to the poor. Another government policy that dis-
courages the poor from having children are the “family caps” in 24 state 
welfare programs, which halt increases in welfare payments to poor fam-
ilies once they exceed a certain size. On the “positive eugenics” side, child 
tax credits encourage better-off families to have more children, since the 
poor don’t pay income taxes, and the more children the taxpayer family 
has, the larger the number of credits that it gets to claim. State fairs also 
have recently resurfaced in connection with genetics; at the Minnesota 
State Fair in the summer of 2010, researchers from the University of 
Minnesota collected DNA from children for research purposes.37

The government program that most closely resembles eugenics, how-
ever, is newborn screening. The program began in the 1960s after physi-
cian Robert Guthrie developed a test for PKU, a metabolic disorder that 
can be managed effectively if it is detected immediately after birth and 
the child’s diet avoids foods containing the amino acid phenylalanine, 
including meat, chicken, fi sh, eggs, nuts, and dairy products. As soon 
as he developed the PKU test, Guthrie began urging state public health 
offi cials to use it to test newborns. By 1973, newborn screening was com-
pulsory in 43 states; now it is compulsory in all. Most of the conditions 
tested for, like PKU, affect children and are treatable, and the screening 
programs are justifi ed on the basis that they identify children who will 
benefi t from early treatment.

But the development of faster and cheaper testing methods has led to 
calls for expanding the screening programs to identify diseases for which 
there are no highly effective remedies, as well as those that only manifest 
symptoms in adulthood. Proponents argue that this could spare families 
years of uncertainty once symptoms emerged, alert them to be on the 
watch for new medical discoveries to treat affected children, increase 
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children’s access to medical care that might alleviate, if not cure, their 
conditions, and facilitate enrolling children in studies researching their 
disorders. None of these rationales raise eugenics issues, but unlim-
ited genetic screening also is defended on the basis that it can provide 
“knowledge on which to base reproductive decision-making years before 
a disease would be diagnosed for the affected child.”38 In short, children 
should be genetically tested so that their parents can avoid having an-
other child with a genetic disorder, and this should be mandated by the 
government. (In 2005, the Nebraska Supreme Court ruled against par-
ents who tried to block public health offi cials from testing their newborn 
because it offended the parents’ religious beliefs. In ordering the child 
to be screened over the parents’ religious objections, the court cited the 
need to address “the potential social burdens created by children who are 
not identifi ed and treated.”) A mandatory government program aimed at 
preventing the births of children with disabilities doesn’t simply bear a 
resemblance to eugenics; it is eugenics.

In addition, if the government can require genetic screening in order 
to discourage parents from passing defective genes on to their offspring, 
it may go further and encourage parents to eradicate those genes by 
modifying their children’s DNA directly. This could have a signifi cant 
impact on the genetic makeup of future generations, including causing 
a loss of genetic diversity if too many children’s genes were engineered 
in the same way.

But the government is in a position to affect parental decisions about 
genetic engineering in others ways besides mandating newborn screen-
ing and offering tax advantages to parents who follow the government’s 
recommended modifi cation regime. The government also maintains sig-
nifi cant control over the introduction of new medical technologies. With 
very few exceptions, the FDA must approve a new drug, medical device, 
or “biologic” before it is marketed, and the agency has used this authority 
to regulate the use of gene therapy. To obtain FDA approval, the manu-
facturer or “sponsor” must demonstrate that the technology is safe and 
effi cacious, and human experiments may not take place without the agen-
cy’s permission. Therefore, the options legally available to parents will be 
limited to those that the FDA has found to meet its statutory standards.

The weasel word, of course, is “legally.” Assuming that the FDA now 
has or in the future is given jurisdiction over human genetic engineer-
ing, a genetic modifi cation that was not approved by the FDA would be 
illegal. But as noted earlier, parents might attempt to get around that 
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by obtaining the technology on the domestic black market or in other 
countries. Moreover, once the FDA approves something for one purpose, 
it is legal for a doctor to give it to patients for another purpose, a practice 
called “off-label use.” Since the basic methods for engineering health-
promoting changes in children’s DNA such as IVF and tinkering with 
embryonic DNA are likely to be the same ones that would be used to 
genetically enhance them, physicians’ off-label authority hampers the 
government’s ability to prevent genetic engineering from being used for 
nonmedical purposes. Suppose that, as some critics of evolutionary en-
gineering have recommended, parents were left free to use genetic engi-
neering to eliminate harmful genes from their children’s DNA, but they 
were not allowed to use the technology to enhance their children, that 
is, to install traits or abilities that made children better than normal, at 
least not unless it was to improve their health (to rule out things like 
vaccinations, which give people a better than normal ability to fi ght off 
disease). If the FDA approved a genetic technique for health purposes, 
under the law as it now stands, the FDA would not be able to prevent li-
censed physicians from using the technique for enhancement purposes. 
The only way to stop it from being employed for enhancement would be 
to make it illegal altogether, including using it to treat disease, and such 
a draconian step is likely to be politically unacceptable, especially if the 
technique was highly effective and the disease in question was serious or 
life threatening.

Yet while black markets, genetic tourism, and off-label use may com-
plicate its efforts, one way or another the government is bound to try 
to restrict parental freedom to design their children to their own taste. 
Some types of genetic engineering may not meet FDA safety and effi -
cacy standards, especially when they are fi rst developed. Parents may 
adhere to the FDA’s rules because they are law abiding, or because they 
are worried about the safety record of black marketers or foreign provid-
ers. Much of the risk associated with the use of performance-enhancing 
drugs by athletes, for example, may be due to their need to rely on il-
licit sources. If it felt it necessary, Congress could make it unlawful for 
doctors to use genetic engineering for off-label purposes. Finally, oppo-
nents of evolutionary engineering may succeed in making some types 
off- limits, such as mixing animal and human DNA.
i
In terms of the effect of evolutionary engineering on the genetic di-

versity of the species, the question is how much all of these factors—
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pressures to conform, similarity of parental objectives, and government 
restrictions—would shape the human gene pool. Clearly, the more alike 
parents acted in altering their offspring, the less diverse the gene pool 
would be. But biologist Jon Gordon thinks that the natural process of 
random genetic mutation will continue to produce suffi cient genetic 
diversity to protect the species against sudden environmental changes. 
Any loss of diversity resulting from intentional engineering, he argues, 
“would be swamped by the random attempts of Mother Nature.”39 The 
late political philosopher Robert Nozick even called for a “genetic super-
market” in which parents who wished to engineer their offspring could 
make individual selections similar to buying groceries. “This supermar-
ket system,” he said, “has the great virtue that it involves no centralized 
decision fi xing the future human type(s).”40 There are additional reasons 
to be optimistic that a suffi cient amount of diversity can be maintained. 
Although the exact fi gure is not yet known, it is believed that there is 
considerable genetic variation between individuals, perhaps as much as 
between humans and their nearest primate relatives, chimpanzees.41 It 
would take a great deal of copycat genetic engineering to signifi cantly re-
duce this variation. Moreover, human populations differ widely in their 
cultural attitudes and resources, so that if some groups became geneti-
cally homogeneous, others might not, either because they didn’t want 
to or because they couldn’t afford to, and evolutionary biologists point 
out that, so long as the engineered and natural populations interbreed, a 
substantial amount of diversity will persist.

Despite these reasons for optimism, however, there are still reasons to 
fear that too much genetic diversity will be lost. Philosopher Jonathan 
Glover warns that, by letting parents select the characteristics of their 
children, Nozick’s genetic supermarket could end up reducing rather 
than increasing genetic diversity. “The infl uence of fashion or of shared 
values,” Glover warns, “might make for a small number of types on which 
choices would converge.”42 Furthermore, new genetic tests are being 
marketed every day, and they are costing less and less. In June 2010, one 
company announced that it would decode a person’s entire genome for 
$14,500;43 the NIH is committed to lowering the cost to $1,000 as soon 
as possible.44 A recent report on the future use of genetic technologies by 
the military anticipates “the $100 genome.”45 As the price drops, more 
parents will be able to afford genetic testing for embryos and fetuses, 
and fewer children will be born with genetic differences that cause ge-
netic disorders. As genetic engineering is perfected, parents will have 
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additional ways to produce offspring with similar sets of optimal genes. 
Even if only a few portions of DNA were altered by many parents in 
the same way, these may turn out to be regions that code for traits that 
signifi cantly increase the survival and reproductive success of their off-
spring. Moreover, we saw earlier that one gene may perform many func-
tions, called pleiotropy. If the areas of DNA that parents altered were 
highly pleiotropic, this could have an unexpectedly large effect on how 
well suited their children were to their environments. Evolutionary bi-
ologists worry, in fact, that even a small number of changes in pleiotropic 
genes could have dramatic effects on the human species.46

The more that the human species resembles a genetic “monoculture,” 
the less it would be able to adapt to changes in the environment. This 
may not be a serious problem if environmental changes take place grad-
ually enough, since the same tools of genetic engineering that reduced 
genetic diversity might be able to restore it, or at least to equip people 
with the adaptations they needed to survive. If too many people proved 
susceptible to a new pathogen, for example, resistance to that pathogen 
could be installed genetically. Researchers already are constructing bio-
banks that will store large amounts of human, animal, and plant DNA 
samples, such as the “Frozen Ark” project in Great Britain, which focuses 
on storing genetic material from animals threatened with extinction.47 
Even if living organisms lost their genetic diversity, it could be restored 
using DNA from these repositories. The prospect of harm from genetic 
engineering therefore doesn’t worry Jonathan Glover too much. It’s not 
as if we’re making irrevocable choices for all time, he points out.

But if the new environmental challenges occurred suddenly and dra-
matically, there might not be time for enough individuals to adapt even 
at the accelerated pace made possible by genetic engineering. Lengthy 
experimentation may be needed to identify the genetic modifi cations 
that are required for survival and to learn how to make them success-
fully. Bear in mind that, as former UCLA geophysics professor Didier 
Sornette points out, the term “environment change” covers a broad 
range of potential cataclysms, ranging from “large natural catastrophes, 
such as volcanic eruptions, hurricanes and tornadoes, landslides, ava-
lanches, lightning strikes, catastrophic events of environmental degra-
dation, to the failure of engineering structures, social unrest leading to 
large-scale strikes and upheaval, economic drawdowns on national and 
global scales, regional power blackouts, traffi c gridlock, diseases and epi-
demics, etc.”48 At present, it is virtually impossible to predict with any 
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accuracy when these types of catastrophes will occur. According to the 
U.S. Geological Survey, for example, “currently no organization or gov-
ernment or scientist is capable of successfully predicting the time and 
occurrence of an earthquake.”49 When asked if the fi eld of predicting vol-
canic eruptions was “well on its way to becoming an exact science” or 
“still in its infancy,” one volcanologist replied, “Well, when it works, it’s 
well on its way. When we have a spectacular failure, it’s in its infancy.”50 
If economic forecasting is so accurate, how is it that the economy lost 
$500 billion in real gross domestic product between 2008 and 2009?51 
Without enough of an advanced warning, even sophisticated techniques 
for genetic engineering may be unable to save the human lineage.

Finally, even a genetically diverse population can be threatened by 
cumulative, deleterious changes in its collective DNA. One pessimist, for 
example, is biologist John B. Fagan. He warns that “the inevitable slip 
of the genetic scalpel by even the best-intentioned scientist will bring 
harm not only to one person, but to all subsequent offspring,” and adds 
that “scientists acknowledge that these mistakes are unavoidable. There-
fore, if applied widely, germline engineering will progressively corrupt 
the blueprint of our species with genetic errors. These will irreversibly 
burden future generations with new genetic diseases, causing millions 
to suffer. Such manufacturing defects cannot be recalled.”52 Eventually 
a tipping point could be reached at which the species embodying the 
lineage became so weakened and disease ridden that it was incapable of 
survival.

In addition to a loss of genetic diversity and cumulative, inborn ge-
netic errors that make a lineage vulnerable to a sudden environmen-
tal insult, other conditions are potentially lethal to it. One is extremely 
large body size. Large animals require more resources to sustain their 
metabolisms, so they are more vulnerable to breaks in their food chain. 
They also tend to reproduce less often.53 Since being a taller human con-
fers social benefi ts, chapter 4 raised the possibility that parents might 
genetically engineer taller offspring, but it is unlikely that they would 
want to create giants. If for some reason they did, and if the practice was 
common, then the resulting humans might become more vulnerable to 
extinction.

A more likely threat to the lineage is reproductive failure, the failure to 
reproduce in such a way that the lineage can perpetuate itself. This could 
happen for several reasons. Humans could slow their rate of reproduc-
tion voluntarily, bearing fewer children during their lifetimes, perhaps 
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in response to shrinking economies. Europe is already seeing declines 
in population. At the current rate, by the mid-twenty-fi rst century the 
Ukraine will have lost half its population, and birthrates are similarly 
shrinking in the Czech Republic, Italy, Poland, Russia, China, and parts 
of Germany, as well as in much of the Arab world.54 (At the same time, 
however, birthrates are increasing dramatically in Sub-Saharan Africa.) 
In evolutionary jargon, a low birthrate is called a “slow life history,” and 
lineages with a slower life history are at a greater risk of extinction be-
cause there are fewer opportunities for genetic change to produce in-
dividuals better adapted to variations in the changing environments. 
Some studies in fact show that a slow life history is a better predictor 
than size for which species became extinct during the large-scale die-off 
in the Late Pleistocene epoch, when “megafauna” such as mastodons, 
cave bears, and saber-toothed tigers disappeared.55 In addition to de-
liberate actions to reduce family size, humans might become less fertile 
because of inadvertent changes produced by evolutionary engineering. 
Nicholas Wade, for example, speculates that birthrates may decline be-
cause parents opt for children with lighter skin color in sunny climates 
such as Africa, where the additional ultraviolet radiation would decrease 
fertility by reducing the body’s production of folic acid.56 (Wade claims 
that lighter skin makes evolutionary sense in northern places since it 
enables more vitamin D to be obtained from scarcer sunlight.) Evolu-
tionary engineering also could inadvertently disrupt the complex genetic 
interactions that are required for reproduction.

Another danger to the survival of the lineage is gender imbalance. A 
signifi cant lack of males or females could slow the birthrate and decrease 
genetic diversity by reducing the number of reproductive cells available 
for fertilization from the underrepresented sex. Moreover, competition 
for a scarce number of mates may have adverse health effects. A recent 
study of almost 8 million men over 50 years found that large imbalances 
decrease the life span of the overrepresented gender by 3 months at age 
65. This may not seem like much, but it is comparable to the increase 
in life span that older people enjoy if they make all of the behavioral 
changes that are commonly recommended for increasing longevity.57

Gender imbalance already is widespread in Asia, where ultrasound 
and other techniques have allowed parents to identify the sex of their 
fetuses and abort the gender that is undesirable. The aborted fetuses 
are invariably female. In rural China, for example, sons are preferred 
because they are believed to make better farm workers, provide fi nancial 
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support to elderly parents, preserve the family name, and, in the past at 
least, bear the responsibility for the worship of ancestors.58 This bias has 
ancient roots; a 3,000-year-old Chinese poem reads,

When a son is born,
Let him sleep on the bed,
Clothe him with fi ne clothes,
And give him jade to play with;
When a daughter is born,
Let her sleep on the ground,
Wrap her in common wrappings,
And give broken tiles for playthings.59

The Chinese government calculates that 118 boys are being born for 
every 100 girls. Journalist and author Martin Walker says that millions 
of Chinese males, whom the Chinese call “bare branches,” may never fi nd 
a mate,60 and he cites a study stating that almost 90 million females may 
be “missing” in Asia as a consequence.61 Indians prefer male children 
for the additional reasons that sons protect the family while daughters 
must be protected, and that sons add to the family’s wealth while daugh-
ters decrease it because the family must provide their dowries.62 As one 
Indian woman is reported to have said, “Better to pay $38 for an abor-
tion now than $3800 for a dowry later on.”63 The United Arab Emirates 
has the greatest imbalance: 205 males for every 100 females64 (due, no 
doubt, to the infl ux of male foreign workers). In the United States, a sur-
vey found that half of fertility clinics that test embryos before implanta-
tion reported that they permit parents to select the sex of their child.65 
Law professor Lori Andrews calls this “gynecide.”66

So if potential harm to children and societal disruption aren’t enough 
to make us want to halt the march toward evolutionary engineering, 
its potential to bring about the demise of the human lineage certainly 
seems like it should be suffi cient. As the saying goes, and as opponents 
of evolutionary engineering might point out, don’t fool with Mother Na-
ture. The best way to ensure the survival of our species, they might say, is 
to let evolution proceed the old-fashioned way, at its own pace.

There is one problem with that argument, however: does natural evo-
lution actually work so well? As the great evolutionary biologist Ernst 
Mayr points out, if natural evolution is so good at enabling species to 
adapt to their environments, how come 99.9 percent or more of all evo-
lutionary lines are extinct? Mayr gives a host of reasons why natural evo-
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lution does such a poor job of assuring evolutionary success: gene pools 
contain only so much genetic variation; individual organisms have a lim-
ited amount of genetic and nongenetic fl exibility with which to respond 
to changes in the environment; natural selection doesn’t operate once 
an organism is too old to reproduce; evolution does not eliminate all 
physical defi ciencies, such as those that are due to “phyletic” constraints, 
which are the product of the genetics that govern early development 
(Mayr gives the example of the proximity in humans of the trachea and 
the esophagus, which permits choking on foods and liquids); and fi nally, 
one must account for chance events, such as environmental surprises 
and the random exchange of genetic material during reproductive cell 
division.67

The precariousness of group survival under natural evolutionary con-
ditions, moreover, is a major motivation for transhumanism. “We should 
not engage in biology worship,” declares Julian Savulescu. “Our biology 
is not sacrosanct. We should change it to make our lives longer and bet-
ter.”68 James Watson, who along with colleague Francis Crick discovered 
the structure of DNA in 1953, puts it more acerbically: “I just can’t indi-
cate how silly I think [the sanctity of the human gene pool] is. I mean, 
sure, we have great respect for the human species. We like each other. 
We’d like to be better, and we take great pleasure in great achievements 
by other people. But evolution can be just damn cruel, and to say that 
we’ve got a perfect genome and there’s some sanctity to it . . . [is] utter 
silliness.”69

So perhaps the real question is not whether evolutionary engineering 
poses a threat to the preservation of the human lineage, but whether 
it poses a greater threat to the lineage than natural evolution. But this 
question assumes that we have a good grasp of the workings of natural 
evolution. As the foregoing discussion suggests, we have some notions 
about what sorts of conditions create threats to the survival of a species 
or lineage. But how well do we really understand natural evolution?



chapter seven

Evolution by Nature or by 
Human Design?

L  eon Kass, an outspoken opponent of genetic engineering, once 
    summed up his aversion to evolutionary engineering with the fol-

lowing observation: “Though well-equipped, we know not who we are or 
where we are going.”1 Kass’s aphorisms often sacrifi ce clarity for grandil-
oquence, but it is usually worth the effort to fi gure out what he is getting 
at. What are we ignorant of? Well, for starters, despite 150 years since 
Darwin, there is still a lot we don’t know about the process of evolution.

Our ignorance of the details does not mean that the basic concept of 
evolution is in doubt. It is not a confi rmation of the beliefs of the cre-
ationists, although the lines between religion and science are blurred by 
the many evolutionary scientists—from the Jesuit paleontologist Teil-
hard de Chardin to Frances Collins, the current head of the NIH—who 
believe that evolution is one of God’s instruments. Regardless of their 
belief systems, however, scientists have not been able to fi ll in many of 
the chapters of the human evolutionary record, and where they have 
tried, the pages are almost illegible as a result of cross-outs and erasures, 
passionate and often rude scrawls of rejection and rebuttal, and wording 
blurred by tears of frustration. This has profound implications for evolu-
tionary engineering: If we do not have a good understanding of our evo-
lutionary past, how can we predict our evolutionary future? If we cannot 
clearly mark the evolutionary path that brought us to what we are today, 
how can we avoid straying into evolutionary peril tomorrow? And with-
out greater knowledge of the process of natural evolution, how can any 
side in the debate—transhumanists, evolutionary biologists, conservative 
skeptics, or creationists—say with any confi dence that evolutionary en-
gineering poses a greater threat to the preservation of the human lineage 
than allowing a more natural approach to evolution take its course?

The uncertainties about our evolutionary past may come as a sur-
prise to you. Walk through any museum of natural history and every-
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thing seems wonderfully straightforward: A mixture of chemicals and 
solar energy produced life in the seas, some fi sh eventually crawled up 
on land, dinosaurs gave way to mammals, humans gained the brains and 
technologies to rule the roost, and all this operated according to settled 
and well-understood principles and processes. But it turns out that we 
know far less about the clearly labeled bones and artifacts in those mu-
seum cases, the parade of progressively advanced skeletons, the diora-
mas of prehistoric animals, and “early human life on the savannah” than 
you might think.

There is even debate about the basic operation of evolution. Scien-
tists generally agree that it involves four processes: random mutation, 
natural selection, gene fl ow, and genetic drift. Random mutation refers 
to radiation and other external insults, as well as cell division, that cause 
mutations in DNA. By occasionally producing differences in certain 
organisms that make them more likely than others to reproduce suc-
cessfully under changing environmental conditions, random mutation 
gives rise to the second process, which Darwin called “natural selection.” 
Organisms also sometimes reproduce more successfully owing to DNA 
that they acquire by interbreeding with other populations, a process 
called “gene fl ow.” Finally, there is “genetic drift,” where genetic differ-
ences from one generation to the next occur randomly during the act of 
reproduction.

But once past this basic framework, the uncertainty begins. Which 
of these processes is most important? Darwin and the naturalists who 
followed his lead emphasized natural selection. To them, virtually every 
change in an organism was subject to its operation. In Darwin’s case, this 
is understandable, since he had little awareness of the tiny packages of 
inherited information called genes and therefore would have had trouble 
grasping that they could change over time as a result of the operation 
of other forces. (There is a disagreement about whether Darwin knew 
about the work of Gregor Mendel, the Austrian monk who was Darwin’s 
contemporary and who fi rst perceived the operation of the process of 
genetic inheritance in pea plants.)

By the early twentieth century, researchers had discovered pairs of 
structures within reproductive cells that separated and split when the 
cells divided, calling them “chromosomes”—a term meaning “colored 
things”—because the researchers stained them with dyes in order to 
make them visible under a microscope. Other scientists soon fi gured out 
that the units responsible for Mendel’s patterns of inheritance were ele-
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ments of the chromosomes, and they gave them the name “genes,” a term 
a Danish botanist had derived from “pangenesis,” which Darwin had 
used to describe the mechanism of heredity. By the late 1940s, Darwin’s 
and Mendel’s insights had been woven together into an amalgamation 
called “the modern synthesis,” a term originated by Julian Huxley, who, 
it will be recalled, also came up with “transhumanism.”

But the modern synthesis didn’t settle the question of whether natural 
selection was the predominant factor producing evolutionary change. 
Some evolutionary scientists argued that it couldn’t be because most 
random genetic mutations, the grist for natural selection’s evolutionary 
mill, have no positive effect on an organism’s reproductive success. In 
their opinion, the primary evolutionary process had to be genetic drift, 
the random process of genetic change over time. By the late 1980s, the 
drift argument seemed to be winning out, despite the inconvenient 
problem that it could not actually be proven, since, as the authors of 
a classic biology text observe, “to do this it would be necessary to show 
that selection has defi nitely not operated, which is impossible.”2 More 
recently, however, the defenders of natural selection have rallied, and, as 
in Darwin’s time, they appear once again to enjoy the upper hand.3

The disagreement about natural selection versus genetic drift spills 
over into a number of other disputes. What is the fundamental unit of 
evolution? Darwin thought it was the individual organism, which natu-
ral selection makes more or less reproductively successful. A British zo-
ologist with the unusual name of Vero Copner Wynne-Edwards argued 
that the basic evolutionary unit was groups of organisms. The American 
biologist George Williams insisted that it was the gene, and he gained a 
powerful ally in Richard Dawkins, author of the book The Selfi sh Gene.4 
Many scientists now accept that there is no single unit of evolution, and 
that its processes operate on genes and groups as well as on organisms, 
but others are not convinced.

One of the brickbats that the gene-versus-organism-versus-group 
combatants hurl at one another is their competing views on the abrupt-
ness of evolution. The original evolutionary researchers based their the-
ories on the available physical evidence, which were fossils. The fossil 
record shows plenty of evolutionary change, but it appears to take place 
suddenly, even explosively: here’s a skeleton of a fi sh with fi ns, there’s 
one with legs. But this doesn’t make sense in terms of how the forces of 
evolution are supposed to operate. Random mutation, natural selection, 
gene fl ow, and genetic drift ought to make the pace of evolution gradual, 
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even glacial, rather than explosive. As Ernst Mayr observes, this slow 
pace would be expected because, absent a dramatic change in the envi-
ronment, the existing forms of life would have become highly adapted; 
therefore, there would be no reason for evolutionary leaps. “Owing to 
the hundreds or thousands of generations that have undergone preced-
ing selection,” explains Mayr, “a natural population will be close to the 
optimal genotype. . . . [U]nless there has been a major change in the en-
vironment, the optimal phenotype is most likely that of the immediately 
preceding generations. All the mutations of which this genotype is ca-
pable and that could lead to an improvement of this standard phenotype 
have already been incorporated in previous generations.”5 But then what 
about those fossils? Well, maybe the fossils simply can’t capture change 
that slow. But what prevents them from doing so?

The mystery deepens with our growing knowledge of human genetics. 
Abrupt evolutionary shifts could occur if DNA mutated quickly enough 
to produce monumental changes in an organism. Molecular geneticists 
can now measure how fast DNA mutates by examining the physical evi-
dence, which once again are the fossils, some of which contain suffi cient 
amounts of ancient but still readable DNA to be analyzed. The geneti-
cists’ calculations show that the rate of random change in DNA over time 
is far too slow to produce the explosive bursts of evolutionary change 
refl ected in the fossil record.

But if both the theory of evolution and the DNA evidence show that 
evolutionary change is slow, why isn’t this evident in the fossils them-
selves, rather than just in their DNA? Enter the creationists. This is not 
an enigma, they explain, but a miracle, evidence, if not conclusive proof, 
that God exists.

Population geneticists disagree with the foregoing interpretation of 
fossil DNA. You can’t just look at the physical DNA evidence, they argue. 
You have to understand how evolution occurs in large, interbreeding 
populations. At this level, evolution takes place not so much abruptly as 
sporadically. In other words, big changes in large groups are very rare, 
and the rarer something is, the less likely we would expect to fi nd evi-
dence of it in the fossil record. Moreover, when changes that signifi cantly 
improve reproductive fi tness do take place, they start in a small way but 
spread quickly throughout the population. Therefore, there won’t be a 
lot of transitional organisms to be deposited as fossils. This sounds plau-
sible, but if the affected population is large enough, shouldn’t we fi nd at 
least some transitional fossils? Not necessarily, reply the population ge-
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neticists. The extent of fossil excavation to date is actually quite limited, 
fossils can’t capture many types of distinguishing characteristics, and the 
geologic conditions necessary for fossils to be preserved over long peri-
ods of time are not that common.

Even well-settled understandings can unravel very quickly. Long before 
the existence of genes was known, the French naturalist Jean-Baptiste 
Lamarck, who lived in the late eighteenth and early nineteenth centu-
ries, posited that environmental conditions could produce changes in 
organisms that were passed on to their offspring. For example, giraffes 
stretched their necks to reach higher vegetation, and so their calves were 
born with longer and longer necks. Lamarck was ridiculed by geneti-
cists, who insisted that, although environmental conditions could affect 
which genes were inherited, they could not change the genes themselves. 
Giraffes stretching their necks did not affect the neck length of their off-
spring; instead, giraffes with longer necks could reach higher vegetation, 
which made them reproductively more successful than giraffes with 
shorter necks, and so more calves tended to be born with longer necks. 
Interestingly, however, the discovery of genetic switches and epigenetics, 
described in chapter 3, suggests that Lamarck was partly correct: per-
haps genes cannot be altered directly by the environment, but behaviors 
triggered by environmental conditions do seem to be able to affect ge-
netic switches in ways that appear to be inheritable.

Another fundamental difference is over how to classify living things. 
Until fairly recently, the prevailing approach was to identify species 
based on differences in the appearance of their fossils and to portray evo-
lution as relatively linear. This approach employs a set of classifi cations 
ordered from the less to the more specifi c (e.g., kingdom or domain, phy-
lum, class, order, family, genus, species) and conceives of human evolu-
tion as a continuous sequence from earlier, less humanlike organisms to 
modern Homo sapiens. A more modern, though still controversial, al-
ternative, known as cladistics, uses classifi cations based on  evolutionary 
ancestry. There are a number of different versions of the cladistic ap-
proach, but essentially it traces evolutionary pathways from common 
ancestors onward. In contrast to the earlier depiction of human evolu-
tion as a fairly straight line with a few branches representing nonhuman 
dead ends, the cladistic approach appears almost “bushy,” with modern 
humans on the end of one of many evolutionary branches.

The differences between these approaches may sound highly techni-
cal and esoteric, but they have had important consequences for the study 
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of evolution. For example, the linear approach had a major effect on how 
naturalists interpreted the humanlike fossils they found. Since the great-
est achievement would be to fi nd a new link in the human evolutionary 
chain—if possible, the fabled “missing link” between chimpanzees and 
humans—rather than the remains of just another nonhuman primate, 
naturalists tended to emphasize the humanlike features of their fi nds 
and minimize any apelike attributes.6 This led to all sorts of confusion 
and misattribution. Furthermore, fossils that seemed to contradict the 
prevailing understanding of the order of human evolutionary develop-
ment were relegated to nonhuman status. The classic example is the 
Taung child, Raymond Dart’s 1925 discovery in South Africa of the fos-
silized skull of an infant that had a small brain and humanlike teeth. 
Since the dominant wisdom was that an enlarged human brain had pre-
ceded human teeth, Dart’s claim that he had found an early member of 
the human family was widely rejected. Ironically, one of his chief detrac-
tors was Sir Arthur Keith, a Scottish anthropologist and naturalist who 
was connected with, and some say one of the perpetrators of, the great 
Piltdown man hoax, in which an orangutan jawbone was attached to a 
human skull and passed off as the missing link in 1912.

More important, the linear approach to classifi cation refl ected the 
conviction that evolution was progressive. “Evolution,” observed bio-
ethicist and former priest Joseph Fletcher in 1988, “is about greater so-
phistication, complexity, and functionality.”7 This understanding served 
a number of important purposes: it suited those who needed to see a 
bright line separating humans from other living things, especially from 
the disturbingly similar apes and monkeys; it promoted the Old Testa-
ment teaching that God gave Man dominion over the earth; and it com-
forted those who, despite accepting evolution, still believed in God, or at 
least that the universe was home to a powerful benign force.

The progressive theory was best captured by a foldout illustration in 
a 1965 Time-Life book depicting human evolution as a row of fi gures 
starting with a small, gibbon-like creature called Pliopithecus on the left 
and moving to the right through a succession of increasingly more up-
right and humanlike forms until it reaches Homo sapiens, striding con-
fi dently forward clutching a staff. The illustration is so iconic that it has 
its own name, “The March of Progress.”

But the march of evolutionary progress turns out to be wishful think-
ing. Natural evolution is not progressive for the simple reason that it 
can’t be. As Ernst Mayr said, “there is no known genetic mechanism that 
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could produce goal-directed evolutionary processes.”8 Not only is there 
no such natural force, but there would be no point to it. “Evolution,” says 
Nicholas Wade, “has no goal toward which progress might be made.”9

This truth is well supported by the scientifi c evidence. In terms of 
adaptation, creatures much simpler than man are far more successful. 
“Fish still dominate the oceans,” points out Ernst Mayr, and in most en-
vironments, with the exception of humans, rodents are more success-
ful than primates. In fact, Mayr adds, “the earliest . . . organisms, the 
bacteria, are just about the most successful of all organisms, with a total 
biomass that may well exceed that of all other organisms combined.”10 
To understand just how successful bacteria are as a form of life, bear in 
mind that, whereas biologically modern humans have only been around 
for 1.8 million years, bacteria have fl ourished for 3 billion years. Fur-
thermore, far from acting like a conveyor belt for positive change, the 
history of evolution for the most part is one of stagnation: “Three billion 
years of unicellularity, followed by fi ve million years of intense creativity 
and then capped by more than 500 million years of variation on set ana-
tomical themes,” observes Stephen J. Gould, “can scarcely be read as a 
predictable, inexorable or continuous trend towards progress or increas-
ing complexity.”11 As for the primacy of humanity, says paleoanthropolo-
gist Ian Tattersall, “it is already evident that our species, far from being 
the pinnacle of the hominid evolutionary tree, is simply one more of its 
many terminal twigs.”12

Understanding why people thought otherwise, however, holds little 
mystery. In the fi rst place, it is easy to misperceive natural selection as a 
progressive process, to think that the fact that a species becomes better 
adapted to a specifi c environment means that it gets better in an abso-
lute sense. But natural selection,” says Gould, “is . . . a principle of local 
adaptation, not of general advance or progress.”13 Simply put, if the en-
vironment changes, previously maladapted variations may inherit the 
earth—for a while, that is, until the environment changes yet again.

Another reason for the illusion of progressiveness is human self- 
absorption. “Our impression that life evolves toward greater complex-
ity,” explains Stephen J. Gould, “is probably only a bias inspired by paro-
chial focus on ourselves, and consequent overattention to complexifying 
creatures, while we ignore just as many lineages adapting equally well 
by becoming simpler.”14 No surprise, then, that Aristotle and Ptolemy 
placed the earth at the center of the universe, and that it wasn’t until 
the sixteenth century that Copernicus began to convince people that the 
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earth circled the sun. Not only does the Bible portray mankind as God’s 
greatest creation, but virtually all religions presume a physical resem-
blance between man and God, and PBS commentator Bill Moyers says 
he was “stopped in his tracks” by a sculpture on the north portal of the 
cathedral at Chartres, which depicts Adam emerging “as an idea” from 
the side of God’s head.15 If, as Genesis instructs, it’s all about us then, it 
is to be expected that we would portray ourselves atop the pinnacle of 
life at the end of a long upward slope of increasing improvement and 
sophistication.

But this slope is an illusion, or more precisely, a coincidence. It is true 
that life on earth began at a simple level, most likely as prokaryotes, 
 single-cell organisms such as bacteria that lack a cell nucleus. Given the 
conditions on earth at the time, there probably was no other way that life 
could have begun. But as a result, all subsequent evolutionary develop-
ments had to consist either of similarly simple life forms or movement, 
at least temporarily, away from this “left-hand wall” of simplicity in the 
direction of greater complexity.16 Perhaps under a different set of start-
ing conditions, life might have emerged in a more complex initial state 
and subsequently have evolved toward greater simplicity. Indeed, there 
are numerous examples of decreasing complexity in evolution, such as the 
loss of functional eyes in cave-dwelling animals, simpler neural struc-
tures in salamander’s brains than in their evolutionary ancestors, and 
the loss of body parts in parasites.
i
In short, there are a number of important unresolved questions about 

evolution: What is the primary evolutionary process, the fundamental 
unit of evolution? How fast does evolution take place? Can the environ-
ment change genes directly? How should living things be classifi ed? And 
what does evolutionary theory tell us about man’s place in the universe—
is evolution progressive and man the supreme accomplishment of life, 
or is Stephen J. Gould right when he bluntly declares that “humans are 
here by the luck of the draw, not the inevitability of life’s direction or 
evolution’s mechanism”?17

One explanation for why there is so much uncertainty about matters 
so central to our understanding of human origins is the key-under-the-
lamplight phenomenon. In a fi eld in which there are a limited number of 
fl ickering lamps of knowledge and we can only see the sidewalk beneath 
where they shine, we are likely to think that we can fi nd all the right 
answers there. Consequently, whenever a new piece of evidence turns 
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up, whether it is a fossil or a new way of mining the information held by 
DNA, even the humblest researchers shout “Ah hah!” and proceed to try 
to convince everyone that they have found the key to the great puzzle.

These scientists are often respected members of their fi elds, and their 
stature alone helps overcome doubts about their claims. Not surprisingly, 
moreover, they do not take kindly to being challenged, and this leads to a 
noteworthy amount of pettiness and acrimony. One of the classic feuds is 
between paleontologists Martin Pickford and Richard Leakey. Leakey is 
the son of Mary and Louis Leakey, the famed fossil hunters who launched 
excavations at Kenya’s Olduvai Gorge in the 1930s. Richard Leakey and 
Pickford had been friends when they were teenagers in Kenya but fell 
out as paleontologists. From 1968 until 1989, Leakey was director of 
the National Museums of Kenya. Before the Kenyan government would 
issue a permit to dig for fossils, researchers had to get permission from 
the museum, and Leakey was therefore in a position to prevent Pickford 
from excavating in the country, particularly in the area known as the 
Tugen Hills, in which both of them were interested. In 1985, Pickford 
visited the National Museums to take some notebooks written by his 
mentor, William Bishop, to be copied. Leakey accused Pickford of steal-
ing the notebooks and banned him from the museum. Since this meant 
that Pickford could not get permission from the museum, he could not 
dig. So he joined up with a disgruntled former employee of the museum, 
Eustace Gitonga, who had started his own museum in Kenya, called the 
Community Museums, and got a permit from him.

In 1995, Pickford and Gitonga coauthored a book entitled Richard E. 
Leakey: Master of Deceit. In her 2007 book entitled The First Human: 
The Race to Discover Our Earliest Ancestors, Ann Gibbons, a correspon-
dent for Science magazine, describes Pickford’s book as follows: “The 
cover showed a drawing of Richard Leakey holding a skull with green 
dollar bills falling out of it. The title and cover were tame compared with 
the contents. . . . It started with a dedication to ‘the victims of the fan-
tastic Richard Leakey manipulations.’ It described Leakey as a ‘parasite,’ 
his science as ‘folly,’ his books as a ‘swarm of errors,’ and his friends as 
‘toadies.’ ”18

Relying on the permit from Gitonga, Pickford continued to dig in the 
Tugen Hills. In 2000, at Leakey’s instigation, Pickford was arrested for 
digging without proper permission.19 He stayed in jail for several days 
before the case was dropped. Pickford and a French colleague then re-
turned to the Tugen Hills and found the remains of a 6-million-year-old 
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prehuman whom they named Orrorin Tugenensis. Given the timing in 
the year 2000, the fossil fi nd was soon being called “Millennium Man.” 
Meanwhile, Leakey accused Pickford of sending the fossils illegally to 
France for study.

Although the feud between Leakey and Pickford may be an extreme 
case, this backbiting isn’t just a product of bile and dyspepsia. It happens 
to be one of the starkest examples of the principal of survival of the fi ttest 
in operation: the often brutal competition for academic tenure and pro-
fessional stature. In paleontology, for example, graduate students and 
young professors make their careers by going on successful digs. The 
best success is a groundbreaking fossil fi nd. Hence, there is pressure to 
deem as many fossils as possible to be groundbreaking. That is problem-
atic because one person’s momentous discovery is often somebody else’s 
downfall.

Occasionally the new breakthrough merely replaces the old one as 
the talk of the town, which is punishing enough for the has-been. Fre-
quently, however, the new discovery shows older claims to have been 
false. In Ethiopia in 1974, a professor of anthropology named Donald Jo-
hanson at Case Western Reserve University, which happens to be where 
I teach, and a graduate student named Tom Gray unearthed bones that 
they decided were the fi rst hominid, thus making it the supposed miss-
ing link between chimpanzees and humans. Fossil hunters often give 
their skeletons nicknames, and Johanson’s team called theirs Lucy after 
Lucy in the Sky with Diamonds, the song that they had played over and 
over again the night they celebrated their fi nd.20 Alas, in 1994 a group 
ironically also including faculty from Case Western Reserve University 
discovered the remains of a much older hominid that they named Ar-
dipithecus ramidus, or Ardi for short. These scientists then spent the 
next fi fteen years studying it, and in 2009, they announced that, like 
Lucy, slight, 4-foot tall Ardi was also a hominid, and that since she was 
more than a million years older than Lucy, Lucy wasn’t the fi rst hominid 
and therefore couldn’t be the missing link. In fact, Ardi’s discoverers de-
clared, there was no missing link; it was supposed to be the connection 
between chimpanzees and humans, and Ardi showed instead that both 
humans and chimpanzees had branched off from a more distant com-
mon ancestor.

If Ardi’s discoverers’ interpretations were correct, she also negated 
the “savannah hypothesis” about why humans began walking on two feet 
instead of on all fours,21 upon which an entire generation of evolution-
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ary scientists has made its reputation. Paleontologists offer the savannah 
hypothesis as the answer to one of the most intriguing questions about 
human evolution: What characteristic fi rst separated humans from apes? 
The answer to this question is important for human evolutionary engi-
neering since it would help identify the human-nonhuman borderline 
that many say should not be crossed. The paleontologists’ classic answer 
is bipedalism, walking on two legs. But why did humans begin to walk 
on two legs? The standard answer for that is the savannah hypothesis. 
As Swedish archeologist Bo Gräslund describes it, “During the Miocene, 
the period in which it was once believed that humanity evolved, a great 
drought turned large parts of the East African forest into savannah. Sud-
denly our forest-dwelling ancestors found themselves out there on the 
grasslands without any trees to climb. In order to survive they began to 
hunt, and in order to follow their prey and escape predators they raised 
themselves up on two legs and began to run.”22 Being bipedal, the theory 
goes, these early humans also could look for game over the high grass. 
Moreover, standing on their hind legs enabled them to stay cooler in the 
African sun. In Dean Falk’s words, by standing upright, “early humans 
created their own shade.”23

Once life on the savannah forced humans to become bipedal, the the-
ory continues, they were able to begin to develop their remarkable cul-
tural achievements: “In this way,” explains Falk, “their arms and hands 
were freed up so that they could begin to make and use tools. This in 
turn stimulated the brain, which made further cultural achievements 
possible, leading in their turn to an even greater rate of intellectual de-
velopment.”24 In short, the move to the savannah kick-started humanity’s 
ascent up the evolutionary ladder. And on a somewhat less exalted level, 
the need to remain cool while running in the savannah sunlight also was 
said to account for some other notable physical differences between men 
and apes, namely, the absence of a fur coat and sweat glands, the latter 
of which, according to Dean Falk, gives humans “the greatest sweating 
capacity for a given surface area of any known animal.”25

It’s always a good idea to strengthen one theory by interweaving it 
with others, and to that end, the proponents of the savannah hypothesis 
proceeded to argue that humans became bipedal not only because, once 
on the grasslands of Africa, they had to run to hunt for food, but because 
once they caught and killed it, they had to haul it back to their homes on 
the edge of the forest. Being bipedal was selected for because it freed their 
arms and hands to carry or drag game. The savannah hypothesis thus 
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is said to furnish a basis for a compelling three-way evolutionary con-
nection: being bipedal, having large brains, and the development of cul-
ture. Our brains became larger because, compared with the types of food 
available previously, the game on the savannah provided more protein, 
which a larger brain required for nourishment; being bipedal enabled 
us to catch the game; and having free hands meant that the hands were 
free not only to carry the food home but to make better tools. An adden-
dum to the savannah hypothesis also posits that, since the men were out 
hunting, the women could stay behind and take care of the home and the 
children.26 Baby minding was especially important from an evolutionary 
perspective: human infants were vulnerable and feeble, thanks to hav-
ing to be born very prematurely because their mother’s pelvises couldn’t 
grow wide enough to enable the babies’ large heads, which contained 
their big brains, to pass through the birth canal without sacrifi cing the 
strength of the bony scaffolding necessary to support the mother’s up-
right posture.

Despite its elegance, many if not most experts now believe that the sa-
vannah theory is incorrect. There are a number of reasons. First, the pur-
ported connection between bipedalism and freeing the hands to carry 
things is belied by the fact that apes and many monkeys carry things 
quite well despite being quadrupedal. The connection between being bi-
pedal and taking care of helpless infants also is suspicious. As Gräslund 
points out, chimpanzee babies are similarly vulnerable for a long period 
of time after birth, but they manage to cling quite successfully to the fur 
on their quadrupedal mothers’ backs. As far as Gräslund is concerned, in 
fact, “bipedalism did not arise to make it easier to carry small infants; it 
instead arose despite the fact that it made it harder to do so.”27 Gräslund 
also scoffs at the idea that humans became bipedal so that they could 
peer over the savannah grass. Men weren’t the only hunters on the plain, 
he reminds us: “A person walking around at full height in open terrain 
with the idea of spotting dangerous predators will soon discover that 
the predators can see them as well. If our four-footed ancestors had had 
a problem with visibility on the savannah, they would have been much 
better advised to do the same as apes, monkeys, bears, prairie dogs, and 
many other animals, namely to raise themselves up on their back legs for 
a moment and then drop down on all fours again.”28

As for the relationship between bipedalism and staying cool, it unfor-
tunately ignores the fact that humans developed another feature that the 
apes lacked, an insulating layer of subcutaneous fat, which would make 
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cooling ourselves more diffi cult. The proponents of the savannah theory 
respond that we needed the fat to keep our smooth skins warm, since 
the savannah, although scorching during the day, got cool at night. But 
this all begins to sound a bit contrived. Is it possible that we developed 
smooth skin in order not to get overheated when running on the savan-
nah, subcutaneous fat in order to stay warm at night without fur, and 
sweat glands to avoid being overheated by the fat?29 Columbia anthro-
pologist Ralph Holloway sarcastically argues that “at this level of specu-
lation, I could easily assert that as the Pliocene progressed and aridity 
increased, the distances between shade trees increased and hominins 
developed bipedalism so they could stand in the shade during midday 
more easily, thus reducing the risk of hyperthermia, inadvertently leav-
ing the hands free to make sombreros.”30

The savannah hypothesis also manages to offend an entire cadre of 
mostly female anthropologists who are insulted by the notion that women 
evolved merely to be housewives tending gardens behind the house while, 
in Falk’s words, “men made the tools and brought home the bacon.”31 
The offended anthropologists point out that these stay-at-home moms 
were responsible for the cultural breakthrough of farming, which, like 
hunting, was soon able to provide more calories than could be found 
in the wild to feed the swelling brain, and which eventually became the 
main source of all the calories in the human diet. What’s more, the an-
thropologists add, it was the women who, being at home, had the time 
to fi ddle around with those chunks of stone lying around. In short, 
the anthropologists note archly, “not only did early hominin women pro-
vide most of the food, but their freed forelimbs may have fashioned the 
fi rst tools.”32

The sharpest blow to the paleontologists’ savannah theory, however, 
has come from their own discoveries.33 Starting about a dozen years ago, 
fossils of bipedal humans began to be found in what clearly had been for-
est rather than savannah environments. Some paleontologists ventured 
that bipedalism had emerged on the border between forest and savan-
nah, but this ran into the objection that modern wild chimpanzees who 
live in that same border zone behave entirely like forest chimps, rather 
than evolving a different set of behaviors suited to the neighboring grass-
lands. Moreover, the earliest bipedal skeletons were discovered without 
any tools nearby; tools only appeared in proximity to skeletons of more 
recent hominins. This showed that, contrary to the savannah hypothesis, 
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humans had walked on two legs for several million years before they had 
begun to make stone tools. And then there was the discovery of Ardi, 
described earlier, a hominid who apparently walked upright and lived in 
the forest. (This of course raises the question of why bipedalism would 
have developed in the woods; one theory, called the aquatic hypothesis, 
claims that it is an adaptation for wading through forest pools.) For the 
present, the jury is still out on the explanation for bipedalism. As Dean 
Falk says, “bipedalism, more than anything else, separates early homi-
nins from apes. Yet the primary cause for bipedalism remains the biggest 
unsolved mystery in hominin paleontology.”34 But the last word may well 
belong to Ernst Mayr, who observed that “the human species is highly 
successful even though it has not yet completed the transition from qua-
drupedal to bipedal life in all of its structures.”35 In other words, the real 
fl aw in the savannah hypothesis is that, as many Americans who are af-
fl icted with lower back pain no doubt can attest, we aren’t really bipedal.

The experience of having one’s theory, or in some cases one’s life’s 
work, overthrown, as may have happened to the supporters of the savan-
nah theory, often leads established scholars to simply ignore evidence 
that confl icts with their positions. Some go even further, attempting, 
like Martin Pickford and Richard Leakey, to prevent rivals from gaining 
physical access to the fossil record. “To study fossils,” notes Falk, “you’ve 
got to be privy to them. But . . . just a few people in the world control 
access to the archaeological sites and fossils that must be studied if one 
is to do the research necessary to understand our origins.”36

Other beleaguered researchers resort to frontal attack. In May 2009, a 
47-million-year-old fossil of a 9-month-old infant called Ida was unveiled 
as the oldest human ancestor at a lavish affair at the American  Museum 
of Natural History in New York. New York mayor Michael Bloomberg 
was in attendance. The Norwegian scientist who had purchased the fossil 
from “private collectors” two years previously proclaimed it to be “a holy 
grail for paleontology” and predicted that “this fossil will probably be 
pictured in all the text books for the next 100 years.”37 Mayor Bloomberg, 
notwithstanding his lack of expertise in the fi eld of evolution, dubbed it 
an “astonishing breakthrough.”38 Skeptics wasted no time leaping upon 
these claims, however, and quickly published a paper in the prestigious 
journal Nature in which they declared them to be spurious; Ida was not 
a member of the hominid family, they contended, but of a different fam-
ily called adapids, which includes lemurs.39 Similarly, when the island 
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“hobbits” of Indonesia were discovered in 2003, critics insisted that the 
bones were not those of a parallel human species that had lived only 540 
generations ago, but of a modern human with a pituitary defi ciency.40

If the confl icts between fossil hunters seem bitter, imagine the hor-
nets’ nest stirred up when a rival group of researchers challenged the 
reliability of fossil evidence itself. This is occurring in connection with the 
hotly contested dispute over the origins of modern humans. Since the 
1950s, everyone has been in agreement that Africa was our ancestral 
home—well, almost everyone; Dean Falk was maintaining in 2004 that 
“pinpointing the country or even the general region where hominins 
originated . . . [was] problematical,”41 and Canadian anthropologist Pa-
mela Willoughby still says that “the evidence relating to the African ori-
gins of modern humans produces more questions than answers.”42

In any event, it seems clear that 100,000 years ago or so, the world 
was populated by several different types of hominids—Homo erectus in 
Asia, Neanderthals in Europe, and Homo sapiens in Africa—and that 
within 70,000 years, with the possible exception of isolated populations 
such as the “hobbits” mentioned earlier, there was only one hominid 
left, Homo sapiens sapiens. When did Homo erectus and Neander-
thals get from Africa to Asia and Europe? The estimated date has been 
moved back in time from 1 million years ago, which was the prevail-
ing view in 1994, to 2 million years ago more recently.43 Were Homo 
erectus, Neanderthals, and Homo sapiens already noticeably different 
species when they left Africa, or did some earlier common ancestor emi-
grate and then evolve, more or less simultaneously, continents apart, 
into modern man? And there is still the main mystery: what happened 
to these other branches of the human evolutionary tree? We’ve already 
heard various theories about the Neanderthals, but what was the fate of 
Homo erectus?

One theory holds that when Homo erectus left Africa about 2 million 
years ago, he migrated to Europe and Asia and simultaneously evolved 
in a number of places at the same time into modern Homo sapiens. This 
theory, called the multiregional hypothesis, acknowledges that there 
were subsequent waves of human migration from Africa and contends 
that these newcomers absorbed the evolving populations they found 
throughout Europe and Asia by breeding with them. The opposing the-
ory is called the replacement hypothesis. It maintains that Homo sapi-
ens developed only in Africa, spread abroad relatively recently, perhaps 
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only 60,000 years ago, and, when they encountered other hominids like 
Homo erectus, supplanted them by being better suited to the environ-
ment, rather than absorbing them through interbreeding.

The multiregional theory is the darling of the fossil hunters. One rea-
son may be that it allows more of them to claim that the bones they fi nd 
outside of Africa are from evolutionary lines leading directly to modern 
humans, which, as described earlier, makes the fi nds more impressive. 
That is not to say that they agree on all aspects of the theory; there are 
intense debates among them about how many migrations came out of 
Africa and when, as well as about how to interpret the fossil evidence 
in order to characterize the hominid populations found outside of Af-
rica. A few even reject the multiregional theory altogether in favor of 
the  replacement theory.44 But most fossil seekers are adamant that the 
multi regional theory is basically valid and, above all, that the fossil 
evidence, upon which it is based, is the supreme source of knowledge 
about evolution. As University of Michigan paleoanthropologist Milford 
Wolpoff, a leading champion of the multiregional theory, and Australian 
colleague Alan Thorne bluntly put it, “The fossil record is the real evi-
dence for human evolution.”45

In the meantime, however, a different group of scientists began to 
attack the puzzle of human origins using evidence from their growing 
understanding of human genetics. Led by molecular biologists such as 
Berkeley’s Allan C. Wilson, they searched for clues to human evolution 
in human DNA, and whenever the DNA evidence seemed to be inconsis-
tent with the conclusions that the paleontologists had drawn from their 
fossils, the biologists not only disputed the paleontologists’ claims but 
questioned the reliability of the fossil evidence upon which they were 
based. As Wilson and his Berkeley colleague Rebecca Cann put it, “fossil 
evidence is not objective, but rather, necessarily refl ects the models the 
paleontologists wish to test,”46 which is a nice way of saying that the pale-
ontologists shape their interpretation of fossils to suit their pet theories, 
in particular, the multiregional theory of modern human origins. The 
molecular biologists already had one victory under their belts: “Arguing 
from their fossils,” Cann and Wilson observe, “most paleontologists had 
claimed the evolutionary split between humans and the great apes oc-
curred as long as 25 million years ago. We maintained human and ape 
genes were too similar for the schism to be more than a few million years 
old. After 15 years of disagreement, we won that argument when the 
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paleontologists admitted we had been right and they had been wrong.”47 
Now the biologists were convinced they were about to win the battle over 
the multiregional theory.

In 1987, Wilson, Cann, and a third researcher, Mark Stoneking, pub-
lished an article in Nature entitled “Mitochondrial DNA and Human 
Evolution,” in which they reported their analysis of human DNA found 
in the mitochondria, structures outside the cell nucleus that are inher-
ited entirely from one’s mother.48 Their analysis convinced them that “all 
humans today can be traced along maternal lines of descent to a woman 
who lived about 200,000 years ago, probably in Africa.”49 The woman 
quickly became known as “Mitochondrial Eve.” According to Wilson and 
his colleagues, she proved that “modern humans arose in one place and 
spread elsewhere.”50 In short, the multiregional theory was wrong.

The champions of the multiregional theory did not take this lying 
down. In a duel fought across the pages of Scientifi c American in 2003, 
Wolpoff and Thorne challenged every argument Wilson, Cann, and Stone-
king were making in another article in the same issue of the magazine. 
In the fi rst place, noted Wolpoff and Thorne, replacement theory has 
the newcomers from Africa being better adapted to the conditions they 
found in Europe and Asia than the native hominids who had been adapt-
ing there—according to most estimates, for more than 2 million years. 
This is inconsistent with the fundamental theory of evolution, which 
holds that populations become better adapted to stable environments 
over time. Nor is there any fossil evidence showing that the Africans 
brought with them any powerful, new technology that would give them 
a signifi cant adaptive advantage. In his accompanying article, Wilson 
replies that the African humans did indeed bring a game changer with 
them: a mitochondrial gene for language lacking in the existing popula-
tion.51 According to Wilson, this gene enabled them to survive while the 
others died out not only because their language ability was so much bet-
ter, but because they did not deign to breed with the others, thus both 
isolating them and outcompeting them. Wolpoff and Thorne retort that 
mitochondrial DNA cannot carry a gene that improves language ability 
because that would violate a condition that molecular biologists them-
selves impose on mitochondrial DNA in order for it to yield evolutionary 
information, namely, that mutations in mitochondrial DNA, as opposed 
to in the DNA found in cell nuclei, can have no positive or negative effect 
on fi tness. And wouldn’t you know it, they add, analysis of nuclear DNA 
supports the multiregional hypothesis.
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But that’s not all, add Wolpoff and Thorne: As you have disparaged 
our reliance on the fossil record, Professor Wilson, so we will discredit 
your reliance on mitochondrial DNA. For one thing, mitochondrial DNA 
does not take account of daughterless descendants; therefore, there could 
be plenty of sources of modern mitochondrial DNA other than Eve.52 
Furthermore, two of your own students (Stoneking, who coauthored 
with Wilson the 1987 paper in Nature that announced the discovery of 
Mitochondrial Eve, and Cann, the coauthor of the current piece in Sci-
entifi c American) admit that their mitochondrial analysis can only place 
Eve somewhere between 50,000 and 500,000 years ago, rather than at 
200,000 years ago, as you claim. In short, the mitochondrial DNA tech-
nique is not precise enough to support your date for Mitochondrial Eve.

In their 2003 article, Cann and Wilson also insisted that their DNA 
analysis showed that modern humans had replaced existing human spe-
cies “without any genetic mixing” (their emphasis).53 How this could 
happen, they admitted, “is still a compelling mystery,” although they of-
fered a few possibilities. But in 2010, as noted in the previous chapter, 
DNA researchers announced that Neanderthals and modern humans 
had in fact interbred, another blow to the replacement theory.

The disagreements among fossil hunters on the one hand and between 
fossil hunters and molecular biologists on the other involve only two of 
the many disciplines in which academics compete to solve the enigmas of 
evolution. In addition to paleontology and molecular biology, there’s 
palaeoanthropology, biological anthropology, social anthropology, pri-
matology, archaeology, zoology, linguistics, genetics, geography, taxon-
omy, phylogenetics, physical anthropology, neurology, developmental 
psychology, linguistics, archaeology, primatology, sociocultural anthro-
pology, paleoclimatology, anatomy, physiology, and the list goes on. Within 
each of these disciplines, ambitious up-and-comers have an incentive to 
challenge established fi gures, and both rookies and veterans compete 
with their counterparts in the other subjects.

On top of that, new fi elds are constantly springing up or splitting off and 
proclaiming themselves to be the new truth. A recent example is evolu-
tionary developmental biology, or “evo-devo” for short. One of its found-
ers, Sean Carroll at the University of Wisconsin, describes it as “the study 
of the pivotal role played in evolution by genes and processes associated 
with the development of anatomy”54 and claims that “much of what has 
been learned [from evo-devo], about animal forms in particular, has 
been so stunning and unexpected that it has profoundly expanded and 
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reshaped the picture of how evolution works.”55 Shots like this, of course, 
are acts of war, and the rivals whose “picture of evolution” Carroll claims 
to have reshaped promptly mobilize their counterarguments.

With this much turmoil and animosity among those who seek to un-
derstand it, is it any wonder so much remains uncertain about human 
evolution? And we haven’t even mentioned the creationists, happily 
throwing sand on the whole enterprise.

So where does this leave us? Scientifi cally, there is no question that 
natural evolution is real. Furthermore, we probably understand enough 
about it to be able to identify a number of potential threats to the contin-
uation of our evolutionary lineage, such as a catastrophic loss of genetic 
diversity. But the lack of clarity about so much of the natural process of 
evolution complicates efforts to prevent evolutionary engineering from 
making harmful mistakes. For example, recall the concern about cross-
ing the line between humans and other animals, as well as Leon Kass’s 
insistence on preserving our “given nature.”56

Has the science of human evolution brought us any closer to know-
ing what that gift is, or even whether it truly exists? Is it bipedalism? 
Would we no longer be human if we gave our descendants the ability 
to walk up walls using all fours? Do our brains make us different from 
other animals? If so, says Dean Falk, it is not the basic anatomy of the 
brain: “Although the cerebral cortex of humans is larger and more con-
voluted than that of chimpanzees, human and chimp brains appear su-
perfi cially to have the same parts.” Nor does it appear to be the size of 
our brains. Earlier hominins had larger brains but less technology, and 
Ernst Mayr is astonished by the fact that, despite its enormous cultural 
achievements, “the human brain seems not to have changed one single 
bit since the fi rst appearance of Homo sapiens, some 150,000 years ago. 
It seems that in an enlarged, more complex society, a bigger brain is no 
longer rewarded by a reproductive advantage. It certainly shows that 
there is no teleological trend toward a steady brain increase in the homi-
nid lineage.”57 If there are essential differences between our brains and 
those of other animals, says Falk, “it appears that subtle differences in 
the nervous systems of humans and chimpanzees, not gross anatomy, are 
what count. These involve, in particular, the wiring and the distribution 
of neurochemicals in the frontal lobes and the association cortices, as 
well as the right/left contrasts in brain organization called lateraliza-
tion.”58 Does this mean that these subtle differences should be off-limits 
to evolutionary engineering? No one knows. Disciples of evo-devo argue 
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that the only thing that really separates us from our closest relatives, the 
chimpanzees, is differences in genetic switches.59 Can evolutionary en-
gineering take place without altering those switches? If not, which ones 
are more critical than others in defi ning us as human beings?

In addition, our uncertainty about how natural evolution works and 
what future it would hold for us makes it diffi cult to predict whether fu-
ture humans who developed along largely “natural” lines would be better 
off than those who were the products of evolutionary engineering. This 
cuts in two directions. On the one hand, it undermines opponents of 
evolutionary engineering who argue that we must allow natural evolu-
tion to take its course. For all we know, directed evolution would pro-
duce fi tter future humans. On the other hand, our limited knowledge 
counsels us to be cautious so that we do not inadvertently blunder into 
an evolutionary minefi eld.

What should we do then? Should we err on the side of caution and 
try to stop genetic engineering from taking place? Or would that be fall-
ing into the trap that Sunstein contends is the fl aw in the precautionary 
principle, namely, sacrifi cing untold benefi t by being too cautious? On 
the other hand, if we permit evolutionary engineering to proceed, how 
do we minimize the risks? What actions would we need to take to pre-
vent harm to children? Would those measures be suffi cient to protect fu-
ture generations and preserve the lineage? If not, what additional steps 
must be taken? How soon would those measures have to be in place? 
The subsequent chapters will explore the answers to these questions.
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part three

Managing Risk in Evolutionary 
Engineering
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chapter eight

Protecting the Children

There are a number of ways in which evolutionary engineering could 
seriously harm those most immediately at risk, the children who were 

genetically modifi ed. Children might be physically damaged by man-
ipulations that went awry, a signifi cant possibility given the complexi-
ties of human biology. Parents might make poor choices about how to 
modify their children that ended up compromising the children’s welfare 
and, from an evolutionary standpoint, reducing the children’s adaptive 
fi tness. Child development might be stultifi ed if parents made narrow 
or restricting modifi cations. The parent-child relationship could be dis-
rupted if parents felt guilty about the negative consequences of genetic 
engineering, were disappointed by children who failed to take full ad-
vantage of their enhancements, tended to treat modifi ed children chiefl y 
as objects to be molded in the parents’ images, or had impoverished the 
family in order to pay for the engineering. Sibling relations could suffer 
because parents modifi ed children in different ways, or only modifi ed 
some of them, perhaps because the parents couldn’t afford to do more. 
Finally, the children could face crippling social discrimination.

Given these hazards, it is worth considering whether to ban evolution-
ary engineering altogether. There is some precedent for this. Australia, 
Canada, France, Germany, the Netherlands, South Africa, and Switzer-
land have enacted laws making it illegal to engage in human germ line 
genetic manipulation.1 In 1997, the Council of Europe adopted a Conven-
tion on Human Rights and Biomedicine that only permits modifi cation 
of human DNA for “preventive, diagnostic or therapeutic purposes and 
only if its aim is not to introduce any modifi cation in the genome of any 
descendants.”2 In regard to the especially hot-button issue of chimeras, 
Australia, Canada, Denmark, Germany, and Spain have made it against 
the law to create certain types of animal-human hybrids.3 Declaring that 
“human life is a gift from our creator, and that gift should never be dis-
carded, devalued or put up for sale,” George W. Bush urged Congress in 
his 2006 State of the Union address “to pass legislation to prohibit the 
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most egregious abuses of medical research” and listed “creating human-
animal hybrids” along with “human cloning in all its forms,” as well as 
experiments on and commerce in human embryos.4 (Bills to this effect 
have been introduced but not enacted.)

In 2008, the British Parliament passed the Human Fertilization and 
Embryology Act Amendments, which prohibit implanting into a woman 
a nonhuman embryo or reproductive cell or an “admixed” embryo.5 
However, the law allows the British Human Fertilization and Embryol-
ogy Authority (HFEA) to grant licenses for researchers to create animal-
human embryos so long as the embryos are destroyed before they are 
14 days old.6 Several months before the law was passed, the HFEA for 
the fi rst time approved licenses for two experiments to insert a human 
nucleus into a cow egg, and while the bill was being debated, research-
ers at Newcastle University, which had received one of the licenses, suc-
ceeded in creating one of these “cytoplasmic hybrids,” which survived for 
three days.7 After the HFEA had issued licenses for three hybrid research 
projects in 2009, however, the British government refused to fund two 
of them, including the one ongoing at Newcastle.8 By that time, the New-
castle researchers had produced 287 human-cow embryos.9

Despite its superfi cial attraction, a complete prohibition on evolu-
tionary engineering would encounter a host of problems discussed in 
previous chapters. These include practical diffi culties, such as how to stop 
black markets from developing; how to prevent parents from modifying 
their offspring in other countries where it might not be illegal; how to 
forbid objectionable uses of genetic engineering while permitting other 
uses that critics of evolutionary engineering might fi nd acceptable, such 
as preventing the transmission of genetic diseases to one’s children; 
and how to prevent the nation from losing its competitive edge against 
other countries that allowed or even encouraged citizens to engineer 
their descendants to be more inventive, more productive, more obedi-
ent, or better soldiers. Aside from these practical obstacles, a ban on all 
forms of evolutionary engineering would sweep up many practices that 
have become widespread and generally accepted, such as IVF and other 
assisted reproductive technologies for infertile couples, as well as pre- 
implantation testing of in-vitro-fertilized embryos to weed out those 
with serious diseases, not to mention medical care that treats or pre-
vents illnesses that otherwise would have prevented their sufferers from 
having children. Even computerized dating services might be considered 
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“assisted mating technologies” and therefore be fair game under a totally 
prohibitive legal regime.

But even if some forms of evolutionary engineering are permitted, 
what about germ line genetic engineering, in which active modifi cations 
are made to a person’s DNA in such a way that they are transmitted via 
eggs and sperm to future generations? Isn’t germ line engineering too 
dangerous? Shouldn’t it be outlawed categorically, since it may be hard 
to determine if germ line changes would be safe for children, given that it 
may be necessary to wait for the child to reach adulthood and reproduce 
in order to detect latent adverse effects, and it may be even harder to feel 
confi dent that later generations will not suffer any serious problems? No 
biomedical intervention is completely risk-free, however; the standard 
that the FDA requires new drugs and medical devices to meet in order to 
be approved for marketing is not that they present no risk of harm, but 
that the risk is deemed acceptable in view of the potential benefi ts. In 
2009, for example, the FDA Adverse Event Reporting System received 
almost 64,000 reports of patient deaths that were attributed at least in 
part to the use of prescription drugs under doctors’ orders.10 While some 
of these deaths may have been caused by medical malpractice, most of 
them undoubtedly were unavoidable consequences of proper physician 
behavior.

The question, then, is not whether germ line modifi cations are risky, 
but whether the potential benefi ts outweigh the risks, including the un-
certain risks to modifi ed children and their descendants. The response 
you get depends on whom you ask. In 2000, the AAAS issued a highly 
critical report on germ line gene therapy—the use of germ line engineer-
ing to cure, treat, or prevent disease. Many of the experts in their work-
ing group questioned whether there would ever be enough confi dence in 
the safety of germ line therapy to justify its use.11 This view was strongly 
infl uenced by the fact that the working group did not think that germ 
line therapy was particularly useful: “The working group could identify 
few instances where IGM [inheritable genetic modifi cations] would be 
needed. There are currently several alternative approaches available 
that will help parents avoid passing on defective genes to their offspring. 
These include genetic screening and counseling, prenatal diagnosis, and 
abortion, pre-implantation diagnosis and embryo selection, gamete do-
nation, and adoption. In the future, in utero somatic gene therapy and 
gene therapy on patients after birth are likely to offer effective means for 
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correcting defects.”12 The working group’s argument rests on question-
able assumptions, however. There are bound to be parents who prefer 
to have their own genetic offspring rather than to adopt or to employ 
surrogate eggs or sperm. Other parents may not want their children to 
have to undergo repeated somatic gene therapy treatments that could be 
prevented by germ line interventions performed when the children were 
early-stage embryos. It is diffi cult, therefore, to maintain that parents 
should be prevented from opting for germ line gene therapy categori-
cally, under all circumstances.

But so far we have been discussing medical uses of germ line genetic 
modifi cation, that is, to prevent deleterious genes from being passed on 
to one’s children. The transhumanist vision described in chapter 1 goes 
much further, advocating the use of germ line engineering to improve 
nondisease characteristics such as intelligence, mood, and longevity. Even 
if we accepted medical uses of germ line engineering under some circum-
stances, shouldn’t nonmedical enhancements be banned on the grounds 
that the risks to the children invariably would outweigh the benefi ts?

The argument that enhancement uses of genetic engineering should 
be prohibited while medical uses are permitted, however, rests on one 
and possibly two false assumptions. The fi rst incorrect assumption is that 
medical benefi ts inherently are worth more than enhancement benefi ts, 
and therefore a degree of risk that would be acceptable in order to obtain 
a medical benefi t would not be justifi ed in order to obtain an enhance-
ment benefi t. This assumption has some superfi cial appeal; health is 
often described as a “special,” “basic,” or “primary” good,13 without which 
it is impossible to attain “normal species functioning”14 or to enjoy a rea-
sonable range of opportunities.15 However, the value of a medical versus 
an enhancement benefi t clearly depends on the nature of the benefi t. 
It is reasonable to expect that some medical benefi ts will be regarded 
as more valuable than some enhancement benefi ts. Most people prob-
ably would agree that a potentially life-saving drug or medical device 
provided greater benefi t than a new nonprescription contact lens such 
as Bausch and Lomb’s MAXSIGHT, which reduces glare for athletes. 
On the other hand, some enhancement benefi ts arguably are more valu-
able than medical benefi ts. An enhancement that increased cognitive 
function substantially is likely to be deemed more valuable than, say, a 
drug to treat nail fungus.

The second false assumption behind the argument that enhancement 
engineering ought to be prohibited even if medical engineering is not is 
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that enhancement technologies are inherently riskier or that their risks 
are less well understood. The risks of gene insertion for therapeutic pur-
poses, however, may be just as uncertain as the risks of gene insertion for 
enhancement purposes. Moreover, as noted earlier, essentially the same 
technical methods that are used to modify genes for health purposes will 
be used to modify genes for enhancement purposes; there is no obvious 
reason why they would work better for the former than for the latter. 
Finally, both medical interventions and enhancements may have both 
positive and negative social impacts. Therefore, it cannot be said that 
evolutionary engineering for enhancement purposes should be forbid-
den categorically.

A case can even be made for allowing the combining of animal and 
human DNA in certain cases. The research in Britain on inserting human 
cell nuclei into cow eggs that was cancelled for lack of funding was an 
effort to create stem cells from a patient’s skin to treat illnesses such as 
heart disease, Parkinson’s, and diabetes, thereby avoiding the controver-
sial use of stem cells taken from human embryos.16 This doesn’t sound 
particularly horrifying, which is no doubt why the British parliament au-
thorized such experiments and why the UK licensing authorities initially 
granted permission for them to take place.

What many people don’t realize, in fact, is that humans already con-
tain lots of nonhuman DNA. As one commentator explains, “at birth, 
your body was 100-percent human in terms of cells. At death, about 
10-percent of the cells in your body will be human and the remaining 
90-percent will be microorganisms.”17 The adult human body actually 
contains about 100 times more animal DNA than human DNA,18 and 
as NIH director Francis Collins points out, if the nonhuman genes are 
added to our own, the number of genes at work in the human body in-
creases from our native 23,000 or so to over 3 million.19 The nonhuman 
DNA to which Collins is referring is found for the most part in bacteria 
that take up residence in the intestinal tract, where they perform criti-
cal functions in enabling us to digest our food, such as certain carbohy-
drates. One such microorganism is the E. coli that Paul Berg wanted to 
combine with a cancer-causing monkey virus when he was developing 
recombinant DNA. A recent study of 124 Europeans concluded that col-
lectively their intestinal systems were inhabited by around a thousand 
species of bacteria, and that each individual harbored about 160 spe-
cies.20 Another report stated that there were as many as 10,000 different 
species of microorganisms and viruses in a single individual.21 Humans 
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could not survive without their colonies of these intestinal fl ora, which 
was recently affi rmed when the NIH in 2007 established the Human 
Microbiome Project, which is aimed at studying the genetic makeup of 
these organisms and their role in human health and disease. The year 
before, in fact, a group of scientists had written in the journal Science 
that “humans are superorganisms whose metabolism represents an amal-
gamation of microbial and human attributes.”22 Instead of referring to 
the “human genome,” they recommended that we use the term “metage-
nome.”

Since we already host a swarming hive of symbiotic bacteria, why 
would it be abhorrent to supplement our resident bug population with 
some of their not-so-distant cousins? How about Fibrobacter succino-
genes and Ruminococcus albus, the organisms that enable other animals 
to digest cellulose, the fi brous material that gives plants structural rigid-
ity so that they can stand up straight? Recall that in Margaret Atwood’s 
novel Oryx and Crake, Crake installs this capability in the Children of 
Crake, the new type of humans that he engineers to repopulate the Earth 
after he releases a catastrophic contagion. Cellulose salad isn’t just the 
stuff of science fi ction, moreover. According to Noah Schachtman, a re-
porter for the online technology journal Wired, the Department of De-
fense’s Defense Advanced Research Projects Agency (DARPA) has funded 
a research project by U.S. Department of Agriculture microbiologists in 
Ames, Iowa, with the goal of identifying and studying the bacteria that 
secrete the enzymes that enable pigs to break down cellulose. Dubbed 
“Operation Intestinal Fortitude,” the ultimate objective, according to 
Schachtman, is to develop “fi br-biotics” that will enable deployed sol-
diers to get more energy “from either food rations or non-traditional 
foodstuffs,”23 that is, cellulose. Some major hurdles may stand in the way 
of success, though. For one thing, animals that digest cellulose such as 
cows and pigs have very different digestive systems than humans, in-
cluding multiple and much larger stomachs. In addition, there is that 
rather noisome by-product of ruminant digestion, methane. It wouldn’t 
do for soldiers creeping up on an enemy after a nutritious meal of leaves 
and twigs to give warning of the impending attack by their fl atulence.

It might be objected, however, that when transhumanists propose 
giving humans advantageous animal capabilities, such as an eagle’s eye-
sight, they have in mind adding animal genes to human DNA, while the 
nonhuman DNA in the human microbiome exists in nonhuman cells, 
such as those of bacteria, and has not been combined with the DNA in 
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human cells. Therefore, the fact that the human microbiome contains 
massive amounts of nonhuman DNA does not necessarily justify incor-
porating animal and human DNA in the same cells. This is true, but 
the human genome actually does contain DNA from nonhuman origins. 
Approximately 8 percent of the human genome is composed of human 
endogenous retroviruses (HERVs),24 which are remnants of infections 
that were produced in our ancestors by retroviruses, a type of virus that 
includes HIV and the virus that causes the common cold (and that killed 
Jessie Gelsinger). Over time, DNA from these retroviruses infi ltrated 
and became part of the human DNA molecule. While the retroviral DNA 
in the human genome admittedly is not the result of the deliberate mix-
ing of human and nonhuman DNA, as more people become aware that 
they contain nonhuman DNA, germ line engineering that intentionally 
mingles animal and human genes could lose much of its distastefulness.

The argument that all forms of evolutionary engineering should be 
banned in order to prevent harm to children, in short, is unsustainable. 
Humans have been intervening in the natural evolutionary process since 
the invention of medicine. The same widely accepted methods of assisted 
reproduction that are used to combat infertility and prevent the inheri-
tance of genetic disorders will soon be able to be employed to genetically 
enhance offspring. Germ line genetic modifi cation may be justifi able as a 
means of eradicating genetic diseases and disabilities from family lines. 
Even mixing human and animal DNA cannot be ruled out entirely. In-
stead of trying to block evolutionary engineering altogether, the focus 
instead must be on preventing unreasonable harm to engineered chil-
dren. The question then is how much harm is reasonable.

i
Before seeking to answer this question, however, it is necessary to con-

sider a rather startling contention, namely, that it is logically impossible 
for evolutionary engineering to cause any kind of harm to children. This 
contention is based on an argument made by Oxford philosopher Derek 
Parfi t called “the Non-Identity Problem.”25 As applied to evolutionary 
engineering, the Non-Identity Problem would contend that if parents 
conceived a child for the purpose of engineering it and proceeded to do 
so in a harmful manner, we cannot say that the child has been harmed 
because if it had not been engineered, it would not have existed at all. 
Put another way, while a child who had not been harmfully engineered 
might be said to have a better life than the harmfully engineered child, 
they are not the same child, and therefore we cannot say that the parents 
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have deprived the engineered child of a better life. To illustrate this argu-
ment, Parfi t gives the example of a 14-year-old girl who is proposing to 
have a baby. We can advise her to wait until she is older on the premise 
that she will be better able to cope with the demands of parenthood, but 
we can’t logically tell her that this would be better for the baby, since the 
baby she would have at 14 and the one she would have when she was 
older would be different people. Therefore, we cannot say that having 
the child at 14 is harmful to the child.

The Non-Identity Problem is more complicated, however.  Technically, 
if parents conceived a “normal” embryo or fetus and would have allowed 
it to be born in any case but then proceeded to engineer it in a harmful 
way, we can accuse them of having harmed the child, since if the par-
ents hadn’t engineered it harmfully, the child would still have been born 
and would not have been harmed. This shows that a lot turns on the 
parents’ intentions and on the precise sequence of events: if the harm-
ful engineering occurs early on or as an integral part of the process of 
conception, for example, if the parents engineer their eggs, sperm, or 
an early-stage embryo, the resulting child cannot be said to have been 
harmed, but if the engineering occurs after the child is conceived, say, at 
a later stage of embryonic or fetal development, and the parents would 
have had the child even if it had not been engineered, then the child can 
be said to have suffered harm.

John Robertson, an American legal scholar who is a staunch defender 
of the right of parents to make reproductive choices, including the choice 
to genetically modify their children, makes this point in saying that “if 
the embryos that are altered would have been transferred [to the uterus] 
anyway, the alteration risks harms to offspring who could have been born 
without the risk of that harm.”26 On the other hand, Robertson observes, 
if parents would be willing to have children only if they were geneti-
cally modifi ed to their taste, then the alternative to not being genetically 
modifi ed is to not exist at all, and since existing is presumed to be prefer-
able to not existing, parents ought to be allowed to genetically engineer 
their children in any way that they see fi t. Philosopher Ronald Dworkin 
applies the same sort of reasoning to support IVF, which troubles pro-
life advocates because, among other things, it ends up discarding most of 
the human embryos that it produces. “We accept in vitro fertilization as 
a reproductive technique,” says Dworkin, “because we do not believe that 
it shows disrespect for the human life embodied in one zygote to allow 
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it to perish when the process that both created and doomed it also pro-
duces a fl ourishing human life that would not otherwise have existed.”27

The notion embodied in the Non-Identity Problem that a child can-
not be harmed if the alternative is not to have been born at all has played 
a major role in judicial decisions in what are known as “wrongful life” 
cases. These are lawsuits that allege fi rst that, owing to the defendant’s 
negligence, a child was born who would not have been born if the de-
fendant had not acted negligently; and second that, as a result of being 
born, the child has been harmed in some way. An example would be a 
couple that goes to a doctor for genetic testing to see if they are car-
riers of a certain genetic disorder and, upon being negligently misin-
formed by the doctor that they are not, proceeds to conceive a child who 
turns out to have the disorder.28 If the doctor had correctly informed the 
parents, they would not have conceived the child and it would not have 
existed. Another illustration would be a couple that has one child who 
has cystic fi brosis and that relies on a fertility clinic to employ IVF and 
pre- implantation genetic testing to avoid having another child with the 
disease; if the fertility clinic makes a mistake and implants the wrong 
embryo, one that has the cystic fi brosis mutation and that would not 
have been brought to term except for the clinic’s mistake, the resulting 
child would not have been born in the absence of the mistake.29

The parents in these cases may sue for their own damages, such as 
the extra costs of raising a child with a genetic disability compared with 
a normal child, and these suits by parents are called “wrongful birth” ac-
tions and are occasionally successful. But sometimes a claim is brought 
not on behalf of the parents for their losses, but on behalf of the child 
itself, seeking compensation for the child’s losses—the extra medical and 
other expenses that the child will shoulder upon reaching adulthood, 
and the pain and suffering that the child claims to have suffered as a 
result of the defendant’s negligent behavior. These suits on behalf of the 
children are called “wrongful life” actions and, for the most part, have not 
fared well in the courts because of the notion stemming from the Non-
Identity Problem that if the defendants hadn’t been negligent, the result 
would not have been the birth of a normal, healthy child but no child 
at all. In other words, the plaintiff child is arguing that he or she would 
have been better off never having been born. As the California Supreme 
Court put it in one case, Turpin v. Sortini, “it is simply impossible to 
determine in any rational or reasoned fashion whether the plaintiff has 



164  managing risk in evolutionary engineering

in fact suffered an injury in being born impaired rather than not being 
born.”30

But there is another complication to the Non-Identity Problem. To 
say that someone who would not have been born except for someone’s 
wrongdoing has nothing to complain about assumes that the person’s 
quality of life is at least minimally acceptable. Otherwise, it may well be 
argued that, for this person, nonexistence would have been better than 
existence. The Turpin case just mentioned was brought on behalf of a 
child whose only impairment was being born deaf, which didn’t strike 
the court as enough of an affl iction that it would have been better if the 
child had never existed at all. But in an earlier case, Curlender v. Biosci-
ence, which involved a child who was born with Tay-Sachs disease after 
her parents had been told erroneously that they were not carriers of the 
gene for the disease, a court reached the opposite conclusion. In contrast 
to the judge’s reaction in the Turpin case to being born deaf, the judges 
who decided Curlender were struck by the devastating nature of Tay-
Sachs, which a judge in another case described as follows:

Tay-Sachs disease is a fatal genetic disorder that occurs in some children 
and causes the gradual degeneration of the central nervous system. 
While the child appears normal at birth, symptoms inevitably appear 
before the child reaches 8 1/2 months. At fi rst the child is noticeably 
lethargic and development of his motor skills begins to decline. In 
addition, the Tay-Sachs child now becomes hypersensitive to noise. 
Between 12 and 24 months the child becomes blind, experiences petit 
mal seizures lasting for several seconds, is unable to eat because of the 
deterioration of his respiratory and digestive systems, and loses muscle 
strength. By the beginning of the third year, the child is blind, retarded, 
deaf, and completely paralyzed. By 40 months, most Tay-Sachs chil-
dren will die of infections or other complications caused by Tay-Sachs.31

The court in the Curlender case agreed with this judge that if the de-
fendant had not been negligent, the child would not have had to en-
dure “such a short life of excruciating pain, devoid of any redeeming 
benefi ts.”32 The court in Curlender therefore allowed the child to recover 
damages for pain and suffering, asserting that the child “both exists and 
suffers, due to the negligence of others.”33

So the Non-Identity Problem does not make it alright to engineer 
children in harmful ways. If the children’s resulting quality of life is so 
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poor that it can be said that they would have been better off if they had 
not existed at all, or if the children would have been born in a healthier 
state had the parents not engineered them the way they did, then the 
parents cannot escape responsibility.

Previous chapters described how parents might harm their children 
by modifying them in ways that left them grotesquely deformed, seri-
ously ill, severely limited in their options, or treated like pariahs by the 
rest of society. But it is hard to imagine that parents would intentionally 
harm their children in these ways. Why would any parent engineer a 
child so that he or she was ugly? Why would a parent design a child to 
not be smart—so it wouldn’t mind doing menial labor? If parents fash-
ioned a child to excel at something for the parents’ benefi t, who’s to say 
the child wouldn’t benefi t as well? Why is being enhanced in such a nar-
row way that a child is left little choice about what talents to cultivate 
worse than not being enhanced at all? If this narrow enhancement is all 
the parents can afford, is it better instead to leave the child unenhanced?

So the problem is not likely to be that parents deliberately engineer 
their children in ways that the parents know to be harmful, but instead 
that there is disagreement about what types of engineering are in fact 
harmful or that the parents do not engineer children carefully enough, 
acting too hastily or heedlessly and imposing too great a risk of injury 
on them. This leads to the question of how much leeway parents should 
be given to decide what is or is not harmful, and how much risk of harm 
parents can legitimately impose.

As a legal matter, the answer is “plenty.” In terms of making health 
care decisions, for example, judges have upheld parents who refused to 
consent to corrective surgery for a heart defect,34 withheld consent to 
chemotherapy,35 denied permission for psychotropic drugs to be admin-
istered to their mentally ill children even when the parents no longer had 
custody,36 and blocked a spinal tap to detect meningitis in a 5-week-old 
infant.37 Albany Law School professor Alicia Ouellette notes how exten-
sive parental authority is over medical interventions: “Parents have used 
their power to westernize the eyes of their adoptive Asian children, to 
modify the facial features of children with Down Syndrome, to inject 
human growth hormone (HGH) into healthy children, to enlarge the 
breasts of or suck the fat from teenagers, to attenuate the growth and 
remove reproductive organs of a child with disabilities, and to remove 
bone marrow from a nine-year-old girl for use by a brother who sexually 
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abused her.”38 In my book The Price of Perfection, I described the severe 
risks of injury that parents are allowed to expose their children to in 
sports. As Ouellette concludes, “U.S. law allows parents extraordinary 
power over their children’s bodies.”39

What explains this deference to parental decision making? This can 
be partly attributed to tradition, stemming from the time when children 
were viewed as their parents’—or more precisely, their fathers’—property. 
From precolonial times until well into the nineteenth century, states 
family law expert Barbara Bennett Woodhouse, “the father’s power over 
his household, like that of a God or King, was absolute.”40 Historian Mi-
chael Grossberg writes that the law treated children “as assets of estates 
in which fathers had a vested right. . . . Their services, earnings, and the 
like became the property of their paternal masters in exchange for life 
and maintenance.”41 Woodhouse observes that “the father was entitled to 
use the child as a productive asset to herd, spin, farm, or care for younger 
siblings.”42 This extended to discipline as well; fathers could beat their 
children (and their wives) with a stick so long as it was no thicker than a 
man’s thumb,43 which some have suggested was the origin of the phrase 
“rule of thumb,” and in several colonies, children could be put to death 
for hitting and even for cursing their fathers.44 The idea that children 
are the property of their parents has since been abandoned, leading to 
a different justifi cation for parental hegemony—that parents usually are 
in the best position to do what’s right for their children. As the Supreme 
Court stated in a 1979 case, the law historically has recognized “that nat-
ural bonds of affection lead parents to act in the best interests of their 
children.”45 This leads Dartmouth bioethicist Ronald M. Green to argue 
that parents should be given extensive leeway in deciding how to design 
their children: “Parents are best suited to understand and shape the lives 
of their offspring. Their freedom of decision in this area should have pre-
sumptive priority in our moral and legal thinking. Only in extreme cases 
are we warranted as a society in denying them access to the professional 
services they need to realize their choices or in preventing them from 
exercising those choices.”46

Another rationale for deferring to the wishes of parents in designing 
their children is the parents’ fundamental right to reproductive freedom, 
which the Supreme Court has recognized in a long line of cases, includ-
ing Roe v. Wade. Since under Roe parents have the right to abort a fetus 
for whatever reason during the fi rst trimester, it would seem to follow, 
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for example, that they have the right to abort a fetus based on its non-
disease characteristics. Furthermore, although the Supreme Court has 
not considered whether the rights associated with procreation extend to 
assisted reproductive techniques such as egg and sperm donation, IVF, 
and pre-implantation genetic testing, the increasing prevalence of these 
practices suggests that they too may deserve protection under the um-
brella of reproductive freedom. In that case, any attempt by Congress or 
a state legislature to enact a law that interfered with such a fundamental 
right would have to pass an extremely stringent test; the courts would 
have to be persuaded that the law was the “least intrusive means” of fur-
thering “a compelling state interest.”

On the other hand, parents’ decision-making authority over children 
clearly is not absolute. The state has intervened, for example, when par-
ents failed to obtain treatment for a 5-week-old infant with two broken 
arms;47 when a mother exposed a child to secondhand cigarette smoke 
during visitations;48 and when a Norwegian-born mother tried treating 
her seriously burned daughter at home with wheat germ oil, goldenseal, 
comfrey, myrrh, and cold water, rather than taking her to a hospital.49 
Judges also routinely order blood transfusions and other medical inter-
ventions over parents’ religious objections. As the Supreme Court has 
stated, “a state is not without constitutional control over parental dis-
cretion in dealing with children when their physical or mental health is 
jeopardized.”50

So when is the government entitled to intervene in parental decisions 
affecting a child’s health, including decisions about how to engineer chil-
dren genetically? In some situations, courts have ordered parents to act 
in what the court thinks is in the child’s “best interests,” which might be 
deemed to authorize state interference whenever government offi cials 
felt that they knew better than parents what was best for a child. But 
applying the best interests standard to evolutionary engineering would 
risk a repeat of the eugenics movement, where those who thought they 
knew what genes were best for society used involuntary sterilization laws 
and human breeding programs in an effort to improve human stock. 
Furthermore, giving this much power to the government would be in-
consistent with modern principles of parental freedom. It is not surpris-
ing, therefore, that courts have only invoked the best interests standard 
in disputes between parents, such as custody proceedings where both 
parents in a divorce seek child custody, where it serves in effect as a “tie-
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breaker.” As Barbara Bennett Woodhouse notes, it is not employed as a 
decision-making standard in disputes between parents and “strangers,” 
which would include state offi cials.51

The prevailing legal rule instead is much more respectful of parental 
decision-making autonomy: legally, parents can do anything they want 
to their children so long as their actions do not amount to “abuse” or 
“neglect.” A federal law originally enacted in 1974 called the Child Abuse 
Prevention and Treatment Act, designed to improve child protection by 
the states, defi nes abuse and neglect as “at a minimum, any recent act or 
failure to act on the part of a parent or caretaker, which results in death, 
serious physical or emotional harm, sexual abuse or exploitation, or an 
act or failure to act which presents an imminent risk of serious harm.”52 
Despite this federal law, what counts as abuse and neglect for the most 
part is a matter of state law, and although the defi nitions vary somewhat 
from one state to another, they generally include actions that are not 
relevant to evolutionary engineering, such as being cruel, using excessive 
punishment, or involving children in illegal drug activity or pornogra-
phy. However, the abuse and neglect laws also typically forbid parents 
from creating a “substantial risk of serious physical harm” or acting so 
as to “seriously impair or retard the child’s mental health or develop-
ment.”53 State law typically does not defi ne the terms “substantial risk,” 
“serious physical harm,” and “seriously impair or retard,” but it is not too 
much of a stretch to imagine that some efforts at evolutionary engineer-
ing would be seen as abusive or neglectful.

One option, then, would simply be to use the abuse and neglect laws 
to protect children from harmful genetic engineering. In their current 
form, however, it is doubtful that these laws would be able to do the job. 
For example, it is doubtful that these laws apply to a child who is injured 
before it is born, or indeed, before it is implanted as a fetus in the womb, 
which is when the genetic engineering that is likely to be available to par-
ents for the foreseeable future would take place. Laurence McCullough 
and Frank Cherbenak, for example, ask whether “we consider parents’ 
freedom to engineer their children an issue of the rights of an actual 
child, in which case the child has full moral status” and would, for ex-
ample, be protected under the abuse and neglect laws, “or the rights of 
an eventual or future child, in which case they do not?”54 During the ad-
ministration of George W. Bush, Congress passed a federal law known as 
the Unborn Victims of Violence Act that makes it a crime to kill or injure 
an unborn child, but its protection only extends to children “in utero,”55 
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and thus it would not apply to genetic manipulations that took place 
prior to implantation in the uterus. Only one state, Louisiana, designates 
embryos as legal “persons,” and even there, it is not clear that someone 
could be punished under the law for injuring or even destroying an em-
bryo before it was implanted.56 Prosecutors in some states have sought to 
punish women for substance abuse during pregnancy under state child 
abuse and neglect laws, but only one conviction, in South Carolina, has 
been upheld by the courts.57 Moreover, considering embryos to be pro-
tected under the abuse and neglect laws might lead to restrictions on a 
woman’s right to an abortion that would be inconsistent with current 
constitutional doctrine.

Another problem with applying the approach used in state abuse and 
neglect laws is that these laws only speak in terms of risk, and not in 
terms of a balancing of risks and benefi ts. Parents are prohibited from 
creating a “substantial risk of serious physical harm” to their children, 
but can a substantial risk be offset by the prospect of an even greater 
benefi t? Suppose, for example, that a genetic modifi cation carried with 
it a 10 percent risk of causing serious physical harm to a child but also 
had a 90 percent chance of conferring substantial benefi t, such as mak-
ing the child much smarter and more creative. Since a 10 percent risk of 
serious physical harm is unquestionably a “signifi cant risk,” would par-
ents be guilty of abuse and neglect regardless of the potential benefi t to 
the child? On the face of these laws, the answer would appear to be “yes.”

Interestingly, the AMA has taken a position on genetic engineering 
that is pretty close to considering risks and ignoring benefi ts. In a note-
worthy exercise in long-range thinking, the AMA’s Council for Ethical 
and Judicial Affairs in 1994 deliberated about the circumstances, if any, 
in which it would be ethical for physicians to genetically enhance chil-
dren. In the council’s view, “efforts to enhance ‘desirable’ characteristics 
through the insertion of a modifi ed or additional gene, or efforts to ‘im-
prove’ complex human traits—the eugenic development of offspring—
are contrary not only to the ethical tradition of medicine, but also to 
the egalitarian values of our society. Because of the potential for abuse, 
genetic manipulation to affect nondisease traits may never be accept-
able and perhaps should never be pursued.” The council went on to state 
that “if it is ever allowed, at least three conditions would have to be met 
before it could be deemed ethically acceptable: (1) there would have to 
be a clear and meaningful benefi t to the person, (2) there would have to be 
no trade-off with other characteristics or traits, and (3) all citizens would 
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have to have equal access to the genetic technology, irrespective of in-
come or other socioeconomic characteristics.”58 The second condition—
no trade-off with other characteristics or traits—seems to embody the 
risk-only approach suggested by the literal language of the abuse and ne-
glect laws; a genetic manipulation would have to be all benefi t, since any 
risk would entail a trade-off of some sort. Another example of a risk-only 
approach is the proposition put forward by Susann Baruch of the Genet-
ics and Public Policy Center that “new [genetic engineering] technology 
must be shown to be no more risky than the normal process of concep-
tion and birth,”59 regardless, it would appear, of any potential benefi ts.

And yet, in the belief that the benefi ts are worth it, parents routinely 
subject children to what arguably are substantial risks of serious harm 
without being accused by the authorities of abusing or neglecting them. 
The prime example is the benefi t from sports activities. A recent study 
found that between 2001 and 2005, half a million children in the United 
States between 8 and 19 went to the emergency room for concussions, 
and that half of these injuries were sports related. Although participa-
tion in team sports declined between 1997 and 2007, the number of 
emergency room visits for 8- to 13-year-old kids with concussions sus-
tained in team sports doubled, while they increased by more than 200 
percent for kids aged 14 to 19.60

At elite levels, young children often continue to compete despite 
being hurt. In The Price of Perfection, I described the ordeal that some 
young female gymnasts might endure if they want a shot at the Olym-
pics, as depicted in a program on CNN in 2003. The program followed a 
group of 7- to 11-year-old aspiring gymnasts in Pennsylvania. These girls 
practiced six days a week, 50 weeks a year. At the competition to select 
those who would go on to the national level, one 7-year-old completed 
her routine despite having torn ligaments and an ankle broken in two 
places. Later in the year she broke her other ankle, which may have cost 
her a shot at the Olympics. Another competitor landed on her head dur-
ing practice, resulting in what she referred to as “a little bit of a concus-
sion,” and she later competed in the selection contest despite tendinitis, 
fever, and infl ammation of the growth plate in her heel. Two of the chil-
dren  selected for Olympic grooming after the tryout ended up missing 
the U.S. championship competition as a result of injuries, one because 
she broke her hand during practice, the other because she broke her leg.

The parents of these children may have been indifferent to the inju-
ries, they may have considered the kids as instruments for satisfying the 
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parents’ own need for fame and fortune, or they may have felt that the 
potential rewards of competing in and perhaps winning the Olympics 
were worth the harm that their children suffered. Yet while these sorts 
of parents are often criticized by child advocates, so far as I know none of 
them have been found unfi t or liable for abuse and neglect on account 
of the sports risks that they permitted their children to experience. This 
strongly suggests that, as far as the law is concerned, risks are not the 
only factor to be taken into account.
i
Another reason to interpret the abuse and neglect standard to permit 

consideration of benefi ts as well as risks is that this is the approach that 
the law takes when parents make medically related decisions for their 
children. The legal rules governing the participation of children in medi-
cal experiments, for example, recognize that the children themselves are 
unlikely to be able to protect themselves in these situations, and the 
rules therefore establish a fairly rigorous system of oversight. The par-
ents must give their permission, and the child is also asked to assent if he 
or she is mature enough. In addition, however, the investigators, the gov-
ernment in the case of certain types of studies, and a committee at the 
study location called the Institutional Review Board all must agree that 
the risks of being a subject are acceptable. If the rules took an approach 
that was indifferent to the potential benefi ts from the experiment, they 
might be interpreted to prohibit children from participating in studies 
that created more than a trivial risk of harm to them. Instead, the rules 
allow children to serve as subjects in more dangerous studies so long 
as the children stand to gain a direct benefi t and the benefi t is deemed 
to outweigh the risk.61

The law also weighs risks and benefi ts when parents make treatment 
decisions for their children. As stated earlier, no medical intervention 
is completely safe, and therefore there is always a risk that patients will 
suffer adverse effects, including results so severe that they would have 
been better off had they not been treated. Competent adults are allowed 
to judge for themselves whether the risks are outweighed by the poten-
tial benefi ts, and parents are permitted to make the same calculation on 
behalf of their children. Once again, parents are not confi ned to giving 
their children medical care that presents no serious risks; they can resort 
to interventions that are quite dangerous if they have the potential to 
confer suffi cient benefi t.

Relying on the actual abuse and neglect laws to protect children from 
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inappropriate evolutionary engineering therefore is problematic because 
the laws may not extend to modifi cations made to early-stage embryos 
and because on their face the laws only consider risk and not offsetting 
benefi t. Nevertheless, the substantial risk standard that they incorporate 
can serve as a good starting point for creating a new law that specifi cally 
addresses the hazards to children posed by evolutionary engineering. To 
begin with, the “substantial risk” standard says that parents can modify 
their children any way they wish so long as they do not create a sub-
stantial risk of harm to the child; a risk that is highly remote, or a risk 
of trivial harm, should be of no concern to anybody but the parents and 
the doctors and other health care professionals who assist them. (The 
law would expect the health care professionals to reduce even minor or 
remote risks as much as possible, however.) If the modifi cation did pose 
a substantial risk of harm to the child, the parents should still be allowed 
to opt for it so long as the risk was outweighed by a suffi cient amount of 
potential benefi t. But this assumes that the risks and benefi ts are clearly 
understood and that there is agreement on whether the benefi ts out-
weigh the risks. How do we protect children from modifi cations where 
the ratio of risks and benefi ts is unclear or controversial? Yale law pro-
fessor Bruce Ackerman takes the position that any genetic modifi cations 
should be allowed except those that would be considered “disadvanta-
geous by every member of the generation already in existence.”62 In other 
words, there would have to be unanimous agreement that an installed 
trait was harmful before society would have the right to interfere with 
parental decisions.

A better rule might be to allow parents to engineer their children 
in any way that they wished except in ways that no reasonable parent 
would think provided a net benefi t to the child. This rule differs from 
Ackerman’s in two important respects. First, it considers matters from 
the unique perspective of parents. People who have never been parents 
may not adequately consider the parents’ legal and ethical responsibili-
ties to their children, as well as the delicate balance that parents try to 
maintain between being overly controlling and giving children too much 
leeway to make mistakes. Furthermore, an evolutionary intervention 
that might be appropriate for competent adults to choose for themselves 
might not be appropriate for their children, either because it was too 
risky or because it represented too much of a limitation on a child’s fu-
ture independence. A second difference between Ackerman’s approach 
and the rule I am suggesting is that Ackerman would seem to require 
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us to conduct empirical surveys of people’s attitudes toward specifi c ge-
netic modifi cations, since in theory one positive response would make 
a modifi cation acceptable. The “no reasonable parent” standard on the 
other hand does not refer to the beliefs of actual persons, but instead to 
a hypothetical “reasonable parent” whom we all wished we had had or 
could be. Moreover, the “reasonable person” standard is very familiar 
to the law, which has used it successfully to help ordinary folks, usually 
members of a jury, fi gure out how they think a person ought to behave. 
Therefore, we end up with the following rule: Parents should be allowed 
to genetically engineer a future child except in ways that no reasonable 
parent would choose or that would expose the child to a substantial risk 
of serious bodily or mental harm or impairment that is not outweighed 
by the potential benefi t to the child.

This rule has a number of features to commend it. It gives deference 
to parents’ decisions about what types of children they want, which is 
consistent with the well-established principle that parents are entitled 
to a great deal of freedom when it comes to controlling their children’s 
upbringing. In addition, the rule relies on two concepts, “reasonable” 
and “substantial,” that, while incapable of precise defi nition, are com-
monly used in the law, and that by their very indeterminacy provide fl ex-
ibility so that the rule can adapt to new engineering technology. After 
all, a change that no reasonable parent would attempt at the present 
time may become reasonable in the future after further research. Fur-
thermore, the rule does not single out specifi c types of genetic engineer-
ing for special approbation. Nothing is categorically forbidden, neither 
germ line modifi cation nor combining human and animal DNA. So long 
as a reasonable parent would use the technology and it does not pres-
ent a signifi cant risk of substantial harm to the child that is not out-
weighed by the benefi t, then in terms of protecting the child, there is no 
need to interfere with the parents’ choice. Of course, this is not to say 
that germ line modifi cation or the creation of an animal-human hybrid 
should now be permissible; a good argument can be made that neither 
is safe enough to try at this time. But we can certainly envision a future 
in which they became suffi ciently safe to be allowable. Finally, although 
the rule is highly deferential to parents, it does not give them the fi nal say. 
Society reserves the right to overrule parental decisions when necessary 
to protect children from unreasonable harm.

One remaining question is what should count as “genetic engineer-
ing” so that it is covered by this rule. As chapter 3 explained, many forms 
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of reproductive behavior can affect the genes of children and their de-
scendants, including a number of techniques that are widely available 
now, such as courtship and mating decisions, genetic testing of prospec-
tive parents, the use of donor eggs and sperm, and the testing and selec-
tion of embryos fertilized in vitro. Any of these has the potential to cause 
harm to an eventual child. Persons with genetic mutations that produce 
Down syndrome or other physical or mental disabilities who mated with 
others who had the same mutations would increase the risk that their 
children would also have the mutation, compared with conceiving a child 
with someone who did not have it. Egg and sperm donors can have ge-
netic disorders. Parents have implanted embryos after testing them to 
make sure they are suitable bone marrow donors and then donated bone 
marrow to siblings after they are born, a procedure that carries with it 
both health risks and discomfort. Pre-implantation genetic testing in-
creasingly is being used for nonmedical purposes, such as selecting the 
sex of the embryos to be implanted, although the government agency in 
Britain that regulates fertility clinics will not allow parents to select their 
child’s sex unless in order to prevent the transmission of a genetic dis-
order that is carried on the X or Y sex chromosome.63 While all of these 
interventions have an impact on the genetic makeup of future genera-
tions, their impact is limited, since the choices they represent all involve 
existing genetic combinations. This provides a measure of comfort that 
the parents’ decisions will not cause substantial physical harm to their 
offspring or deliberately modify them in bizarre ways. This is not the 
case, however, with genetic manipulations that actively alter children’s ge-
netic material, namely, the addition, deletion, or manipulation of DNA. It 
therefore seems appropriate to limit our discussion, and the rule recom-
mended previously, to the latter forms of evolutionary engineering.

Establishing the proper rule by which to judge parental decisions and 
determining which engineering decisions it should cover, however, are 
only the fi rst steps in protecting children from harm. The rule also must 
be capable of being enforced. This will not be easy. Once engineering 
technologies are available on the open market, controlling their use be-
comes very diffi cult. Therefore, it might seem sensible to try to prevent 
objectionable types of evolutionary engineering from being developed in 
the fi rst place. But the government has relatively little control over basic 
scientifi c research. At the federal level, the government’s main leverage 
is money: it can refuse to fund objectionable research, such as the fed-
eral ban on funding stem cell research in which human embryos are de-



Protecting the Children  175

stroyed (the Dickey-Wicker Amendment) or NIH’s embargo on funding 
human germ line or genetic enhancement experiments, mentioned ear-
lier. However, while funding restrictions like these can slow advances in 
evolutionary engineering, they are unlikely to halt them indefi nitely. Pri-
vate industry, which now spends more than twice as much as the federal 
government on research and development, will step in if it anticipates 
that there is money to be made, as is likely to be true in this case.64 In ad-
dition, state governments may provide research funding, as they did in 
connection with stem cell research banned by the Bush administration. 
Moreover, it is worth repeating that the same basic science that would 
make it possible to engineer the human future would be instrumental in 
conquering disease and disability. Not even the most extreme opponents 
of evolutionary engineering are likely to possess enough political clout 
to thwart medical progress, even assuming that they wanted to. So it is 
safe to assume that, one way or another, the basic technologies for en-
gineering evolution will emerge. Protecting children therefore will have 
to depend on regulating how these technologies are developed and how 
they are used, rather than on deciding whether or not they are allowed 
to come into existence in the fi rst place.

One way that parents employing evolutionary engineering could im-
pose unreasonable risks of harm on children would be by allowing them 
to participate as research subjects in overly dangerous genetic engineer-
ing experiments. A fairly elaborate set of legal protections exists to pro-
tect children serving as subjects in biomedical research, but it is not clear 
that they would cover experiments on germ line genetic engineering, 
since in these experiments the initial subjects would not yet be children, 
but instead embryos, eggs, or sperm. Currently there are no federal rules 
in the United States concerning research on human eggs or sperm. A 
strong argument can be made that so long as research is restricted to 
these reproductive cells and they are not fertilized and allowed to be-
come embryos, there is no need to provide legal protections for them; 
even the staunchest pro-life advocates stop short of conferring a right to 
protection on mere cells.

There also are no research protections for the men and women who 
donate eggs and sperm for purposes of experimentation. Although the 
focus here is on the need to protect the experimental subjects rather 
than their progenitors, it is worth pointing out that there have been calls 
for greater protections for donors, especially for women who donate 
their eggs. For example, although women are allowed to sell their eggs to 
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fertility clinics and infertile couples, some object to compensating them 
for providing eggs for research, especially if the women are poor,65 since 
they might be induced to ignore or downplay the health risks inherent 
in the donation process, such as ovarian hyperstimulation syndrome, 
which can be life threatening.66 Accordingly, the NAS has issued guide-
lines that prohibit making payments to women who provide eggs for use 
in research, beyond reimbursing them for their medical expenses, travel, 
and lost wages,67 and California and Massachusetts have made this pro-
hibition a matter of state law.68

Not everyone agrees that women should be deprived of the freedom 
to sell their eggs, however. After all, since everyone else involved in the 
research enterprise can make money—the experimenters, the fertility 
clinics that harvest the eggs, and the companies that market the out-
comes of successful experiments—why shouldn’t the women who donate 
the eggs? The Ethics Committee of the State of New York’s Empire State 
Stem Cell Board has therefore adopted a resolution that would allow 
researchers to compensate women who provided their eggs for research 
at the same rate that they would be paid if their eggs were to be used for 
reproductive purposes,69 about $10,000 per extraction cycle.70

Experiments designed to ascertain the safety of evolutionary engi-
neering cannot stop with the genetic manipulation of eggs or sperm, 
however. To be able to produce children with desired traits, the altered 
reproductive cells must be capable of being fertilized and then of divid-
ing and maturing. As Johns Hopkins bioethicist Ruth Faden explains, 
“The only way to confi rm that laboratory-created sperm or eggs are 
functional is to use them in the creation of embryos.” In order to be cer-
tain that an experimental embryo would be able to develop into a child, 
the general rule is that they must survive at least until they reach what 
is known as the “blastocyst” stage, about 100 cells. “There’s no way to get 
around that step,” says Faden.71

Yet, there are surprisingly few rules governing research on human em-
bryos. Creating embryos solely for research purposes, after which they 
would be frozen or destroyed, is illegal in eight states (Massachusetts, 
Michigan, Missouri, Montana, North Dakota, Oklahoma, Pennsylvania, 
and South Dakota72), but aside from the Dickey-Wicker Amendment 
mentioned earlier that prohibits the use of federal funds for such re-
search, there are no federal restrictions. This laissez-faire attitude at the 
federal level is perplexing in view of the pro-life lobby’s insistence that 
life begins at conception, but it may be attributable to the diffi culty of 
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determining precisely what protections, if any, embryos should receive. 
Some legal authorities, for example, regard embryos merely as prop-
erty.73 Beyond the federal government, guidelines for embryo research 
are also lax. Aside from prohibiting payments to cell donors, guidelines 
for stem cell research adopted by both the NAS and the University of 
Michigan merely require that the donors give their consent for the result-
ing blasto cysts (early-stage embryos) to be used in research.74 Perhaps the 
idea is that since embryos themselves are not entitled to very much pro-
tection, the people who donate the cells used to create them can provide 
what little protection is needed by exercising the right to withhold their 
consent to the use of the embryos in ethically inappropriate experiments. 
As long as the embryos do not survive very long, that may be fi ne. Re-
call that the British HFEA can even license researchers to create animal-
human embryos so long as the embryos are destroyed before they are more 
than 14 days old.75 Other countries have enacted more restrictive laws, 
however. Austria, Denmark, Germany, Spain, Finland, France, Greece, 
Ireland, Netherlands, and Portugal prohibit creating embryos specifi -
cally for research purposes.76 Brazil only permits research on embryos 
that have been frozen for at least three years,77 presumably because the 
length of cryostasis signifi es a lack of interest in bringing them to term.

Determining the effects of genetic modifi cations on future children, 
however, requires research that goes beyond experiments in which the 
development of embryos is intentionally arrested before they develop 
too far. To assess the effects on actual children, there must be experi-
ments in which the engineered embryos are implanted in the womb and 
allowed to develop further. Once an embryo is implanted into a woman’s 
womb, however, it becomes a fetus, which alters its legal status signifi -
cantly and triggers a number of restrictions on experimental use. These 
restrictions are contained in a set of federal regulations that were ad-
opted following revelations in the press in 1972 about the U.S. Public 
Health Service syphilis experiment at Tuskegee. In that experiment, 
which began in 1932, 410 African American men in rural Alabama who 
had contracted syphilis were left untreated and followed in order to chart 
the course of the disease. The men were not told that they had syphilis, 
and more important, they were not given penicillin in the 1950s after it 
had been shown to be an effective cure. By the time the study was termi-
nated, all but 72 of the subjects had died. In response to the furor that en-
sued when the press accounts appeared describing the experiments, Con-
gress established a federal commission to devise legal rules for protecting 
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human experimental subjects. The commission presented its fi ndings in a 
document called the Belmont Report, named after the inn and conference 
center where the report was written, and when regulations embodying its 
recommendations were jointly adopted by 18 federal agencies, they be-
came known as the “Common Rule.”

The Common Rule requires experiments using human subjects to be 
approved by institutional review boards (IRBs) at the sites that conduct 
the research, mandates that subjects give their informed consent to par-
ticipate in experiments, and prescribes that the risks to the subjects must 
be outweighed by the potential benefi ts from the study. The Common 
Rule also provides special protections for certain so-called vulnerable 
populations, one of which is fetuses. As the regulations now stand, fe-
tuses may serve as research subjects, but if they are exposed to more than 
a minimal risk of harm, the study must hold out the prospect of direct 
benefi t to the fetus.78 In other words, the experiment cannot be aimed at 
generating knowledge that will be used to help others but will not ben-
efi t the experimental subjects themselves. In addition, parents must give 
their consent for fetuses to participate in studies, and pregnant women 
whose fetuses serve as subjects may not be given any inducement to ter-
minate their pregnancies.79

To ensure that genetic modifi cations were made successfully, how-
ever, experimentation ultimately must extend past the cellular, embry-
onic, and even fetal stages to include the birth of live children. As noted 
earlier, the Common Rule establishes special protections for children 
used as experimental subjects that are similar to the protections for fe-
tuses. Again, the parents must give their permission, but so must the 
children if they are mature enough, and if the study presents more than 
a small risk of harm, children can serve as subjects only if they stand 
to benefi t directly or if a special federal panel fi nds that “the research 
presents a reasonable opportunity to further the understanding, preven-
tion, or alleviation of a serious problem affecting the health or welfare 
of children.”80

While the protections afforded by the Common Rule may seem sub-
stantial, there are serious concerns about how well they protect subjects. 
For example, a group of experts led by Ezekiel Emanuel, the head of 
bioethics at the Clinical Center of the NIH, states that “almost no one 
feels satisfi ed with protections for human participants in clinical re-
search.” These experts identify a number of problems, including that the 
process of IRB review is overly bureaucratic and ineffi cient.81 IRBs also 
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have been criticized for being overworked and understaffed and making 
an insuffi cient effort to monitor studies once they’ve started, while their 
members have been reproached for having confl icts of interest, lacking 
adequate training, and being inconsistent and nitpicky in their reviews.82

But even if IRBs and the rest of the current components of the Com-
mon Rule system worked fl awlessly, their ability to protect children in 
experiments on evolutionary engineering would be limited, since the 
Common Rule contains no protections for reproductive cells or early-
stage embryos that were altered experimentally before they became fe-
tuses or children. New rules therefore are needed to cover experiments 
on reproductive cells and embryos, and these rules must go beyond the 
protections called for in NAS guidelines described earlier, since those 
guidelines are only intended to apply to embryos that are discarded after 
being used in research, and not to embryos that are implanted in the 
womb and brought to term. A starting point for these new rules could be 
the standard formulated earlier to protect children; employing this stan-
dard, parents would be permitted to experiment with reproductive cells 
or embryos except in ways that no reasonable parent would choose or 
that would expose a resulting child to a substantial risk of serious bodily 
or mental harm or impairment that was not outweighed by the potential 
benefi t that the experiment offered the child.

At present, the federal protections for human subjects embodied by 
the Common Rule apply only in two types of experiments: those that are 
funded by the U.S. government, and those that are submitted to the FDA 
in support of an application for permission to market a drug or other bio-
medical product that the agency regulates. The FDA has asserted juris-
diction over human genetic manipulation, regarding it as falling within 
the defi nitions of both “drugs” and “biologics” in the Federal Food, Drug, 
and Cosmetic Act,83 but the agency’s regulatory authority on this subject 
has not yet been tested in the courts. The problem is that the FDA does 
not have the statutory authority to regulate “the practice of medicine,”84 
and genetic engineering might be considered to be more like a practice 
and less like a product under the agency’s purview. If the FDA is deemed 
not to have the authority to regulate genetic engineering under the cur-
rent law, then it will have no ability to regulate either government- or 
privately funded genetic engineering research on human subjects, in-
cluding embryos, unless the law is changed. It is possible, though, that 
in order to reduce the risk of being sued by subjects claiming that they 
had been harmed by participating in unacceptably dangerous studies, 
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private companies might design their genetic engineering experiments 
to fulfi ll the requirements of the Common Rule even if they were not 
required to do so by FDA law; when the NIH required gene experiments 
that it funded to be approved by its Recombinant DNA Advisory Com-
mittee, for example, private sponsors also submitted their studies to the 
committee for review.

Another factor in determining if the FDA will be able to regulate 
evolutionary engineering experiments funded by the private sector is 
whether the private sector will consider the development of evolution-
ary engineering technology to be suffi ciently lucrative to justify the es-
timated $1.2 billion that it costs on average to develop a new biotech 
product,85 including the costs of getting it through the FDA’s regulatory 
process. At fi rst blush, it might seem obvious that the demand for ways 
to enhance children’s genes would be so great that private entrepreneurs 
would fl ock to satisfy it and that the profi ts they would reap would more 
than compensate them for their expenditures on research and develop-
ment. But a company’s ability to profi t from a technology depends on 
whether it can prevent other companies from marketing the same tech-
nology without paying for the costs of research and development, and 
this typically requires that the fi rst company have exclusive marketing 
rights to the product, namely, a patent.

The idea of private ownership of biological building blocks such as 
genes, however, is highly controversial. Nicholas Thompson, a fellow at 
the New American Foundation, writes that “gene patents are different 
from other patents. Biotech companies are not just putting fi sh genes 
in tomatoes to make them grow in cold weather; they’re manipulating 
and owning parts of humans that have existed since well before the fi rst 
hominid speared his fi rst antelope. Furthermore, all of the research, 
from the machines used to sequence genes to the actual structure of the 
genome, is based in large part on a $15-billion investment by the public 
in the National Institute of Health’s Human Genome Project.” Thomp-
son adds that “right now, the patent offi ce is our only instrument for 
policing the gene industry, but the agency is unarmed and patrolling on 
foot.”86 In 2010, the federal courts joined the fray when a district court 
judge in Manhattan invalidated seven patents on the breast cancer genes 
BRCA1 and BRCA2 owned by Myriad Genetics on the grounds that the 
subject matter of the patents was an unpatentable “law of nature.”87 If 
patents on genes are not upheld by the courts, private industry would be 
far less likely to seek FDA approval for new genetic engineering technol-
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ogies, and this would limit the agency’s opportunities to regulate human 
engineering experiments.
i
Apart from the need to regulate human experimentation, an approach 

is also required for determining if suffi cient research has taken place to 
make it appropriate to use evolutionary engineering technology outside 
of the experimental context. Gregory Stock recommends letting parents 
make this determination for themselves. “The law is a blunt instrument 
when it comes to the nuances of individual situations,” observes Stock, 
“and it will seem ever more out of touch as our choices become subtler. 
Imagine having to seek permission for the timing of your child’s birth, 
laying out your reasoning and pleading your case. The most even-handed 
committee would seem oppressive, because the process would be so in-
trusive. I suspect we would do better to rely on parental decisions, unless 
consensus exists that there is a likelihood of serious harm.”88

The problem, of course, is precisely the risk of serious harm to engi-
neered children that evolutionary engineering creates. Parents are un-
likely to have the expertise to enable them to understand the risks and 
to make an informed choice about whether or not to impose them on 
their offspring. Most laypeople lack even a rudimentary understanding 
of basic scientifi c and medical issues. A professor at Northwestern Uni-
versity who surveys U.S. adults to determine their knowledge of science, 
for example, reports that “American adults in general do not understand 
what molecules are (other than that they are really small). Fewer than a 
third can identify DNA as a key to heredity. Only about 10 percent know 
what radiation is. One adult American in fi ve thinks the Sun revolves 
around the Earth, an idea science had abandoned by the 17th century.”89 
On top of their ignorance about science, people are too vulnerable to 
marketing ploys by unscrupulous providers. Remember 23andMe, the 
company mentioned in the introduction that sells 116 genetic tests 
over the Internet? The kit includes tests for traits such as “avoidance of 
 errors,” height, longevity, intelligence, pain sensitivity, “odor detection,” 
and “breast-feeding and IQ,” which might be of interest to parents seek-
ing to decide which of a number of IVF-produced embryos to implant. 
Yet the company admits that only 30 of the 116 tests it sells have been 
shown to be valid, including none of the ones just listed.

An alternative is to rely on the geneticists, fertility specialists, and 
other health care professionals who provide the technical engineering to 
steer parents away from inappropriate modifi cations. This may provide 
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parents with a source of expertise, but there is a serious risk that these 
professionals would act in their own self-interest to maximize their in-
come rather than discourage parents from pursuing overly dangerous 
engineering objectives. According to the Center for Science and Genet-
ics, the fertility industry, which is likely to provide most of the engineer-
ing services, is a huge business, generating more than $3 billion of rev-
enue annually. A thriving trade in genetic engineering would swell these 
coffers even more.

There is clearly a need, therefore, for government regulation. The 
government already regulates genetic engineering of animals and plants. 
Before a manufacturer can create a new type of genetically engineered 
plant, it must fi rst obtain a permit from the Department of Agriculture’s 
Animal and Plant Health Inspection Service. (Certain crops with a long 
history of safe genetic engineering, such as corn, cotton, potatoes, to-
matoes, and tobacco, can be modifi ed after the agency has merely been 
notifi ed.) To obtain a permit, the manufacturer must demonstrate that 
it knows the function of the new genetic material that it proposes to add 
to the plant genes and that the added material will not produce disease 
in plants or poisons, will not be used to manufacture drugs or indus-
trial raw materials, and does not derive from a known human or animal 
pathogen. The FDA regulates genetically modifi ed foods and animals 
whose genes have been modifi ed to make them living drug factories. 
For example, the FDA determines whether a genetically modifi ed food 
is equivalent in terms of nutritional value and safety (especially by not 
being allergenic) to the traditional food it supposedly improves upon. If 
it isn’t, then the manufacturer must obtain FDA approval to market the 
food, and the agency can take a product off the market if it later turns 
out to be unsafe. Under the Animal Protection Act, the Department of 
Agriculture has the authority to quarantine or restrict the movement of 
genetically modifi ed animals that pose health or safety risk to humans or 
other animals.90 The EPA regulates plants that are genetically engineered 
to be pest resistant, such as the StarLink corn mentioned in chapter 3. A 
manufacturer wishing to engineer a plant must get an Experimental Use 
Permit before conducting fi eld testing, and the EPA must be satisfi ed 
with the fi eld test results before granting marketing approval.

In terms of human evolutionary engineering, the FDA rather than 
the Department of Agriculture or the EPA would be the logical regula-
tory agency. As discussed earlier in connection with the regulation of 
human experimentation, there is some question whether it has legal au-
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thority over these technologies, but if the agency’s position is disputed 
by organized medicine, Congress could always pass a new law expand-
ing the agency’s authority to cover genetic engineering, although opposi-
tion from physician groups, who fi ercely protect what they view as their 
professional prerogative to practice medicine without FDA interference, 
could make this politically diffi cult.

Even if the FDA’s jurisdiction to regulate the safety of evolutionary 
engineering were clear, however, there would be no guarantee that it 
would do an adequate job of protecting children. Early on, in part in 
order to encourage the burgeoning U.S. biotech industry, the agency 
took the view that recombinant DNA and other genetic manufacturing 
techniques raised no special safety concerns distinct from other methods 
of production. As a result, the FDA has received a lot of criticism over its 
handling of genetically modifi ed foods, or as critics call them, Franken-
foods. This calls into question whether the agency would be committed 
to adequately policing human genetic engineering.

Most recently, the agency was embroiled in a controversy over its plan 
to permit a company to market the fi rst genetically modifi ed animal for 
human consumption, a salmon called AquAdvantage. This fi sh grows 
twice as fast as a normal Atlantic salmon, owing to the addition of two 
foreign genes: one from the Chinook salmon which produces growth 
hormone, and the other from an eel-like fi sh called the ocean pout which 
acts as an antifreeze. Normal Chinook salmon stop producing growth 
hormone when the weather gets cold, but the pout gene enables the 
modifi ed salmon to continue to produce the hormone all year long. As a 
consequence, fi sh can reach market size in 18 months instead of the usual 
three years.91 Anti-Frankenfi sh forces are particularly miffed because the 
agency claims that it cannot require the salmon to bear a label identify-
ing it as having been genetically engineered, and because the agency will 
not allow unmodifi ed farmed fi sh to be labeled as being nonengineered 
either, since that would imply that the natural fi sh was healthier, which 
the agency says has not been shown to be the case.92

One Las Vegas restaurant chef thinks consumers might accept the 
modifi ed salmon if it was less expensive. “There are people who will pur-
chase it because we are in an economic hardship,” he explained. “But 
what concerns me more is that this will open up a fl oodgate of people ge-
netically modifying like proteins and other meat we are eating.”93 Other 
chefs think customers will reject it. One of them says the fi sh “sounds 
kind of weird,” adding, “We have people ask all the time where the food 
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is from. I think customers want to know where the cheese or the pork or 
the mushrooms are coming from. . . . I think with the big green move-
ment over the past couple of years, they’d be against [genetically modi-
fi ed salmon].”94 Other chefs raise broader concerns. “There is no way I 
would be interested in serving [genetically modifi ed] salmon,” says one 
chef from Oregon. “The eventual damage to the environment would be 
catastrophic. Scientists say they have sterilized the GMO [genetically 
modifi ed organism] fi sh, but eventually one will adapt and destroy the 
natural process.” Another chef concedes that “we need a sustainable way 
to farm-raise fi sh because the oceans cannot keep up with human con-
sumption.” Genetically engineered salmon, he says, is not the answer, 
however. “As soon as the government allows a corporation to patent a 
method of raising fi sh, there is a certain stranglehold on the fi sh supply 
in the future.”95 The manager of one fi sh market in Chicago is suspicious 
of the underlying science. “How can they grow that much faster with less 
feed?” he asks. “I don’t think I could trust something like that.”96

In part because of the FDA’s relaxed stance toward genetically modi-
fi ed food, Frances Fukuyama and Franco Furger propose that genetic 
engineering and new reproductive technologies should be regulated 
by an independent federal commission whose members would be ap-
pointed by the president and confi rmed by the Senate.97 Their proposed 
commission resembles the bioethics advisory committees appointed by 
Presidents Clinton, Bush, and Obama, but with a regulatory rather than 
merely an advisory function. Fukuyama and Furger take pains to insist 
that their commission would be immune to “the political and adminis-
trative pitfalls into which regulation on controversial matters easily falls,” 
but they fail to explain how they would accomplish this. On the contrary, 
their call for presidential appointment and Senate confi rmation would 
ensure that the members of the commission were political appointees 
whose beliefs conformed to the prevailing ideology within the Beltway, 
the way President Bush’s Council on Bioethics, of which Fukuyama was 
a member and Leon Kass the chairman, refl ected conservative religious 
beliefs. Indeed, Fukuyama and Furger seek to perpetuate their conser-
vative bias by insisting that certain technologies should be banned from 
the outset, urging Congress to prohibit “reproductive cloning, germline 
genetic modifi cations, and certain forms of human-animal chimeras and 
hybrids.”98 A new bureaucratic entity to regulate evolutionary engineer-
ing may indeed do a better job than the FDA, but Fukuyama and Furg-
er’s is likely to be unduly politicized and inordinately restrictive.
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Whether genetic engineering is regulated by a new body or the FDA, 
a key question is what kind of experimental data should be required to 
show that a new step in evolutionary engineering would not place chil-
dren at an undue risk of harm. Some critics go so far as to claim that 
adequate information is impossible to obtain. “[B]iological character-
istics or traits usually depend on the interactions among many genes,” 
argues the Council for Responsible Genetics, “and these genes are them-
selves affected by processes that occur both inside the organism and in 
its surroundings. This means that scientists cannot predict the full ef-
fect that any gene modifi cation will have on the traits of people or other 
organisms.”99 The AAAS is not quite that pessimistic but nevertheless 
insists on the need for data demonstrating that “an altered embryo [is] 
able to transit all human developments without a mishap due to the 
induced intervention. And for those techniques that add foreign mate-
rial, there must be multigenerational data showing that the modifi ca-
tion or improvement of a specifi c genetically determined trait is sta-
ble and effective and does not interfere with the functioning of other 
genes.”100 Lest this statement be interpreted to mean that the AAAS 
thinks this information will be readily obtainable, the AAAS report ob-
serves that “many members of the working group, including several of 
the scientists, question whether we will ever have enough confi dence 
in the safety of IGM [inheritable genetic modifi cations] to proceed to 
clinical use. This assessment led some to conclude that it would never be 
scientifi cally and ethically appropriate to begin human applications until 
we can surmount this problem.”101 Scientists need to work out what test-
ing would be able to predict the effects of genetic engineering on children. 
But there is no reason to believe that this technical problem is any more 
insurmountable than the other hurdles that evolutionary engineers face. 
The position espoused by the working group members whom the AAAS 
statement refers to is too categorical to be considered sound public policy.

But the nagging problem remains: how do we prevent parents from 
jumping the gun and exposing children to unreasonable harm before the 
risks of evolutionary engineering are suffi ciently well understood and 
appropriately minimized? The problem is complicated by the realization 
that some parents, such as fervent transhumanists, may be far less reluc-
tant than others to pursue dangerous engineering options. One of the dir-
est threats to children may be from cults. Cults have a history of prolonged 
confl ict with the authorities over how cult members treat their children. 
The Branch Davidians, the group whose compound in Waco, Texas, was 
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raided by federal agents in a violent confrontation in 1993, fi rst came to 
the attention of law enforcement when they were suspected of illegally 
selling automatic weapons, but what prompted the raid itself were allega-
tions that the leader of the cult, David Koresh, was having sex with under-
age girls. The allegations turned out to be true, with the sex taking place 
with the consent of the children’s parents. (Koresh is said to have justifi ed 
his actions on the basis that his children would rule the world following 
the “end time,” as foretold in Revelations.102) Fundamentalist Mormons, in 
addition to running afoul of laws against polygamy, have been accused of 
statutory rape for marrying and having children with young girls.103

Nor is sexual abuse the only type of harm that the children of cults suf-
fer. In a bizarre incident in 2002, Jacques Robidoux was convicted of fi rst-
degree murder for allowing his 1-year-old child Samuel to starve to death. 
As related by Catherine Wessinger, a professor of the history of religion at 
Loyola University in New Orleans, “a sister of Jacques Robidoux who was 
stout and plain had received a revelation when Samuel was 10 months old 
that [his mother] Karen, who was slim and pretty, should only breastfeed 
Samuel as penance for her vanity. . . . Karen was told that she was or-
dered by God to consume only almond milk, nurse Samuel for 20 minutes 
every hour around the clock, and sing hymns praising God while she was 
nursing Samuel. Under these circumstances, Karen did not have suffi cient 
breast milk to nourish Samuel, and he wasted away over 51 days.”104 And 
who can forget hearing the news in 1978 of the deaths of 276 children in 
the mass suicide of members of Jim Jones’s Peoples Temple in Guyana?

Cults might very well pressure or persuade their members to engage 
in dangerous engineering experiments. Consider the Raelians, founded 
by French former race car driver Claude Vorilhon, who now goes by the 
name of Rael. The Raelians believe that life on earth started from DNA 
brought here by aliens called the Elohim, the Hebrew word for “Gods.” 
Rael claims that his enlightenment began in 1973 when he was 27: “I 
was a journalist in France. I was on my way to my offi ce at about 9 a.m. I 
felt pushed to go with my car to a volcano about 10 kilometers from the 
city. I left my car and went by the foot of a crater, then I saw in the sky a 
very shiny, fl ashing light. And a craft . . . appeared. Then one of the Elo-
him came out and that was the beginning.”105 An Australian newspaper 
reporter picks up the story:

A human being with a goatee beard, almond-shaped eyes, olive skin 
and a halo disembarked from the vessel, took Rael inside and ex-
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plained, in perfect French, that the Elohim (a Hebrew term used in the 
Bible that means “people from the sky”) [sic] had created Earth and its 
inhabitants from scratch, around 25,000 years ago. The Elohim then 
whisked him off to their planet, where he was reunited with his dead 
mother (cloned from a photograph) and met Buddha, Muhammad and 
Jesus. . . . Before leaving the Elohim’s planet, Rael had sex with six bio-
logical robots. (Oh, and Christ, by the way, was revealed to be his half-
brother, both having been fathered by the elder alien, Yahweh—hence 
what modern-day Catholics refer to as the Virgin Birth.)106

In 1978 and again in 2003, the Raelians claimed to have successfully 
cloned a human being, an assertion they refused to substantiate after 
being asked to produce mother and child for DNA testing. Rael also has 
expressed his approval of “designer babies.”107 Therefore, it isn’t hard to 
imagine Raelians encouraging their members to genetically engineer 
their children, without necessarily waiting until the technology had 
become safe enough. Similar cults might spring up in the future, like 
the “Elohimites,” the Raelian takeoff in Michel Houellebecq’s novel The 
Possibility of an Island which eventually replaces humans with cloned 
“neohuman” ciphers.

If children in cults are endangered by evolutionary engineering, the 
law is relatively clear that the state has the authority to intervene to pro-
tect them, regardless of objections that the government is interfering 
with the members’ free exercise of religion. “The Raelians, of course, can 
believe whatever they want to,” observe George Annas, Lori Andrews, 
and Rosario M. Isasi. “But just as human sacrifi ce is illegal, experiments 
that pose a signifi cant danger to women and children can also be out-
lawed, and the religious beliefs of this cult do not provide a suffi cient jus-
tifi cation to refrain from outlawing cloning.”108 The U.S. Supreme Court 
has affi rmed, for example, that “the right to practice religion does not 
include liberty to expose the child . . . to ill health or death.”109 Protect-
ing children in cults presents practical challenges, however. Cults are 
secretive, and law enforcement offi cials therefore may not learn what 
is happening within them until it is too late, as illustrated by the deaths 
of the Peoples Temple children. In addition, when the state moves to 
protect children in cults from physical harm, the usual approach is to 
take the children away and punish the parents. When they assaulted the 
Waco compound, for instance, the federal agents who suspected that 
the Branch Davidians were abusing their children intended to rescue 



188  managing risk in evolutionary engineering

the children and arrest the adults, although they unfortunately ended 
up killing over 80 people, many of whom were the very children they 
had intended to protect. In some states, parents convicted of child abuse 
and neglect face up to 30 years imprisonment. In 2008, almost 270,000 
children were removed from their homes on the basis of child abuse and 
neglect, and 20 percent of them were placed in foster care.110

The rationale for separating the children from their parents is to 
prevent further harm to the children, but outside of situations such as 
cults where parents’ freedom may be compromised, their judgment cor-
rupted, and child abuse condoned or ritualized, it may not make sense 
to remove the children and fi ne or jail the parents. There might be little 
reason to expect that parents who had harmed their children inadver-
tently in a sincere effort to give them a better life through genetic engi-
neering would continue to cause them injury after they were born. Tak-
ing children away in these circumstances or imprisoning these parents 
would cause further harm to the children, while fi ning the parents would 
deprive the children of parental resources.

A solution suggested by some legal scholars, such as Kirsten Rabe 
Smolensky, is that children should be allowed to sue their parents for the 
injuries suffered by the parents’ excessive engineering enthusiasm. Smo-
lensky argues that “a born-alive child harmed by direct genetic interven-
tions should be able to sue his parents successfully for battery where the 
parents intentionally engage in a process that is substantially certain to 
make a harmful or offensive contact with the embryo, and to cause legal 
harm to the later-born child.”111 In response to the objection that these 
suits could end up harming the child fi nancially, Smolensky replies that 
wealthy families would be able to afford the court costs and legal fees, 
some court awards would be covered by insurance, and in the remain-
der of cases, parents should only be required to pay modest or nominal 
damages, so that the child at least would have the satisfaction of having 
had its day in court. But could parents and children be legal adversaries 
without destroying the parent-child relationship? Like the option of re-
moving engineered children from their family, Smolensky’s proposal has 
a similar tendency to backfi re.

Since penalizing parents, depriving them of their children, or allow ing 
their children to sue them all seem ill-advised, we need to pick another 
target for our enforcement efforts in seeking to protect children from 
unconscionable evolutionary engineering. The prospect of do-it-yourself 
genetic engineering that would allow parents to bypass professional as-
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sistance seems highly remote, and therefore the logical regulatory tar-
gets are the physicians and other health care professionals who supply 
the parents with the engineering know-how that leads to the harm, as 
well as the institutions and industries that supply the associated prod-
ucts and services. The legal system already has all the machinery it needs 
to do the job. To begin with, since 1946, children have been able to sue 
physicians and others who negligently cause them to be born with in-
juries or disabilities.112 (Prior to 1946, the courts had held that unborn 
children were legally indistinguishable from their mothers and there-
fore could not sue on their own behalf.) Initially, these prenatal harm 
actions were allowed to be brought only by children who had been viable 
fetuses at the time that the physician had caused their injury, on the the-
ory that it was too diffi cult to prove what caused harm to fetuses before 
they reached that stage of development. Today, most courts allow suits 
by injured children regardless of whether or not they were viable fetuses 
at the time the negligent acts occurred. Of course, minors cannot bring 
lawsuits themselves, so their parents would have to sue on their chil-
dren’s behalf, but the parents’ consent or active involvement in obtaining 
the engineering services should not insulate the professional from a suit 
brought for the injury to the child. Health care professionals even might 
be held liable for aiding and abetting parental abuse and neglect.113 Civil 
suits against professionals also would encourage professional groups 
such as the AMA and the American College of Medical Genetics to adopt 
appropriate ethical standards for evolutionary engineering provided by 
their members.

There is one important difference, however, between run-of-the-mill 
medical malpractice and the liability of health care professionals for 
harming children by providing excessively dangerous engineering ser-
vices. Ordinarily, physicians and other health care givers are judged by 
the standard of their profession, that is, they are expected to behave the 
way a reasonable professional would behave under the same circum-
stances. This standard of care typically is established through expert 
witnesses, who testify about how they believe a reasonable professional 
ought to behave. But earlier we said that, in terms of its effects on engi-
neered children, the standard by which evolutionary engineering should 
be judged was from the vantage point of the parents, with engineering 
deemed acceptable unless no reasonable parent would choose it. At fi rst 
it might seem unworkable to hold health care professionals to a parent-
oriented standard of behavior; after all, how are geneticists supposed to 
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know what choices reasonable parents would make? But there is prece-
dent in the form of a similar approach that the law takes when it assesses 
whether or not a physician has obtained proper informed consent from 
a patient: by and large, physicians are not judged on the basis of how 
reasonable physicians would behave, but on the basis of how reasonable 
patients would want them to behave. Expert evidence is not required; 
instead, the jury (or judge, if the case is being heard without a jury) must 
determine what information a reasonable patient in the patient’s cir-
cumstances would want to be given. Similarly, judges and juries ought to 
be able to ascertain what forms of evolutionary engineering reasonable 
parents would and would not regard as appropriate.

In addition to facing lawsuits by injured children, physicians and 
other licensed professionals who engaged in improper genetic engineer-
ing could face disciplinary action by state medical boards or other of-
fi cial bodies, including having their licenses revoked. Sanctions also can 
be levied by professional organizations such as the AMA for violating 
the organization’s ethical codes, including revoking membership in the 
organization. Doctors who lose their membership in the AMA and simi-
lar professional organizations lose more than the monthly magazine or 
Hertz rental car discounts; it can cost them hospital privileges, increase 
their malpractice insurance premiums, and lead to disciplinary action 
by the state.

Children also can be protected by allowing them to sue not only the 
health care professionals who injure them but the fertility clinics and 
other institutions where these professionals work. This is similar to the 
manner in which injured patients can hold hospitals accountable for 
their own wrongdoing in failing to make sure that the doctors on their 
medical staffs are properly qualifi ed and adequately supervised, an ap-
proach known as “hospital corporate liability.” Ideally injured children 
also should be able to recover damages from the companies that manu-
facture the drugs and other products that health care professionals use 
in the course of the engineering process; however, industry pressure has 
succeeded in making it increasingly diffi cult to successfully bring prod-
uct liability suits like these, and therefore professionals and institutional 
service providers are likely to remain the primary liability targets.

Finally, we also need to deal with the risk that children will be harmed 
because of state-sponsored, global genetic competition. There is no way 
to stop this competition, any more than we can stop the development of 
the technology itself, but we should push for an international treaty ban-



Protecting the Children  191

ning unethical, state-sponsored military or other genetic manipulation, 
the same way we have outlawed torture and poison gas. Note that this is 
not the same treaty proposed in 2001 by George Annas, mentioned ear-
lier, which would have banned genetic engineering altogether.

Holding health care professionals and their institutions responsible 
for harming children by furnishing parents with unacceptably  dangerous 
types of evolutionary engineering, plus adopting and enforcing an inter-
national agreement against harmful state-sponsored forms of engineer-
ing, would help protect children. But what about the risk that evolution-
ary engineering would lead to social strife and political upheaval? Would 
the measures that were taken to protect children suffi ce to protect soci-
ety, or are additional steps necessary?



chapter nine

Preserving Societal Cohesion

It is possible that access to advantageous evolutionary engineering 
only by those who already enjoyed wealth and social privilege could 

fracture society into warring classes and provoke a rebellion by the un-
engineered who felt that they no longer had an equal opportunity to ob-
tain social rewards. As Sharon Beder writes in Selling the Work Ethic: 
From Puritan Pulpit to Corporate PR, “America’s reputation as a land 
of opportunity rested on its claim that the destruction of hereditary ob-
stacles to advancement had created conditions in which social mobility 
depended on individual initiative alone.”1 Parents whose children had 
not been genetically modifi ed might insist on outing children who had 
and depriving them of any societal benefi ts that they might have been 
able to acquire through the use of their superior abilities.

Such a witch hunt would resemble the campaign against athletes who 
use performance-enhancing drugs, which is fueled in large part by the 
conviction that these athletes do not deserve to benefi t from their ac-
complishments. For example, President George W. Bush’s bioethics advi-
sory council, headed by Leon Kass, accused athletes who used steroids of 
“getting their achievements ‘on the cheap,’ performing deeds that appear 
to be, but that are not in truth, wholly their own.”2 When Bush’s attorney 
general John Ashcroft brought federal indictments in 2004 against a 
coach, a trainer, and two executives of a company named BALCO for 
distributing illegal steroids, he blamed steroids for “foster[ing] the lie 
that excellence can be bought rather than earned.”3 And in his 2004 
State of the Union address, Bush branded steroids as “shortcuts to ac-
complishment.”4 (The irony, of course, is that Yale would never have ad-
mitted George Bush as an undergraduate on the basis of his own accom-
plishments. As Berkeley sociologist Jerome Karabel writes, while Bush 
had attended Phillips Academy, an exclusive prep school, he “had never 
made the honor roll and his verbal score on the SAT was a mediocre 566. 
Although popular among his classmates, he was neither an exceptional 
athlete nor did he possess any particularly outstanding extracurricular 
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talents. . . . [But] as the son of a prominent Texas oilman then running 
for the United States Senate—and the grandson of a United States sena-
tor from Connecticut who had recently served as a member of the Yale 
Corporation, George W. Bush was no ordinary applicant.”5)

How might the genetic underclass wage a campaign to clip the wings 
of persons who had been genetically modifi ed? They might try to ban 
genetic engineering, much as professional sports organizations have 
tried to block the use of performance-enhancing drugs. But as discussed 
earlier, it would not be easy to stop people from obtaining illegal tech-
nologies on the black market, or traveling abroad and securing them in 
countries that were more hospitable to the genetic engineering industry 
or simply more desperate for foreign exchange.

An alternative to prohibiting genetic engineering would be to try to 
level the playing fi eld. Taking a lesson from athletics, for example, com-
petitions might be forbidden between engineered and normal people. 
This already happens to some extent in sports: boxers and wrestlers typi-
cally compete only with others in the same weight range. Or, enhanced 
individuals could be allowed to compete against unenhanced persons, 
but only after being handicapped so that they lost their advantage. This 
also takes place today in sports: in “handicapped” horse races, jockeys 
who weigh too little must carry weights in their saddles, and strokes are 
subtracted from the scores of golfers who aren’t as good as the other 
players in their group.

Any effort to create a level playing fi eld, however, would necessitate 
being able to tell who had been genetically engineered. Since the engi-
neered themselves would have no incentive to volunteer this informa-
tion, there would have to be tests that enabled them to be discovered. 
One approach would be to require altered or added DNA to be tagged 
in some way that could be detected by a simple scan. But the benefi ts of 
being able to thwart the scanner would be so great that parents would 
seek out U.S. or foreign physicians or geneticists who, at the right price, 
might be willing to leave off the tag when they engineered embryonic 
DNA. Another option would be to obtain DNA samples from newborns 
and compare them with DNA taken from their parents to fi nd differ-
ences that could only occur as a result of deliberate manipulation. Part 
of this scheme is already in place: by state law, blood samples contain-
ing DNA must be taken at birth in order to screen infants for disease. 
Yet again, determined parents might fi nd ways around this, such as by 
hiring cooperative obstetricians or midwives who would be willing to 
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substitute the parents’ own blood or otherwise fake the samples, similar 
to how Vincent fools the scanners in the fi lm Gattaca.

More important, even assuming that genetically engineered new-
borns could be identifi ed at birth, how would they be identifi ed later on 
in life? Could they be forced to carry some sort of ID? Couldn’t the ID 
be counterfeited? Could they be branded in some indelible way? More 
likely, genetic tests that could reveal whether or not people were engi-
neered would have to be employed before they engaged in competitions 
in which they would be deemed to have an unfair advantage. But the 
competitions would not just be athletic contests: a society intent on de-
nying an advantage to engineered individuals would probably want to 
identify them prior to offering them employment or evaluating their job 
performance, before they sat for school tests and college entrance exams, 
in advance of delicate business negotiations, and so on. Again, there is an 
analogy to this in the testing conducted by anti-doping forces in sports, 
and while this might seem overly intrusive, genetic testing can be per-
formed on DNA obtained by merely swabbing the inside of the cheek 
with a Q-Tip, making it much less intrusive than the blood or urine sam-
pling to which athletes are subjected.

Assuming that engineered people could be detected, how would un-
fairness be prevented? Would they be barred from competing—getting 
jobs, for instance? If so, then society would lose all the benefi t of their 
special capacities in the workplace. An alternative would be to handicap 
them in some way: deduct points from their test scores, make them work 
under less favorable conditions, or give them sedatives to blunt their ne-
gotiating skills. Kurt Vonnegut satirized efforts like these to level the 
playing fi eld in his classic short story Harrison Bergeron: “The year was 
2081, and everybody was fi nally equal. They weren’t only equal before 
God and the law. They were equal every which way. Nobody was smarter 
than anybody else. Nobody was stronger or quicker than anybody else. 
All this equality was due to the 211th, 212th, and 213th Amendments 
to the Constitution, and to the unceasing vigilance of the United States 
Handicapper General.” In Vonnegut’s dystopia, smart people are made 
to wear little receivers in their ears so that the government can send 
them sharp bursts of sound every 20 seconds to interrupt their thoughts, 
newscasters all have speech impediments (when no one can understand 
a news bulletin on the TV, the hero’s mother comes to the announcer’s 
defense with “That’s all right . . . he tried. That’s the big thing. He tried to 
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do the best he could with what God gave him.”), and beautiful ballerinas 
wear hideous masks and are weighted down with heavy bags of BBs.6

As silly as Vonnegut makes this sound, if concerns about social unrest 
were serious enough, it may be necessary to prevent genetically engi-
neered people from taking advantage of their special abilities as a neces-
sary stopgap measure until genetic engineering became affordable for 
everyone, since the alternative would be to physically strip them of their 
genetic advantages. George Annas refers to a tale by H. G. Wells: “As 
H. G. Wells made clear in his Country of the Blind,” Annas relates, “it is 
simply not true that every enhancement of human ability will be univer-
sally praised: in the valley of the blind the one-eyed man was not king, 
rather eyes were considered a deformity that had to be surgically elimi-
nated so that the sighted person would be like everyone else.”7

Germ line evolutionary engineering for the well-off is especially cor-
rosive to the survival of liberal democratic structures and would recreate 
precisely the sort of hereditary obstacles that we thought we had put 
behind us. Never mind that, as I explained in The Price of Perfection, 
equality of opportunity is largely a myth—as Stephen McNamee and 
Robert Miller Jr. point out, “the most important determinant of where 
people end up in the economic pecking order of society is where they 
started in the fi rst place.”8 The American dream may be a fantasy, but it 
is an enduring fantasy. A 2007 Associated Press / Ipsos poll found that a 
majority of Americans agreed that “almost anyone can get rich if he puts 
his mind to it.”9 This delusion is fortunate, since a belief in equality of 
opportunity is a necessity if social stability is to be maintained in the face 
of so much frank inequality. By bursting this bubble, evolutionary engi-
neering reserved for those who were already privileged could unleash a 
fl ood of pent-up envy and ignite bitter class warfare, which ultimately 
could destroy the conditions that sustain progressive social conditions.

In my previous books, I offered two recommendations for how to pre-
vent the creation of a socially destabilizing genobility. In Wondergenes, 
I suggested establishing a government-run lottery. Every adult who had 
not already won would be entered automatically in the drawing, and 
winners, selected at random, would be entitled to subsidized access to 
whatever genetic engineering they desired. I also pointed out that the 
government could adjust the odds of winning as needed to maintain so-
cial stability, so that envy of the well-off who were able to engineer their 
children with their own money did not lead to socially destructive unrest.
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In The Price of Perfection, which dealt with improving human perfor-
mance, I argued that if safe and effective biomedical technologies were 
developed that signifi cantly enhanced those human capacities that were 
key determinants of a person’s social success, such as intelligence and 
charisma, it would be necessary to go beyond a lottery to maintain a suf-
fi cient amount of social cohesion. Instead, it would be necessary for the 
government to subsidize access to those technologies for everyone. But 
although a basic package of genetic interventions might be made univer-
sally available, there are bound to be other genetic interventions that only 
the wealthy could afford. Moreover, while universal access to germ line 
engineering would surely be the fairest solution and the one most likely 
to avoid social disruptions stemming from inequality of  opportunity, it 
also would be expensive. As noted earlier, it now costs approximately 
$50,000 to produce a child using IVF, which would be a prerequisite 
to engineering offspring under current technological constraints, and 
this price does not include the cost of the engineering  itself. New tech-
nologies such as nanotech could reduce costs substantially, since they 
may make it possible to genetically manipulate embryos that were fertil-
ized naturally. But even at $5,000 or $10,000 a pop, subsidizing access 
would likely be prohibitive, given how many families would be unable to 
afford evolutionary engineering on their own. Therefore, a lottery that 
only subsidized access for some parents would be much more affordable. 
One factor that could drive the government to attempt a more universal 
approach to public access, however, would be global competition, since 
it is not far-fetched to imagine that some countries would decide to pay 
for as many people as possible to engineer their children in ways that 
made them more valuable to the state, and that other countries would 
feel compelled to follow suit to avoid falling behind in the scramble for 
scarce global resources.

A second way discussed in chapter 6 in which evolutionary engineer-
ing could disrupt social harmony would be if radical biological change 
took place so rapidly that social structures could not coevolve fast enough 
to accommodate them. One example would be a sudden, dramatic in-
crease in human longevity, say, an extension of the average life span to 
150 in just one generation. It is easy to envision all sorts of social disrup-
tions ensuing, including damage to the nuclear family, breakdowns in 
the health care and welfare systems, and rancorous rivalries in the work-
force. Requiring that adequate testing take place before professionals 
were free to provide evolutionary engineering to parents would retard 
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the pace of technological advance to some extent. Beyond that, trying 
to slow down evolutionary engineering in the face of demands for lon-
ger, healthier, higher-quality lives, however, would be both quixotic and 
imprudent. The best way to cope with a jump in longevity, for instance, 
would be to try to anticipate how society might successfully adjust to 
these changes and lay in a store of readily deployable measures to fa-
cilitate the adjustments. Social scientists working with a series of differ-
ent scenarios could devise a set of potential new approaches to combat 
age discrimination, for example, that could be implemented quickly if 
needed.

Chapter 6 also emphasized the importance of considering the sen-
sibilities of people who are repelled by evolutionary engineering on re-
ligious or moral grounds. Many of these people will never accept these 
technologies, but they should be given as little ammunition as possible 
in their fi ght against scientifi c progress. Researchers trying to develop 
and improve engineering techniques must be careful, for example, not 
to violate the ethical and legal rules that have been established to gov-
ern human experimentation. Researchers also must take care to ex-
plain why a proposed step forward is not too ambitious in view of prior 
work. Furthermore, researchers must be mindful of the especially strong 
 distinction the public makes between humans and other animals; most 
people think that, no matter how many successful experiments have 
been performed on other species, including primates, experimenting for 
the fi rst time on human subjects crosses a moral Rubicon. Combining 
human and nonhuman traits would be even more unsettling. This isn’t 
to say that such experiments should never take place, but rather that re-
searchers must prepare the groundwork socially as well as scientifi cally. 
“The challenge facing human geneticists,” said the outgoing president of 
the American Society of Human Genetics in 1996, “is to fi nd the proper 
balance between the hopes and fears of society and the goals and inter-
ests of our science.”10

i
Another method by which parental engineering decisions could un-

dermine social cohesion would be if it diminished children’s moral ca-
pacity. This goes beyond a concern that lack of sensitivity to the physi-
cal damage that genetic engineering could produce in children could 
lead to morally repugnant reproductive decisions, or that allowing the 
government to force parents to install certain traits in their children in 
order to make them more globally competitive would turn the children 
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into the means to economic and political ends and start down a path 
toward making reproduction a public service rather than a private de-
cision. Both of these actions would raise moral objections. The threat 
here, however, is far more fundamental: that evolutionary engineering 
would make it impossible for people to judge whether these actions were 
moral or immoral. As Ronald Dworkin says, “the terror many of us feel 
at the thought of genetic engineering is not the fear of what is wrong; it 
is rather a fear of losing our grip on what is wrong.”11

Sociobiologist Edmund O. Wilson and others locate an individual’s 
sense of values in the limbic system, a brain structure buried beneath the 
cerebellum, which leads Oxford philosopher Jonathan Glover to worry 
that genetic engineers inadvertently might make biological modifi ca-
tions that disrupted this system.12 To take another example, a consider-
able amount of research has examined the use of certain drugs, espe-
cially the beta blocker propranolol, to treat posttraumatic stress disorder 
(PTSD). Immediately after an event in one’s life, there is a period in 
which the memory of that event is stored in the brain. In the case of 
highly traumatic events, the body releases too much adrenaline, which 
produces an increase in the neurotransmitter norepinephrine. This in 
turn can cause a memory to be “overstored,” as a result of which it viv-
idly resurfaces, sparking the symptoms of PTSD.13 Propranolol blocks 
the effect of norepinephrine, thereby preventing this overstoring. The 
question is whether the drug could go further and erase or prevent the 
storage of memories of bad events entirely. One potential use of pro-
pranolol is to fortify combat soldiers against PTSD. But critics fear that 
giving soldiers propranolol before they went into combat could under-
mine their moral inhibitions. In the words of the president’s Council on 
Bioethics chaired by Leon Kass, they could turn into “ ‘killing machines’ 
(or ‘dying machines’), without trembling or remorse.” Preventing PTSD 
is a worthy cause, the council concedes, but doing it in this way would be 
“at the cost of making men no different from the weapons they employ.”14

Instead of using drugs such as propranolol, evolutionary engineering 
might make it possible to reduce the risk of PTSD in soldiers genetically. 
If so, then some parents, particularly those from military families, might 
be tempted to modify their children in this way to give them a better 
chance at a successful military career. Consider the Scotts. “We’ve had 
a soldier on active duty in the U.S. Army in my family for more than 
130 years,” explains retired Army major general Bruce Scott.15 His wife 
Mary’s father was a West Point graduate who was killed in Vietnam. All 
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six of their children are in the military, fi ve in the Army; three attended 
West Point. Military service, says General Scott, “is in my family’s DNA.” 
Families like the Scotts might feel that “optimizing” their children for the 
military was merely carrying on the family tradition. Giving these chil-
dren greater visual acuity or making them stronger, faster, or better able 
to survive battle damage might be acceptable, but not decreasing their 
moral intuition; powerful weapons should not be placed in the hands of 
soldiers who are morally compromised.

At least military parents would be engineering their children for what 
they viewed as public service. But other parents might pare down their 
children’s moral reasoning for reasons that were hardly praiseworthy. 
Think of the overly competitive parents who seem willing to go to any 
lengths for their children, such as the notorious Wanda Holloway, who 
was sentenced in 1991 to a 15-year prison term for plotting to kill her 
daughter’s chief rival in cheerleading competitions,16 or the father of a 
10-year-old hockey player who, angered that the players were being too 
rough on his kid, beat a coach to death in 2003. These may be extreme 
cases, but there are plenty of stories of parents who brutalize referees, 
coaches, umpires, and the children themselves. The National Associa-
tion of Sports Offi cials claims that it receives over 100 reports of inci-
dents such as these each year.17 A survey of 23,000 adults in 22 countries 
found that 60 percent of Americans reported witnessing bad parental 
behavior at youth sporting events, the highest rate in the world, although 
India (59%), Italy (55%), Argentina (54%), Canada (53%), and Australia 
(50%) were right behind.18 So it’s not hard to imagine that some parents 
would be interested in making their children less morally inhibited in 
order to be more savage in sport. Still other parents might dampen their 
children’s moral inhibitions to make them more ruthless in business or 
more successful at crime.

Intentionally diminishing someone’s moral capacity so that they can 
take greater advantage of others produces no redeeming social value and 
should be outlawed. Since the genetic changes that would achieve this 
would be known, they could be screened for as part of newborn screen-
ing. If the changes were reversible, then the law should require that they 
be reversed; these modifi cations would be suffi ciently destructive to so-
ciety that reversing them might be justifi ed even at a considerable health 
risk to the child. The health care professionals who assisted the parents 
should be severely sanctioned. Moreover, given that, as noted earlier, 
parents who engineered their children in impermissible ways ordinarily 
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would not be penalized, since jailing the parents would unfairly deny the 
innocent children parental care while fi ning the parents would unfairly 
deprive the children of parental largesse, parents whose disregard for 
the welfare of other members of society was so extreme that they engi-
neered their children to be immoral might well lose their right to bear 
additional children.

In seeking to preserve social cohesion, then, we must employ addi-
tional means beyond those necessary to protect the health and psychoso-
cial well-being of the engineered children themselves. Parents who can 
afford expensive forms of evolutionary engineering do not harm the chil-
dren whom they engineer, but instead the children whose parents are 
not as well-off and the societal institutions of which both types of chil-
dren are a part. Parents who blunt their children’s moral intuition may 
actually improve their children’s welfare by making them better able to 
take advantage of others. If evolutionary engineering is to proceed with 
as little risk as possible, threats to society require their own set of regula-
tory responses.



chapter ten

Providing for Our Descendents

Protecting future generations from evolutionary harm not only is 
a challenge distinct from protecting the children who are directly 

engineered or the institutions of civil society but is complicated by the 
diffi culty of predicting downstream genetic harm. The outcomes of a 
number of genetic experiments can look good at fi rst but result in injury 
to subsequent generations. Recall that some reports say that Ananda 
Chakrabarty couldn’t commercialize his recombinant-DNA-engineered, 
oil- digesting bacterium, the invention that led to the patent case in 
which the Supreme Court ruled that individuals could patent life-forms, 
because the bacterium lost its engineered ability to digest oil spills after 
several generations. Similarly, the benefi ts from genetic changes might 
be lost over time, but the injuries might remain, or serious injuries 
that were not anticipated could occur that outweighed any continuing 
 benefi ts.

One solution would be to require experiments to continue over a num-
ber of generations to prove that a genetic modifi cation was safe. As 
David Sloan Wilson points out, “to solve the problem of unforeseen con-
sequences, we need to be suitably humble about what we know, cautious 
about implementing new technologies, and diligent about discovering 
unforeseen consequences. The ultimate solution to partial knowledge is 
complete knowledge.”1 Since, in order to be ethical, experiments in hu-
mans have to be preceded by animal experiments, one question is how 
long animal experiments need to last. FDA requirements for testing the 
safety of food additives normally only require animal studies over two 
generations; adding a third generation is only recommended if “overt 
reproductive, morphologic [structural], and/or toxic effects” show up in 
the second generation (the offspring of the animals originally fed the 
additive).2 Sometimes longer, multigenerational studies have been con-
ducted, however. Caffeine has been tested in as many as four generations 
of rats.3 A study of genetically modifi ed corn by the Austrian govern-
ment also lasted over four generations of mice.4 Owing to concerns about 

201



202  managing risk in evolutionary engineering

the long-term effects of ethinyl estradiol, an estrogen that is commonly 
found in birth control pills, the FDA’s National Center for Toxicological 
Research required a fi ve-generation rodent study; interestingly, the re-
searchers saw a small increase in tumors in male sex glands in the third 
generation.5 A separate question is in how many animal species tests 
must be performed. Multigenerational testing would be feasible in ani-
mals that live a short time, such as rodents, but what about longer-lived 
animals, such as primates, whose biology is more similar to our own? 
As Susannah Baruch and her colleagues observe, “given that it may take 
sixty to eighty years to obtain multigenerational data from some animal 
species, questions exist about whether animal data would ever be suf-
fi cient to warrant human clinical studies.”6

As noted in the previous chapter, moreover, long-term animal experi-
ments alone, even in primates, would not likely be deemed suffi cient to 
provide evidence that genetic modifi cations in humans would not harm 
future offspring; long-term human experiments also would be neces-
sary. But this would present serious challenges. For example, the FDA is 
grappling with how to show that drugs are safe to treat chronic ailments 
over a long period of time. One drug used for chronic illness is Fosamax. 
Recently, the FDA discovered that the class of drugs to which Fosamax 
belongs—bisphosphonates, which are taken for years by older women to 
prevent osteoporosis, the loss of bone density that causes fractures in the 
elderly—can eventually cause thigh fractures and jawbone degeneration, 
in other words, actually weaken bones rather than strengthening them. 
Ironically, television ads for the drug Fosamax tell viewers that “this is an 
amazing age. We learn something new every day.”7 In the TV ad for an-
other one of the bisphosphonates, Boniva, Sally Field chirps that “studies 
show after one year of Boniva nine out of ten women had better bone 
density,”8 without mentioning that the problems show up later. “The dif-
fi culty,” writes Gina Kolata in the New York Times, “is in fi guring out 
how to assess the safety of drugs that will be taken for decades, when the 
clinical trials last at most a few years.”9

If the FDA is struggling with how to assess the safety of medical in-
terventions over a lifetime, imagine how much more diffi cult it would 
be to discover adverse effects of genetic engineering that could affl ict 
future generations. There would have to be some way to conduct multi-
generational human investigations, that is, to evaluate the offspring of 
those who had been modifi ed. Since these descendants in effect would 
be experimental subjects, presumably they or someone with the proper 
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authority would have to give permission for them to be studied. Parents 
who participated in engineering experiments could agree to allow the re-
sulting children to be examined and monitored, but parental permission 
would lapse once the child reached adulthood. As Baruch et al. point 
out, “researchers may want prospective parents to agree to have their 
children, and perhaps several generations thereafter, studied from birth. 
However, it would not be possible to guarantee participation in a study, 
as participants are always free to withdraw.”10 So there would need to be 
some way to keep track of the children so that they could be asked to give 
their permission when they became adults.

The problem of staying in touch with descendants has arisen in a 
more limited fashion in connection with genetic testing for disease risks. 
In a couple of court cases, children have sued physicians claiming that 
they should have been given information about their parents’ genetic ill-
nesses so that they could have taken steps to protect themselves. In one 
case, a Florida physician group that had treated a patient for a hereditary 
form of cancer was sued by the patient’s daughter when she contracted 
the same cancer three years later. The daughter claimed that the physi-
cians should have warned her that she could be at risk, which would have 
enabled her to take preventive measures. The Florida Supreme Court 
rejected the doctors’ argument that they owed their duty only to their pa-
tient and not to the patient’s daughter and held that the doctors should 
have advised the mother to inform her daughter.11 A second case in New 
Jersey involved the daughter of a patient who died of colon cancer. The 
daughter, who contracted the same cancer, claimed that her father’s doc-
tor should have told her that his cancer was heritable, in which case she 
would have had her colon removed and avoided her father’s fate. The 
New Jersey appellate court agreed and went further than the Florida 
court by suggesting that the father’s doctor might have been obligated to 
warn the daughter directly, rather than just advising her father to warn 
her. What was especially bizarre about the New Jersey case was that the 
father had been diagnosed originally in 1956, when his daughter was 2 
years old, and had died when she was 10. The daughter did not discover 
that she had the same disease as her father until she was 36, and she 
fi led her lawsuit two years later. By that time, her father’s doctor, like her 
father, had died, and the daughter actually ended up suing the doctor’s 
estate.12

Keeping track of what happens to genetically modifi ed children and 
their offspring presents legal as well as practical problems. Descendants 
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would have to be informed that their parents had been engineered, but 
this could breach patient-physician confi dentiality by revealing personal 
information about the parents.13 That was one of the reasons mentioned 
by the court in the Florida case for why it would only require physicians 
to advise their patients of the need to tell their children, rather than re-
quiring the physicians to inform the children directly as the New Jersey 
court suggested.

Assuming that some registry was established or some other way de-
vised to trace the offspring of engineered parents, how many generations 
would need to be followed before a genetic alteration was deemed safe? 
Would it be the same as for animal studies—usually two or three gen-
erations? Would the number of generations change depending on the 
type of modifi cation, becoming longer for alterations that were thought 
to pose greater downstream risks? The problem is that the more gen-
erations that needed to be followed, the more diffi cult it would be to 
keep track of descendants. I am reminded of a cartoon in which one 
researcher holds a fl ask up to another and says, “It may very well bring 
about immortality, but it will take forever to test it.”
i
Transhumanists are well aware that requiring long-term longitudinal 

studies in humans could make it much harder for evolutionary engineer-
ing to become accepted. The World Transhumanist Association there-
fore cautions that “the standards for the safety of inheritable genetic 
therapy should be no higher than the safety of unassisted reproduction. 
Multi-generational effects may be explored in animal trials, but human 
trials should not have to demonstrate a low risk of teratogenic effects 
[birth defects] beyond the fi rst generation.” The association also resists 
the creation of a mandatory registry of altered individuals.14 Conceiv-
ably testing methods could be developed in the future that would obvi-
ate the need for long-term human studies. In the 1970s, in response to 
the need for a rapid way to determine if a chemical such as a food addi-
tive posed a cancer risk to humans, a group of Berkeley researchers led 
by Bruce Ames developed a bacterial test that they claimed could accu-
rately detect carcinogens without the need for experiments in rats and 
mice, which led to the test being embraced by animal rights advocates. 
But Ames’s group was able to demonstrate the accuracy of its bacterial 
assay by comparing it with results from numerous rodent experiments 
that already had been conducted. There would be no similar benchmark 
for an alternative test for human evolutionary engineering unless a sub-
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stantial amount of long-term human investigation previously had taken 
place.

In the face of these obstacles, transhumanists and parents eager to en-
gineer their children may lobby for relatively weak regulatory regimes in 
which little multigenerational experience in humans is required  before 
the use of an engineering technique is allowed to become widespread. 
A more relaxed approach may be appropriate for germ line manipula-
tions aimed at preventing, treating, or curing serious genetic diseases as 
opposed to minor ailments and nondisease characteristics, since there 
would be greater urgency and more potential benefi t to offset incom-
plete safety information. A historical analogy is the campaign by AIDS 
activists to force the FDA to relax its rigid stance against allowing pa-
tients to receive experimental drugs that had not completed clinical 
(i.e., human) testing. Johns Hopkins health law researcher Gail Javitt 
describes this campaign as “an unprecedented demonstration of grass-
roots protest against the agency, [in which] FDA’s Rockville, Maryland 
headquarters were picketed by protestors, a thousand strong and many 
suffering from AIDS, who chanted for hours demanding faster drug ap-
proval. Protesters also took more subtle, and potentially more damaging, 
measures to demonstrate their unwillingness to accept the established 
clinical trial system as a means to drug approval.”15 Javitt recalls that one 
AIDS activist group fi gured out a way to analyze the ingredients in the 
pills given to patients in clinical studies so that the patients could tell 
whether they were getting the experimental drugs or a placebo. This ef-
fectively halted the experiment, since it made it impossible for it to re-
main double-blinded, that is, to maintain the critical condition for valid 
assessment that neither the experimenters nor the subjects know what it 
is that specifi c subjects are being given.

Activists took other steps to frustrate the experiments, Javitt explains: 
“Patients receiving active treatment shared their drugs with those re-
ceiving placebos. Patients also adjusted their doses and added treat-
ments prohibited by the protocol. Finally, an ‘underground’ distribution 
network developed for drugs being tested in clinical trials.”16 T he AIDS 
community’s campaign achieved substantial success. The initial result 
was an effort by the FDA to speed approval of AIDS drugs, which culmi-
nated in a 1987 regulation permitting drugs undergoing but not yet fi n-
ished with testing to be distributed to patients with severe illnesses. This 
was followed by a 1988 rule in which the FDA declared that it was willing 
to relax its traditional requirement that drugs must complete all three 
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phases of clinical testing before they could be marketed; henceforth, 
the agency announced that it would allow certain drugs to be marketed 
after they had completed only the fi rst two phases, foregoing the most 
expensive and time-consuming Phase III trials in large patient popu-
lations. The FDA adopted other measures to speed up drug approvals 
in the ensuing years, and in 1997, Congress amended the Federal Food, 
Drug, and Cosmetic Act to incorporate many of the agency’s approaches. 
Therefore, it is easy to imagine an alliance of committed  transhumanists 
and parents whose children are at risk for genetic disorders resorting to 
similar political tactics to get the government to back off insisting on strin-
gent testing requirements, at least for evolutionary engineering aimed at 
preventing illness.

Still, having at least some long-term data about the effects of germ 
line modifi cations in humans may be imperative even when they target 
genetic ailments. There would be little point in removing one serious 
disease from an evolutionary line only to substitute another. Therefore, 
absent some extremely compelling reason, such as a virulent pandemic 
or a radical environmental shift that demanded rapid adaptation to 
avoid a serious threat of extinction, lax safety standards that did not re-
quire an appropriate amount of longitudinal data must be resisted, and 
means should be found to circumvent the practical and legal hurdles 
that long-term studies present. Confi dentiality seems the most easily 
surmountable obstacle. Systems have been proposed to track children 
who are produced with the aid of donor eggs or sperm so that they can 
be informed about genetic risks that they may have inherited and so that 
other children conceived with reproductive cells from the same donor 
can be alerted to any latent health hazards.17 Parents who wished to par-
ticipate in genetic engineering experiments could be required to agree 
to keep the investigators aware of their children’s whereabouts until the 
children reached adulthood, at which point the investigators could ask 
the children themselves for permission to continue to monitor them and 
their offspring, who in turn would be asked for permission to be fol-
lowed, and so on. Some descendants no doubt would refuse, but long-
term surveillance would have to continue until enough affected individ-
uals had agreed to be followed that adequate multigenerational safety 
data had been accumulated.

In 1991, Marc Lappé, a toxicologist who campaigned vigorously against 
genetically modifi ed foods and other forms of evolutionary engineering, 
did offer one draconian alternative to multigenerational safety data. “It 
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is also theoretically possible,” he said, “to limit the effects of germ line 
manipulations to a single generation, either through concurrent ma-
nipulations that limit fertility or by committing the conceptus to abstain 
from reproduction as one of the trade offs of his genetic alteration.”18 
In other words, genetically engineered children could be deliberately 
rendered sterile, or be required to promise not to have children. Lappé 
notes that these are only theoretical possibilities, however, since design-
ing children to be sterile would be ethically and politically unacceptable, 
while there would be no way to enforce a promise to refrain from having 
children in the future short of sterilizing genetically engineered persons 
before they reached child-bearing age or forcing them to abort, neither 
of which can be justifi ed.



chapter eleven

Safeguarding the Human Species

In addition to protecting specifi c future persons from harm caused by 
the genetic modifi cation of their forbearers, it is obviously also imper-

ative to avoid imperiling the human lineage and its cumulative genetic 
inheritance. The protections against harming children will considerably 
reduce the risk of this happening by helping to prevent parents’ use of 
evolutionary engineering techniques that have not been shown to be safe 
and effi cacious, especially if multigenerational studies are required. But 
could the survival of the lineage be threatened by genetic modifi cations 
that did not cause harm to children or specifi c descendants? In other 
words, would the measures that prevented harm to children also ade-
quately protect the lineage?

I have addressed several ways in which evolutionary engineering 
could threaten the continuation of the lineage: loss of genetic diversity 
due to large numbers of parents making the same modifi cations in their 
children’s genes, excessively large body sizes, inability to reproduce, and 
gender imbalance. Would these be proscribed as being harmful to chil-
dren? Making children gigantic is likely to cause them emotional if not 
physical harm as well. Limiting their ability to reproduce also seems like 
it would be injurious to children. But what about selecting the child’s 
gender? Deliberately having more male than female children could create 
a risk for the lineage, but it is doubtful that anyone would consider being 
born a male to be harmful to the child, let alone deleterious enough that 
it warranted interfering with parental decision making. In societies with 
strong preferences for males, being designed female might raise eye-
brows, but being male would seem to be advantageous rather than det-
rimental. Therefore, there would be no call to prevent parents in Asia or 
elsewhere from engineering more males than females, or even all males, 
on the basis that it caused harm to the child. So even under a rule that 
prohibited evolutionary engineering that harmed children who were 
engineered or their specifi c descendants, an extreme gender imbalance 
might arise that threatened the survival of the lineage.

208
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Another threat to the lineage that would not seem to count as harmful 
to engineered children would be if they were modifi ed in such a way that 
they could only mate successfully with children who also had been engi-
neered, which might be very attractive to parents who wanted to create 
or preserve a genobility, but which could lead to a societal breakdown by 
igniting confl ict between classes, subspecies, or separate species. More-
over, although a herd mentality among parents in terms of how they de-
signed future children might jeopardize genetic diversity by producing 
too many children with too many of the same genetic modifi cations, it 
is diffi cult to construe being made to be like everyone else as a potential 
cause of harm to children.

So even if children and their offspring were protected against evolu-
tionary engineering that might harm them, some serious threats to the 
lineage could slip by. One noteworthy loophole in the regulatory regime 
that protects human subjects, for example, is a provision in the Common 
Rule that could be interpreted to bar IRBs from considering adverse ef-
fects on the human lineage as an experimental risk to be weighed against 
the potential benefi ts. Specifi cally, the rule says that “the IRB should not 
consider possible long-range effects of applying knowledge gained in 
the research (for example, the possible effects of the research on public 
policy) as among those research risks that fall within the purview of its 
responsibility.”1

This is a highly perplexing provision in the federal regulations, and 
to fi nd out why it was included, I contacted Bradford Gray, a health 
policy expert at the Urban Institute in Washington, D.C., who was on 
the staff of the National Commission for the Protection of Human Sub-
jects of Biomedical and Behavioral Research, the body that drafted the 
Belmont Report that was the source of the Common Rule. According 
to Gray, the prohibition against considering long-range risks stemmed 
from a number of concerns. Reminiscent of Cass Sunstein’s position that 
using the precautionary principle to decide whether or not to go for-
ward with a research project that poses unknown or uncertain hazards 
would be overly cautious, the commission felt that long-range risks were 
too speculative. It is always possible to imagine dire consequences that 
could fl ow from an experiment, explained Gray, yet it is impossible to 
know how much weight to give them. The commission also wanted IRBs 
to focus on protecting the actual experimental subjects, rather than on 
controlling what research ought to take place by trying to anticipate the 
net long-term benefi ts from an experiment. Another concern was that 
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IRBs did not have the expertise to undertake these sorts of technology 
assessments, while there were numerous other entities such as the NIH 
that had both the expertise and the responsibility. The commission also 
recognized that, as borne out by the doomsday scenarios surrounding 
particle accelerators and other research enterprises discussed in chapter 
2, long-range harms from scientifi c research extended well beyond re-
search on human subjects, which is the focus of the IRBs. But according 
to Gray, the major concern that led the commission staff to include the 
restriction on the scope of IRB review was the desire to prevent contro-
versial social science research such as research on race and intelligence 
from being blocked on the grounds that it might have long-term, adverse 
societal effects (Bradford Gray, pers. comm., Mar. 19, 2007).

Assuming that the type of concerns that led to this provision in the 
IRB regulations could be allayed or ignored, the Common Rule could 
simply be rewritten to authorize IRBs to consider threats that evolution-
ary engineering experiments posed to the survival of the lineage. But 
a good deal of evolutionary engineering would take place outside the 
experimental realm and therefore free from IRB oversight. As noted ear-
lier, under current law, once the FDA approves a new technology, doc-
tors are free to use it for any purpose they wish. So unless the law was 
changed in this respect, an experimental modifi cation that did not pose 
a danger to the lineage might pose such a danger when used in another 
way after it had been approved. And since the modifi cation would not 
present a suffi cient threat of harm to a specifi c individual, protections 
for current or downstream children would do little to stop it from taking 
place.

How then can we prevent parents from engineering their children in 
such a way that a severe gender imbalance or loss of diversity resulted 
or the children were unable to mate with humans who had not been 
engineered? One answer would be to rely on health care professionals 
to regulate themselves. As noted earlier, do-it-yourself germ line genetic 
engineering seems unlikely, and therefore parents will have to obtain 
the services of professionals such as physicians and geneticists in order 
to accomplish their engineering objectives. We also noted that profes-
sional groups such as the AMA have begun to establish guidelines to 
govern genetic engineering performed by their members. So far the 
guidelines have not addressed concerns about saving the human lineage, 
but there is no reason why they couldn’t be expanded to take this into 
account along with the health and well-being of the children. But pro-
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fessional self-regulation is not suffi ciently dependable to be relied upon 
exclusively. Biotech researchers will be eager to achieve momentous 
breakthroughs, such as Edwards and Steptoe’s development of IVF that 
led to Louise Brown’s birth in 1978, for which Edwards won the 2010 
Nobel Prize in Medicine (Steptoe having died in 1988); Ian Wilmut’s 
announcement in 1997 that he had successfully cloned Dolly the sheep 
from one of its mother’s mammary cells; or Craig Venter’s 2010 claim, 
albeit somewhat exaggerated, that he had created the world’s fi rst syn-
thetic life form, “a defi ning moment in biology” that “heralds the dawn of 
a new era in which new life is made to benefi t humanity.”2

The allure of fame and fortune that accompanies these advances will 
tempt professionals to ignore ethical and legal norms. Martin Cline, a 
researcher and chief of Hematology/Oncology at the UCLA Medical Cen-
ter, fl ew to Italy and Israel in 1980 to conduct gene therapy experiments 
before they were approved by the UCLA IRB, although he was eventually 
stripped of his UCLA department chair and disqualifi ed from receiving 
future research funding from the NIH.3 Although human cloning was 
generally deemed to be impermissible, physicist Richard Seed announced 
in 1998 that he would clone his third wife at a new facility he was building 
in Hokkaido, Japan,4 and fertility doctors Panayiotos Zavos and Severino 
Antinori declared that they would attempt to clone a human being and 
that, if denied permission, they would conduct their experiment on a boat 
in international waters.5 Professionals also will be attracted by the money 
to be made by assisting parents in designing their offspring. Manufac-
turers of genetic engineering equipment and supplies will mount mar-
keting campaigns similar to the ones now conducted by drug companies, 
which employ one sales representative for every three physicians in the 
country.6

If professional self-regulation cannot be trusted to completely con-
trol evolutionary engineering on its own, then governmental oversight of 
evolutionary engineering would have to be extended beyond protecting 
children to protecting the lineage. Jonathan Glover acknowledges that 
“it could be that some centralized decision for genetic change was the 
only way of securing a huge benefi t or avoiding a great catastrophe.”7 
Glover, for example, describes what he calls a “mixed system” in which 
parents choose their children’s characteristics but the government has a 
veto over those that are deemed to be “deleterious.” In order to preserve 
genetic diversity, for example, “deleterious” could be interpreted to in-
clude threats to the lineage, and parental choice could be restricted so 
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that they did not all make the same genetic modifi cations. Mark Frankel 
and Audrey Chapman offer another option: only parents who, by virtue 
of having two copies of a disease gene, actually have a genetic disease 
should be allowed to delete genes for recessive diseases such as cystic fi -
brosis, sickle cell anemia, and Tay-Sachs disease.8 That way, presumably, 
the genetic diversity represented by the recessive gene would persist be-
cause the gene would be inherited from parents who possessed only one 
copy and therefore were “carriers” for the disorder rather than actually 
affl icted with it. Similarly, speciation could be prevented by prohibiting 
parents from modifying children in such a way that they could only mate 
with other designer children. Sex selection could be limited or banned 
to avoid an imbalance of genders that could push humans past an evolu-
tionary tipping point.

The question is how far government control over parental choices 
should go. One risk is that governments might be tempted to seize com-
plete control over parental decision making. Earlier we discussed how 
governments might be interested in having parents turn out the type of 
offspring that would be most useful to the state, such as more productive 
workers or better soldiers, and it is possible to imagine some devious 
governments seeking to justify an extreme amount of government di-
rection on the basis that it was necessary to save the human lineage. Or 
perhaps governments would start out by preventing parental decisions 
that were potentially lineage lopping and then begin to slip in an in-
creasing number of affi rmative design obligations. Such a degree of gov-
ernment interference with reproductive decision making would, to say 
the least, be unprecedented. It would go far beyond the Chinese govern-
ment, which currently prohibits people with genetic diseases from hav-
ing children, and it would even trump the Nazi racial program, which 
dictated who could reproduce and with whom, but lacked the scientifi c 
means to determine what specifi c characteristics a child would inherit. It 
is unlikely that people in liberal democracies would accept this amount 
of government intrusiveness in their reproductive behavior, and in the 
United States at least, unless the government was responding to an im-
mediate, dire threat to society, it would likely be found unconstitutional.

In the previous chapter, we saw that abuse and neglect laws can form 
the starting point for laws protecting children from dangerous evolution-
ary engineering. Similarly, there is a legal point of departure for regulat-
ing engineering in the interest of the lineage. This is the body of policies, 
principles, statutes, and administrative regulations called public health 
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law. The Constitution gives the government the “police power” to pro-
tect the public from being harmed by its members, and while the police 
power may be most closely associated with law enforcement, one of its 
most important responsibilities is to protect the public’s health. It would 
seem like the destruction of the human lineage would be a consummate 
threat to public health. To corrupt an old saying about the importance of 
health, if you don’t have your lineage, you don’t have anything.

Public health authorities currently have very broad powers. They can 
sequester not only people who are known or suspected of having a trans-
missible disease but those who merely have been exposed to the disease, 
such as by having traveled in a country where it is found. People incarcer-
ated in this way, called “quarantine,” can be held for as long as necessary 
to ensure that they get over the disease and are no longer contagious, 
until they can demonstrate that they were not infected in the fi rst place, 
or, as in the case of Mary Mallon—aka “Typhoid Mary,” who spent a total 
of 26 years locked up on an island in the East River—until they die. In the 
1990s, New York City confi ned for approximately six months over 200 
people who refused to be treated for drug-resistant tuberculosis (TB).9 In 
addition to quarantine, public health offi cers can invade people’s privacy 
by requiring them to reveal the identity of those with whom they have 
come into contact, a practice known as contact tracing. Contact tracing 
has been used in an attempt to combat the spread of HIV, for example, 
particularly in San Francisco; the contacts in that case were sexual part-
ners, illustrating the degree to which individual privacy is compromised 
in the interest of protecting the public’s health. In addition to quarantine 
and contact tracing, public health offi cers can forcibly treat people, com-
pel them to be vaccinated, and obtain a sample of blood from a newborn 
before it is allowed to go home with its parents. Added to all this is the 
power of the states to pass laws defi ning unhealthy behaviors, which can 
run the gamut from operating an unsanitary restaurant kitchen to def-
ecating in public, and to punish violators. A current public health target 
is obesity, with fast food as a prime villain; Los Angeles banned fast food 
restaurants in areas of the city with high rates of obesity such as South 
Los Angeles, while Santa Clara County prohibited fast food restaurants 
from selling meals with toys.10

The government’s public health power would seem to be more than 
adequate to enable it to prevent parents and the health professionals 
from whom they obtain the necessary technical wherewithal from en-
gineering children in such a way as to jeopardize the continuation of 
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the human lineage. The government could pass a law making it illegal 
to modify children in ways that threaten the lineage, bestow on  public 
health offi cials the authority to inspect the records of clinics where evo-
lutionary engineering takes place, use mandatory newborn screening 
and other investigative methods to track down offenders by identifying 
children who had been illegally engineered, and punish the profession-
als who violate the law.

Relying on the government’s current public health powers to save the 
lineage would encounter some obstacles, however. First, public health 
concerns tend to focus on relatively immediate threats, such as epidem-
ics, food-borne illnesses, and sexually transmitted diseases. There is no 
precedent for using public health powers to protect against risks to fu-
ture populations, much less highly speculative risks to remote descen-
dants. True, sanitation systems are supposedly built to last a while; in 
2003, Los Angeles replaced a water delivery system that was almost 100 
years old.11 But upgrading sanitary infrastructure also provides immedi-
ate benefi ts to current residents. It is unclear how long-range the goals of 
public health offi cials could be and still have courts uphold coercive state 
action as within the current reach of the government’s police powers.

A second problem with relying on the public health system to protect 
the human lineage is that its powers historically have been vested in the 
states rather than in the federal government. Relying on states to adopt 
protections for the lineage could lead to a patchwork of rules around 
the country that could hinder enforcement, and some states could enact 
more lenient laws in order to attract or retain the evolutionary engi-
neering industry, similar to how California, New York, and Massachu-
setts welcomed and subsidized research on embryonic stem cells when 
President Bush banned federal funding. To date, the main public health 
focuses of the federal government have been to produce and dissemi-
nate information, the central mission of the Centers for Disease Control 
and Prevention (CDC),12 and to protect the nation from health threats 
from abroad, such as by preventing persons with communicable dis-
eases from entering the country. Nevertheless, the federal government 
also has considerable authority to control interstate commerce and has 
used this power in furtherance of the public’s health, for example, by 
regulating foods and drugs. There is some disagreement over whether 
this federal authority is as extensive as the states’, with some commenta-
tors maintaining that the federal government may only regulate public 
health matters that involve economic activity, like the marketing of foods 
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and drugs or the sale of marijuana for medicinal use.13 If they are correct, 
then the question is whether protecting the fate of the human lineage 
can be considered “economic” regulation. Since the end of the lineage 
would be the end of everything human, including commerce, the an-
swer might seem to be “yes,” unless someone wanted to make the some-
what bizarre argument that commerce could still take place between the 
members of other lineages. In any event, the federal government clearly 
has the authority to give states money on certain conditions; this is how 
the federal government gets states to conform to federal rules for Med-
icaid and other federally subsidized assistance programs. So under the 
exercise of its spending power, Congress could offer funds to the states 
to police evolutionary engineering if they agreed to do so in conformity 
with federal guidelines.

There is a far more serious problem, however, with relying on the pub-
lic health power of government to protect the human lineage from un-
acceptable forms of evolutionary engineering: the government has not 
always wielded these expansive powers judiciously. The history of the 
U.S. public health system is a story of great accomplishment, including 
the construction in the nineteenth century of urban water and sanita-
tion systems to protect the public against fi lth and the mass inoculation 
programs in the late nineteenth and twentieth centuries that culminated 
in the triumph over polio in the early 1950s. But the public health system 
also has been the culprit in a number of the greatest injustices perpe-
trated by American medicine.

Given the broad powers wielded by public health offi cials, it is perhaps 
surprising that the entire legal underpinning of the public health system 
rests on a single 1918 Supreme Court decision. Cambridge, Massachu-
setts, wanted to vaccinate its residents against smallpox, but one of them, 
Henning Jacobson, sued the state public health department after he was 
fi ned fi ve dollars for refusing to be vaccinated against smallpox and then 
was jailed when he refused to pay the fi ne. The court’s opinion, written 
by Justice Harlan, is a sweeping endorsement of the government’s public 
health powers, which Harlan analogized to the power to defend the na-
tion against foreign attack. If the government could require its citizens 
to take up arms and risk “the chance of being shot down,” Harlan rea-
soned, then surely it can require them to be vaccinated against a deadly 
disease. The common good, Harlan emphasized, takes precedence over 
the “wishes or convenience of the few,” and the only limits on the exer-
cise of these broad powers are that they may not be either “arbitrary or 
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unreasonable” or “cruel and inhuman.” While Harlan acknowledged that 
the state could not force someone to be vaccinated if it would “seriously 
impair his health, or probably cause his death,” Henning Jacobson’s ob-
jection that he had had an adverse reaction to vaccination as a child was 
not convincing enough to justify an exception in his case.

The Jacobson case not only laid the foundation for all subsequent 
public health law but also was the only precedent that the Supreme 
Court cited nine years later in Buck v. Bell, the case mentioned earlier 
in which the justices, with only one dissent, upheld the involuntary ster-
ilization laws that were the lynchpin of the American eugenics move-
ment. A woman named Carry Buck, who had been institutionalized in 
the Virginia State Colony for Epileptics and Feeble Minded, where she 
had been sterilized under the provisions of the Virginia eugenics law, 
fi led a lawsuit supposedly to challenge the constitutionality of the stat-
ute. As legal historian Paul Lombardo discovered, however, the suit was 
a sham.14 Buck was given virtually no effective legal representation; her 
lawyer, as well as her ostensible supporting witnesses, had concocted the 
lawsuit together with the state offi cials in order to give the courts an op-
portunity to approve the constitutionality of the Virginia law, which was 
intended to serve as a model for sterilization laws in other states.

When Buck’s case reached the U.S. Supreme Court in 1927, Oliver 
Wendell Holmes, one of the most respected jurists in American history, 
upheld the law with the following, now-infamous words:

We have seen more than once that the public welfare may call upon 
the best citizens for their lives. It would be strange if it could not call 
upon those who already sap the strength of the State for these lesser 
sacrifi ces, often not felt to be such by those concerned, in order to 
prevent our being swamped with incompetence. It is better for all the 
world, if  instead of waiting to execute degenerate offspring for crime, or 
to let them starve for their imbecility, society can prevent those who are 
manifestly unfi t from continuing their kind. The principle that sustains 
compulsory vaccination is broad enough to cover cutting the Fallopian 
tubes. Jacobson v. Massachusetts, 197 U.S. 11. Three generations of 
imbeciles are enough.15

Note the reference to the sole supporting precedent, the Jacobson case. 
Decades later, Lombardo’s research established that Buck had not been 
institutionalized because she was mentally challenged, but because she 
had become pregnant after she had been raped by the nephew of the 
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foster family she had been living with. Government records show that 
neither she nor her mother or child was in fact “feeble-minded.”
i
Although the eugenics movement stands out as one of the most ap-

palling examples of overreaching public health policy, the public health 
system is guilty of many other sins. It conducted the barbaric Tuskegee 
experiment described in the previous chapter, which was both unethi-
cal in leaving sick persons untreated and racist in being conducted on 
African American men. In the late 1940s, the U.S. Public Health Service 
also intentionally infected Guatemalan men with syphilis, ostensibly to 
determine the effi cacy of antibiotic treatment.16 These syphilis experi-
ments were not the fi rst time public health offi cials had taken action 
against sexually transmitted diseases, however. During World War I, 
over 20,000 women believed to be at risk for spreading syphilis, and 
therefore given the name “spreaders,” were incarcerated in government 
camps, a move that Harvard historian Allen Brandt called “the most con-
certed attack on civil liberties in the name of public health in American 
history.”17 By the end of World War II, all states required syphilis testing 
before a couple could obtain a marriage license. Most states repealed 
these laws in the 1980s, but not before many people suffered severely as 
a result of the inaccuracy of the test, which 25 percent of the time incor-
rectly reported that people had the disease.

During the early phase of another sexually transmitted disease epi-
demic, AIDS, televangelist Jerry Falwell called for all prostitutes to be 
placed in quarantine, and William F. Buckley and the then vice presi-
dent George Bush called for universal HIV screening. Imposing man-
datory screening was thwarted by the discovery that a person could be 
infected with the HIV virus and yet have a negative test result because 
of a delay in the ability of the test to detect antibodies to the virus in 
the blood. This led to an emphasis instead on “universal precautions” 
such as surgical gloves and masks given to health care workers and the 
condoms that promiscuous sexually active people were told to use on 
the premise that you could never know whether a partner or patient was 
infected. The stigma attached to AIDS and the discrimination faced by 
people who were infected or at risk also persuaded the authorities that 
more people would obtain HIV testing if the tests were available on a 
voluntary, anonymous basis than if they were obligatory and the results 
required to be reported to public health offi cials. Nevertheless, Illinois 
began requiring HIV testing for marriage licenses in 1987, and although 
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by the end of 1988 the state had screened 159,000 people at a cost of 
$5.6 million, only 23 cases had been detected. Moreover, many members 
of the public health community chafed at anonymous testing because 
they felt that it placed the public at an unnecessary risk by interfering 
with efforts to keep tabs on persons who were infected and trace their 
sexual contacts. There were repeated calls to halt anonymous testing, 
and as treatments for HIV began to be developed, one state after another 
shut down its anonymous testing program.

What was ironic about the call for universal, mandatory HIV test-
ing during the mid-1980s was that such a system had been tried 10 
years earlier to combat another disease, sickle cell anemia, and it had 
been an abysmal failure. When a rapid, accurate test was discovered for 
the genetic mutation that causes sickle cell disease, a number of states 
passed laws that required the entire population to be screened for the 
mutation; however, a number of states limited the screening to African 
Americans, who compose almost all of those who carry the disease mu-
tation. In some states, testing was a prerequisite for children entering 
public school. Sickle cell disease is not transmissible through casual sex 
or coughing, like HIV or smallpox. Rather, it is inherited from one’s par-
ents. The idea behind the screening program therefore was that people 
who found out that they had the sickle cell trait could avoid having chil-
dren with other people who had the trait, and in this way, the disease 
would eventually be eradicated. This approach could succeed because 
sickle cell disease is a recessive genetic disorder, meaning that a person 
who actually has the disease has inherited two copies of the disease gene, 
one from each parent. On the other hand, “carriers,” that is, people with 
only one copy of the disease gene, don’t have the actual disease, but they 
can pass the gene on to their children, and if they conceive the child with 
another person who has the gene, there is a 25 percent chance that the 
child will inherit one copy from each parent and therefore manifest the 
disease. (A similar program that relies on stopping carriers of a genetic 
disease from reproducing, the Orthodox Jewish campaign against Tay-
Sachs mentioned earlier, has been largely successful.)

The problem with the sickle cell screening program was that it was 
not accompanied by adequate public education. Few people understood 
what it meant for a genetic disorder to be recessive, with the result that 
many persons who only had one copy of the gene mistakenly interpreted 
a positive test result to mean that they actually had the disease. More-
over, many persons who were tested did not understand that sickle cell is 
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a disease with a “highly variable expression,” meaning that the severity of 
the disease varies substantially from one individual to another, and that 
some people who are affected will only display mild symptoms; as a con-
sequence, many of those who found out from the test that they had the 
disease before they noticed symptoms erroneously assumed that they 
were bound to get the disease in its full-blown form, which is marked by 
episodes of intense pain, serious infections, and organ damage. Eventu-
ally most of the mandatory screening laws were repealed, but not before 
many people suffered unnecessary emotional distress. And in a bizarre 
footnote, lest you think that winning a Nobel Prize for science equips you 
to make good public health policy, Nobel laureate Linus Pauling, who 
did pioneering work in the late 1940s on the molecular basis for sickle 
cell disease, urged that all carriers of the sickle cell trait be tattooed with 
an “S” on their foreheads so that they could avoid reproducing with an-
other carrier.18

Even when it comes to dealing with straightforward public health 
risks such as highly communicable diseases, public health offi cials can 
overstep their bounds. In 2007, an Atlanta lawyer named Andrew 
Speaker reportedly ignored the fact that he had contracted a highly con-
tagious, drug-resistant form of TB and cavalierly fl ew to Europe to get 
married. The press accounts described how the doughty CDC tracked 
the miscreant down in Italy and asked him to stay put while they decided 
on the proper course of action; Speaker allegedly did not want to get 
stuck in an Italian hospital, so he fl ew to Prague and then on to Mon-
treal, rented a car, and drove to New York, having dodged the fact that 
his name was on the government no-fl y list by not fl ying into the United 
States, and having lucked out crossing from Canada to the States be-
cause the border patrol ignored an order to detain him. The CDC, the 
story goes, fi nally nabbed Speaker when he eventually showed up at a 
hospital in New York.19

Speaker tells a somewhat different story, however. According to his 
account, he contracted TB when he visited Vietnam in 2006 as a good-
will ambassador for the Rotary Club, and while he was receiving treat-
ment, he made plans to get married in Greece and go on a two-week 
European honeymoon. Two weeks before he and his fi ancée were due 
to leave, Speaker’s doctors told him that he was suffering from a rare, 
highly drug-resistant form of the disease, that he needed to get treated 
for it at a Denver hospital that specialized in cases like his, and that it 
would take about three weeks for them to make the arrangements. His 
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doctors, however, told him that he would not be quarantined in Den-
ver, because he was neither contagious nor a threat to anyone’s health, 
and that until then he could go about his daily life. Although his doctors 
advised him not to go to Europe, Speaker fi gured that he could squeeze 
his wedding and honeymoon in during the time the arrangements were 
being made in Denver, so he went ahead with the trip. While he was in 
Europe, the CDC contacted him and told him for the fi rst time that his 
TB was “extensively drug resistant,” the most dangerous form of the dis-
ease. Later testing showed that the CDC had been wrong; Speaker in fact 
was infected with a less drug-resistant version.20 Speaker eventually got 
to Denver and received the treatment he needed.

Speaker was accused of ignoring his doctors’ advice, but he was a 
model citizen compared with Robert Daniels, who was diagnosed with 
extensively drug-resistant TB around the same time. Daniels was born 
in Russia, moved to Phoenix with his parents when he was a child, went 
back to Russia in the late 1990s, and contracted TB, probably while he 
was serving a jail sentence for possession of marijuana. “You could catch 
it anywhere,” Daniels explained. “I just had a low immune system be-
cause I was, you know, partying a lot. I was young—too much beer, vodka, 
women, smoking.”21 At fi rst, Daniels’s TB didn’t seem to be that serious. 
When it got worse, however, he fl ew back to Phoenix. After working as 
a manual laborer while living in his used car, he ended up in a TB resi-
dential treatment facility for homeless persons. But he failed to take the 
drugs he was supposed to and, as a result, developed the same exten-
sively drug-resistant form of TB that the CDC had at fi rst erroneously 
thought affl icted Andrew Speaker. Not only did Daniels not comply with 
his treatment regimen, but he refused to wear a face mask in public.

Daniels, like Speaker, eventually got treatment in Denver, and given his 
reckless behavior, it probably made sense to quarantine him until the treat-
ment could be administered. But in Phoenix, Daniels had the misfortune 
to run into Maricopa County sheriff Joseph Arpaio, who describes him-
self as “America’s toughest sheriff.”22 Despite an Arizona law requiring 
that quarantined persons be kept in the “least restrictive environment,”23 
Arpaio locked Daniels in the county hospital in a solitary confi nement 
cell reserved for convicted criminals who need medical treatment. Ac-
cording to the American Civil Liberties Union (ACLU), which later fi led 
a suit on Daniels’s behalf, he was not allowed to go  outside, look out of 
a window, exercise, have access to TV or the Internet, or receive visitors. 
He was watched by a video camera 24 hours a day, and the light in his 
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cell was never turned off. He had no fresh air, lost 25 pounds, and was 
not allowed to take a shower for nine months. His ordeal only ended 
because of the ACLU’s intervention.24 The point is that Daniels was not a 
criminal, but a patient under public health quarantine. Considering Jus-
tice Harlan’s statement in the Jacobson case that the exercise of public 
health powers may not be “arbitrary or unreasonable,” Daniels’s treat-
ment is hardly consistent with Harlan’s admonition.

The greater the perceived threat to the public’s health, the more the 
public health system seems inclined to overreact. The latest example is the 
response to 9/11 and the subsequent anthrax attacks by mail. Investiga-
tions after these incidents showed the woeful inadequacies in the  public 
health infrastructure—the network of health professionals, government 
agencies, hospitals and other community health care institutions, train-
ing facilities, laboratories, supplies and equipment, and information 
systems counted on to respond to public health emergencies. The inves-
tigations prompted an immediate, large-scale increase in public health 
spending. But additionally, many public health professionals felt that 
they did not have adequate legal authority and discretion to respond 
effectively to bioterrorism. So they obtained funding from the Robert 
Wood Johnson Foundation and the W. K. Kellogg Foundation to sup-
port the drafting of a new model law for states to adopt. The initial ver-
sion of the law, however, was vastly overreaching, and the drafters had to 
scale it back considerably in response to blistering criticism from human 
rights advocates. Just to take one example, under the original language, 
state or local public health offi cials, acting entirely on their own initia-
tive, could have imposed compulsory screening for any health condition 
that they regarded as a serious threat to the community.25 This would 
have allowed them, for instance, to require all pregnant women to un-
dergo prenatal genetic testing to determine the health status of their fe-
tuses, a step that appears to have been endorsed by the American College 
of Obstetrics and Gynecology for conditions such as Down’s syndrome, 
but which has been steadfastly opposed by pro-life and disability rights 
groups. The original version of the law also would have authorized pub-
lic health offi cials to cut off Medicaid and welfare benefi ts for pregnant 
women who refused to be tested.26

So while the powers vested in the public health system seem expan-
sive enough to protect the human lineage, the risk is that they would 
be applied arbitrarily or unreasonably, as Justice Harlan cautioned. So 
how can the government use its public health powers to protect the lin-
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eage without overstepping its bounds? There are a couple of options. 
One is to employ a so-called command-and-control approach similar 
to the one recommended in the previous chapter for dealing with en-
gineering that harms children. Reasonable laws could be enacted that 
prohibited parents from selecting their children’s sex, deliberately pro-
ducing children who could only mate with other engineered children, 
or making too many of the same engineering choices as other parents. 
These laws could be enacted proactively, or public health offi cials could 
establish tolerances for gender ratios and common engineering choices 
and only impose restrictions if the tolerances were exceeded. Children’s 
DNA could be sequenced as part of newborn screening. Once illicit 
acts were discovered, the authorities could order the parents to iden-
tify the health professionals who performed the engineering, who would 
then face sanctions.

An alternative to a command-and-control approach would be for pub-
lic health authorities to adopt an incentive program in which parents 
who conformed to government reproductive guidelines would receive 
tax credits or other economic benefi ts. This would not control parental 
engineering behavior completely, since parents who felt strongly enough 
simply could forego the incentives and proceed as they wished, but it 
might reduce the number of troublesome births suffi ciently that they 
dropped below the threshold necessary to imperil the lineage. If the in-
centive approach appeared to be failing, more coercive measures could 
be implemented.

But let’s look more closely at some of the practical problems. It might 
be possible for public health offi cers to use genetic testing or physical 
examination to ascertain that parents had made their children capable 
of mating only with other engineered individuals. But how would the 
public health authorities know that parents had engaged in sex selec-
tion? A requirement could be imposed on health care professionals to 
report the actions they had taken at parents’ behests, but a professional 
who was willing to assist parents in engaging in unlawful sex selection 
would be unlikely to admit it. Public health offi cials could discern from 
birth records whether a gender imbalance was occurring at the popula-
tion level, but how would they determine which parents were respon-
sible for it, that is, which parents had made deliberate choices about the 
sex of their children? Determining whether too much genetic diversity 
was being lost because parents were making too many of the same engi-
neering decisions might be somewhat easier, since newborn DNA could 
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be sequenced during newborn screening and compared with the DNA 
of other newborns. But avoiding too much uniformity would seem to 
require the government to keep score of the engineering decisions that 
parents and professionals were making and getting enough parents to 
make different decisions so that a suffi cient amount of genetic diversity 
was maintained. Of course, to do this, it would have to be possible to 
calculate how much genetic variation would be suffi cient to assure the 
survival of the lineage, which in turn would require anticipating what 
future environmental threats the lineage might face and how much di-
versity would be necessary to enable humanity to overcome them.

At the present, answers to these questions would be highly specula-
tive, although they might become less uncertain as our knowledge in-
creases. But even assuming that we fi gured out how much diversity was 
needed, public health offi cials would have to be able to make parents 
make suffi ciently diverse engineering decisions, and this might only be 
possible if parents were required to obtain a permit before they modifi ed 
a child. The parents then could be given a certain number of selections 
to make from a government list, and the lists could be changed for dif-
ferent parents based on the results of newborn screening so that parents 
were making modifi cations that preserved a suffi cient amount of genetic 
diversity. The permit also could instruct parents what gender to select if 
they wished to choose their child’s gender.

Would public health offi cials be allowed to go this far? The last time 
they attempted to interfere with reproductive freedom to a signifi cant 
degree was during the twentieth-century eugenic movement, where they 
sterilized people without their consent to prevent them from passing on 
“defective” genes to their children. Regulating parents’ genetic engineer-
ing decisions might be more acceptable, however, since it clearly would 
be less intrusive insofar as it did not entail surgically altering either the 
parents or their children. In fact, the measures needed to preserve the 
lineage bear a resemblance to what some experts have suggested might 
be needed in order to curb runaway population growth. In 2009, then 
Fox News broadcaster Glenn Beck accused John Holdren, President 
Obama’s director of the White House Offi ce of Science and Technology 
Policy, of advocating that sterilants be added to drinking water for this 
purpose.27 This was typical Glenn Beck; what Holdren actually had said 
in a 1977 book he wrote with Paul and Anne Ehrlich was that there was 
no sign of a safe sterilizing agent on the horizon, and that “the risk of 
serious, unforeseen side effects, would, in our opinion, militate against 



224  managing risk in evolutionary engineering

the use of any such agent, even though this plan has the advantage of 
avoiding the need for socioeconomic pressures that might tend to dis-
criminate against particular groups or penalize children” (emphasis in 
original).28 Still, Holdren and the Ehrlichs did indeed say that “people 
should long ago have begun exploring, developing, and discussing all 
possible means of population control. But they did not, and time has 
nearly run out.”29 They also wrote that “several coercive proposals de-
serve discussion, mainly because some countries may ultimately have to 
resort to them unless current trends in birth rates are rapidly reversed 
by other means,”30 and that while “compulsory control of family size is an 
unpalatable idea . . . , the alternatives may be much more horrifying.”31 
This suggests that there might be some sentiment, at least among anti-
engineering activists, in favor of even a draconian regulatory program 
for evolutionary engineering if circumstances were deemed to warrant it.

If the necessary degree of government control over reproductive deci-
sion making garnered enough popular support to become the law, would 
it pass constitutional muster? On the one hand, the Supreme Court has 
accorded governmental authorities a broad degree of discretion when 
they act to protect life. “Where it has a rational basis to act, and it does 
not impose an undue burden,” the court declared in Gonzalez v. Car-
hart, the case in which it upheld so-called partial-birth abortions, “the 
State may use its regulatory power to bar certain procedures and substi-
tute others, all in furtherance of its legitimate interests in regulating the 
medical profession in order to promote respect for life, including life of 
the unborn.”32 John Holdren, the director of President Obama’s White 
House Offi ce of Science and Technology Policy, argued in the book men-
tioned earlier that “compulsory population-control laws, even including 
laws requiring compulsory abortion, could be sustained under the ex-
isting Constitution if the population crisis became suffi ciently severe to 
endanger the society,”33 and that “if society’s survival depended on having 
more children, women could be required to bear children, just as men 
can constitutionally be required to serve in the armed forces.”34 Holdren 
does not cite any authority for his expansive claims about the power of 
the state to control reproductive behavior, but if he is correct that laws to 
protect society can pass constitutional scrutiny, then the same ought to 
be true for laws that combat threats to the survival of the lineage.

On the other hand, when the Supreme Court refers to “life” in the Gon-
zales case, it clearly did not have in mind the human lineage. The intru-
sions on reproductive freedom that have been sanctioned by the court, 
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such as bans on later-term and “partial-birth” abortions, have all been 
aimed at ostensibly protecting embryos, fetuses, children, and mothers, 
rather than at preserving something as abstract and remote as the future 
of humanity. Nor is it easy to predict how justices would vote on a lineage 
protection program based on their religious or ideological viewpoints. 
Ordinarily the conservatives are most willing to restrict reproductive 
choices to protect future persons. Yet more libertarian-minded justices 
would be disinclined to uphold an intrusive regulatory regime that lim-
ited people’s ability to have children, even one that only applied to par-
ents who wished to engineer their offspring. Liberal justices traditionally 
have favored the maximum amount of reproductive freedom for parents, 
but they also would be likely to be more sympathetic to evolutionary 
engineering and therefore perhaps more willing to regulate it so that it 
could proceed more safely and effi caciously. A highly regulated approach 
for reproductive choices that was adopted to protect downstream gen-
erations might become somewhat more acceptable to the public and the 
courts after people had gotten used to a fi rst wave of programs that per-
mitted the government to intervene to protect engineered children from 
harm, but even so, the fate of these government efforts in the courts is 
diffi cult to predict, at least so long as threats to the lineage seem remote.

So perhaps adequate protections for the lineage cannot be imple-
mented in countries with a strong tradition of individual liberty like the 
United States, and many of their citizens may not survive or continue to 
reproduce in the event of a sudden, severe environmental challenge. But 
this does not necessarily mean that the human lineage is doomed. People 
in the Western democracies may become extinct, but the human lineage 
might persist so long as enough people managed to overcome extinction 
elsewhere. Whereas a future regulatory regime in which the government 
monitored and controlled reproductive decision making may be abhor-
rent to liberal societies, it may be acceptable in countries that have dif-
ferent political philosophies.

A number of countries, for instance, have laws against sex selection, 
including England, Australia, Canada, Germany, France, and South Korea, 
and it is prohibited by the Council of Europe’s 1997 Convention on Human 
Rights and Biomedicine except to avoid a sex-related genetic disorder, 
that is, one that stems from mutations on either the X or Y sex chromo-
some.35 In England, only private clinics that are not part of the National 
Health Service are allowed to perform sperm sorting for purposes of se-
lecting the gender of IVF embryos.
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India also has been no stranger to severe population control prac-
tices. After the government declared a state of emergency in the 1970s, 
it implemented a program of forced sterilization in the poorest parts of 
the country. One Indian state, Maharashtra, required men and women 
to be sterilized within six months of having their third child, and those 
who refused could be imprisoned for up to two years.36 To prevent law-
suits against the health care workers who performed the operations, the 
law declared that the surgeries did not constitute serious harm, and the 
law also stated that they did not violate religious principles. People who 
practiced birth control, primarily the middle and upper classes, were 
permitted to opt for compulsory abortion rather than sterilization after 
their third child. Informants who ratted on their neighbors were entitled 
to rewards, as were the medical workers who completed the most pro-
cedures.37 In 1976, government employees in New Delhi who had more 
than two children also were required to be sterilized and were denied 
public housing and other benefi ts.38

One technique used by the Indian government was to hold “family 
planning festivals.” The Ehrlichs and Holdren provide the following de-
scription of one such event: “In one district during July 1971, over 60,000 
vasectomies were performed at one festival. IUDs, condoms, and female 
sterilizations were also available. Greater than usual incentive payments 
and gifts were offered both to recipients and recruiters. The festival also 
included entertainment and cultural events. There was a great deal of 
publicity, and entertainers toured the surrounding countryside before-
hand to attract people to the festival.”39

This description makes these mass sterilization fairs sound like trips 
to the amusement park. In his novel A Fine Balance, however, Rohin-
ton Mistry provides a very different portrayal of the Indian population 
control program and, in particular, how it caught up with Ishvar and 
his 18-year-old nephew Om, two members of an untouchable caste who 
return to their village to fi nd Om a wife. Ishvar has just purchased a 
cotton candy for Om from a street vendor when a fl eet of trucks pulls 
up and they are grabbed along with everyone else in the village market, 
hustled onto the trucks, and driven to a sterilization camp. Like a family 
planning festival, the camp is festooned with balloons and banners. But 
this is no party. When four people dragged from one truck start scream-
ing, a doctor warns them to stop resisting because “if the knife slips it 
will harm you only.” An elderly woman asks why they are wasting time 
on her, since she is long past child-bearing age. An offi cial remarks that 
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“targets have to be achieved,” so the doctor is told to proceed. “These 
people often lie about their age,” the offi cial adds. “And appearances are 
deceptive. With their lifestyle, thirty can look like sixty, all shriveled by 
the sun.” A woman on the truck hands her baby to Ishvar as she climbs 
down. Ishvar holds the baby, and as he thinks of the children Om will 
never have and tears roll down his cheeks, Om turns away. Ishvar “did 
not need to ask the reason,” Mistry tells us. After Ishvar and Om are ster-
ilized, a man in the recovery tent reveals that he previously had been 
sterilized of his own free will. “These animals did it on me today for the 
second time.” “That’s like executing a dead man,” says Ishvar. “Don’t they 
listen to anything?” “What to do, bhai,” replies the man, “when educated 
people are behaving like savages. How do you talk to them? When the 
ones in power lose their reason there is no hope.” While the operations 
are underway, an offi cial tells the doctors there is no time to wait for 
their instruments to be completely sterilized. “He threatened to report 
them to higher authorities for lack of cooperation, promotions would 
be denied, salaries frozen.”40 As a result of being operated on with dirty 
instruments, Ishvar’s legs become infected and have to be amputated. 
Whereas before they were apprentice tailors, he and Om now have no 
choice but to become street beggars.

The country that currently goes the farthest in terms of controlling its 
citizens’ reproductive behavior is not India, however, but China. Chapter 
6 described elements of the Chinese program that are designed to pre-
vent the birth of children with disabilities, but the better-known aspect 
of China’s regulation of its citizen’s reproductive decisions is the govern-
ment’s one-child policy. Before the policy was adopted, China had gone 
through a succession of fl ip-fl ops over population control. When the 
Communists originally gained power, they regarded a larger population 
as an important measure of national strength, so they banned imports of 
contraceptives. But birth control gained offi cial sanction after the coun-
try was battered by food shortages in the early 1950s; Americans who 
are old enough may remember their parents encouraging them to eat 
everything put on their plates by reminding them of “all the starving 
children in China.” Then came the Great Leap forward, and all of a sud-
den population growth was desirable again. In 1958, for instance, the 
secretary of the Communist Youth League remarked that “the force of 
600 million liberated people is tens of thousands of times stronger than 
a nuclear explosion.”41 Later, population control was imposed once more 
after famine consumed an estimated 30 million lives. “In some of the cit-
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ies,” the Ehrlichs and Holdren wrote in 1977, “low birth rates have been 
so enthusiastically adopted as a goal that neighborhoods collectively de-
cide how many births will be allowed each year and award the privilege 
to ‘deserving couples.’ ”42 The results were lackluster, however, which led 
to the initiation in 1979 of the one-child policy, primarily for the major-
ity Han ethnic group. Couples who have more than one child face severe 
fi nes, and there have been reports of involuntary abortions and steriliza-
tions.43 The Chinese government contends that the policy has prevented 
400 million births.44

The prospect that states such as China that are willing to impose 
signifi cant controls on reproductive freedom would be the ones to sal-
vage the human lineage is, at the very least, ironic. In his 1992 book The 
End of History and the Last Man, Frances Fukuyama maintains that 
“the universalization of Western liberal democracy” is “the fi nal form of 
human government.”45 But if liberal democracies cannot fi nd a suitable 
balance between liberty and long-term survival, then as the saying goes, 
humans may end up all speaking Chinese.



Epilogue

Jews from Eastern Europe have diffi culty tracing their families back 
very far. Unlike Gentiles, we have no family bibles in which to en-

grave the names of our forbearers, and whatever records the synagogues 
kept were burned by the Nazis. I spent part of my childhood summers 
at my grandmother’s on my mother’s side, but my father’s parents died 
when I was a baby, and I never learned the identity or fate of my ma-
ternal grandfather. So sometimes I play a little mind game and invent a 
notional set of ancestors. I go back in time from one to the other, each 
one getting a third of a century and a brief moment of my imagination. I 
spend a few seconds giving them faces, clothing, and a bit of a narrative, 
and then I jump to the preceding one.

If you have never done this yourself, you should give it a try. See how 
far back you can get.

I am not able to keep two lineages in mind at the same time, so I 
only follow my father’s family. Even so, it is an awesome journey. Only 
sixty people stand between me and the ancestor who lived at the time of 
Christ. Go back another 780 and there’s the fi rst one to grow crops. Thirty 
thousand or so farther is the fi rst one to make fi re, another 270,000, the 
last one to swing through trees. I am the living embodiment of every one 
of those beings, and I feel a responsibility to them all.

Each of us stands not only at the end of such a long line of life but at 
the beginning of another, one that vanishes into a distant, potentially 
infi nite future. We owe a responsibility to the members of that line too. 
We are their ancestors.

Our descendants will encounter many great challenges. They will 
have to skirt global catastrophe, perhaps frequently. By the time the sun 
dies, they will have to have colonized space, where they no doubt will meet 
their fi rst intelligent aliens. Yet humanity faces a great test now as well. 
Rather than just passing genes on to our offspring the way those before 
us did, we are acquiring the technological wherewithal to reconstruct 
those genes. If we botch it, children will suffer, the lineage may die out, 
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and that will be that. If we succeed, we will earn the gratitude of our de-
scendants. It seems to me that we owe it to all those ancestors and to all 
those potential descendants to get it right. We also owe it to each other. 
After all, many evolutionary biologists happen to agree with creationists 
that, at some point in the past, all of our ancestors were the same person.
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