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O, won der!
How many goodly creatures are  there  here!
How beauteous mankind is! O brave new world,
That has such  people in’t!

—WILLIAM SHAKESPEARE, THE TEMPEST

Over the years, the unthinkable has become conceivable.
 Today we sense that we are close to being able to alter  human 

heredity.
Now we must face the question:
How, if at all, do we as a society want to use this capability?

—DAVID BALTIMORE, INTERNATIONAL SUMMIT ON   

HUMAN GENE EDITING
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I was at the airport in Montréal waiting for my connection to 
Toronto, en route to a CRISPR (pronounced “crisper”) genome 
editing workshop. The workshop, hosted by the ArtSci Salon, featured 
Portuguese bio- artist Marta De Menezes. Her thought- provoking 
visual art invites audiences to ask and answer the question “What is 
nature?” De Menezes is perhaps best known for her work in modi-
fying the eyespot patterns in the wings of live butterflies solely for 
artistic purposes.

Deep in conversation with a friend about the upcoming workshop, 
I failed to notice a young man sitting across from us, listening,  until 
he interrupted us to ask me what I did for a living. I explained that 
I am a university professor who studies ethical issues related to 
 human reproduction and ge ne tics. In turn, I asked him why he was 
interested in our discussion. He told me that he listens to Joe Rogan 
podcasts and  that there had been an episode on CRISPR genome 
editing. He thought CRISPR was our salvation. I was taken aback. 
In my experience, few ordinary citizens have heard of CRISPR—the 
acronym for clustered regularly interspaced short palindromic repeats.
Moreover, when I have briefly explained the science and ethics of 

Prologue
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2 • Altered Inheritance

CRISPR genome editing to  family, friends, and colleagues, most have 
expressed concerns about designer babies.

I told the young man who  later introduced himself as Justin that 
I had never heard of Joe Rogan. Justin was more than a  little sur-
prised to learn this. He told me that I  really should listen to The Joe 
Rogan Experience. He was sure that I would learn a lot. Justin told 
me of his interest in  human enhancement and his hope that we humans 
clustered regularly interspaced short palindromic repeats might one day 
be immortal. “Why?” I asked, to which he responded: “Who  wouldn’t 
want to live forever? Why die if you  don’t have to? Why take a chance 
on finding out that  there is nothing out  there—on the other side—in 
which case  there is no reason for us to be  here?” Justin firmly believed 
that if scientists could use ge ne tics to forestall the physical decline 
and  mental deterioration typically associated with aging, then living 
forever would be “ great.”

• • •

In the days following our conversation, I reflected on Justin’s in-
terest in  human enhancement and, more specifically, his interest in 
immortality (which  isn’t exactly among the promises of CRISPR 
technology). While I could appreciate his interest in “living better,” 
I  couldn’t quite understand his interest in “living longer” and pos-
sibly living forever. Why would anyone want to live forever? From 
my perspective, part of what makes life precious is the fact that it is 
finite. We have only so much time in which to experience the world.

In an effort to better understand Justin’s perspective, I went 
looking for Joe Rogan’s CRISPR podcast. I found one from No-
vember  2017 titled “Joe Rogan on CRISPR Changing DNA” with 
guests Krystyna Hutchinson and Corinne Fisher (fellow comedians):

Joe Rogan:  They are starting to experiment with this new method 
of altering DNA. They are figuring out a way to do it with 
nonviable  human embryos and they are starting to do it now 
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with  humans now that are alive . . .  This technology is not  going 
to just change the way you look, it’ll literally change who you 
are. It’s  going to stretch your legs out. It’s  going to change your 
features . . .  They think they are  going to be able to knock out 
Alzheimer’s. They are  going to be able to stop a lot of the genes 
that allow  people to have Parkinson’s, and a lot of dif fer ent 
ailments that  people have. They have isolated  those genes and 
they think they can shut them off.

Krystyna Hutchinson:  Wow. That’s good, but I also think that I 
 don’t want to live to be 150.

Joe Rogan:  You might be able to though. This is what is  going to 
get  really weird. You might not want to and you might say that, 
but maybe if  you’re eighty and someone says, “Hey you want to 
be thirty again?” You might go “wow.”

Corinne Fisher:  If I was in good health I  wouldn’t mind it.
Joe Rogan:  It might physically be pos si ble for you to not just look 

thirty but be thirty. Like literally change your cellular structure 
to the point where  you’re a young person.

Krystyna Hutchinson:  And that’s  going to be the destruction of 
our society.

As I listened to this exchange, I was encouraged to hear ordinary 
 people seriously discussing the big picture of  human genome editing 
without getting bogged down in the details. At times, too, I found 
myself wanting to join the conversation. For example, I wanted to 
ask Joe to explain what he meant when he said that CRISPR could 
“literally change who you are.” And I wanted Krystyna to expand 
on what she saw as the long- term disruptive potential of CRISPR 
genome editing technology. In addition to asking questions of the 
host and his guests, I would have liked to expand the conversation 
by introducing a range of alternative perspectives that listeners might 
consider in reaching their own opinions about the ethics of  human 
genome editing (also called  human gene editing).
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Listening to this podcast provided further impetus for this book— a 
book that aims to bridge the divides between theory, science, politics, 
and practice in a manner that is engaging, widely accessible, and 
potentially influential; a book that aims to empower  others by intro-
ducing them to novel perspectives and inviting them to critically ex-
amine arguments both for and against heritable  human genome 
editing. In my view, every one should have a say in  whether modifying 
our genes and the genes of our descendants is something we should do.

• • •

At the CRISPR workshop in Toronto, I learned to make streptomycin- 
resistant E. coli bacteria using a do- it- yourself CRISPR kit. The 
pro cess was surprisingly  simple. The day before the workshop, De 
Menezes prepared the petri dishes for the experiment. This involved 
making culture media (a nutrient source for the bacteria to grow on), 
pouring enough media into each petri dish to cover the bottom sur-
face, and then allowing the media to set overnight into a semi- solid 
gel. A  little like making Jell-O.

On the first day of the workshop, following the instructions in the 
do- it- yourself CRISPR kit, I combined Cas9 (an enzyme often de-
scribed as molecular scissors) with a guide RNA (a short sequence of 
bases predesigned to match a target DNA sequence in the bacteria) in 
a small tube. I then added this and a template DNA to a cell mix-
ture containing the E. coli bacteria. Following instructions from De 
Menezes, that eve ning I took the tube home, tucked in my bra to keep 
the contents warm. It was bitterly cold outside. That night I slept with 
the tube in my bed, again to keep the contents warm. A professional 
scientist, no doubt, would have left the tube in an incubator in a lab.

The next day, back at the workshop, I used a small tool called an 
inoculation loop to spread the contents of the tube on top of the ge-
latinous culture media containing the antibiotic streptomycin. I then 
put the lid on the petri dish and sealed it shut with tape. The dish was 
incubated at room temperature for another twenty- four hours,  after 
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which I observed yellowish bacteria growing on the plate— evidence 
that E. coli bacterial colonies had been successfully edited and so 
could survive in the cell medium containing streptomycin. Strepto-
mycin is an antibiotic used to treat bacterial infections. Normally E. 
coli bacteria do not survive in the presence of streptomycin.

I brought the sealed petri dish with the streptomycin- resistant E. 
coli back to Halifax in my hand luggage so that I could watch the 
bacteria grow over the next few days. A week or so  later, I poured 
bleach in the petri dish and discarded it.

• • •

The com pany that supplied the do- it- yourself CRISPR kit— The 
ODIN— was founded by Josiah Zayner, a biophysicist and self- 
described leader in the global biohacker movement. He believes in 
participatory science, and thinks that CRISPR genome editing tech-
nology should be available to all and sundry: it “ can’t just be in the 
hands of wealthy corporations, it is too power ful and needs to be 
made available to every one.” Zayner’s com pany is his contribution 
to the proj ect of demo cratizing science— helping to create “institu-
tions and practices that fully incorporate princi ples of accessibility, 
transparency, and accountability.”

Though Zayner has a doctorate in molecular biophysics and runs 
a small com pany, he is not your typical scientist or businessman, 
and this is not just  because of his multiple tattoos, his piercings, and 
his shock of dyed blond hair. He stands apart  because of his self- 
experimentation that sidesteps research ethics oversight. One self- 
experiment involved an attempt at a full body microbiome transplant 
to treat gastrointestinal pain, which he chronicled in a short docu-
mentary called Gut Hack. Another such experiment involved an 
attempt to genet ically engineer his skin color. His most widely publi-
cized self- experiment, however, was live- streamed in October 2017 
from a synthetic biology industry meeting (SynBioBeta) in San Fran-
cisco. Zayner injected the CRISPR genome editing technology into 
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his left forearm in an attempt to delete the myostatin gene. His goal? To 
grow bigger muscles in his forearm without spending time at the gym.

Not long thereafter, others followed Zayner’s lead and publicly 
injected themselves with CRISPR “treatments” developed by another 
biohacking company—Ascendance Biomedical. In October 2017, 
Tristan Roberts injected himself with an untested “treatment” for 
HIV infection and in February 2018, Aaron Traywick injected himself 
with an untested “treatment” for herpes. In the interim, in November 
2017 the US Food and Drug Administration (FDA) issued a warning 
against the self-administration of gene therapy: “FDA is aware that 
gene therapy products intended for self-administration and ‘do it 
yourself’ kits to produce gene therapies for self-administration are 
being made available to the public. The sale of these products is against 
the law.” Zayner did not heed this warning, which he may have be-
lieved did not concern his company. In reflecting on his own CRISPR 
“stunt,” however, he characterized it as “social activism” gone awry. 
At the same time, he worried aloud that someone might get seriously 
hurt. Another who shares this worry has since filed “a complaint of 
unlicensed practice of medicine” against Zayner, which the California 
Department of Consumer Affairs is investigating.

The immediate (and long- term) potential harms of CRISPR are 
not  limited to biohackers. As CRISPR and similar genome editing 
technologies (including base editing) develop within and outside of 
mainstream laboratories, our cells, ourselves, and our world are at 
risk of harm. For our cells,  there is the risk of unintended and un-
wanted modifications that may result in one or more of the three 
Ds— disease, disability, or death. For ourselves and our world,  there 
is the risk that as we use our knowledge of heredity to improve on 
our biology, our social norms and patterns of interaction  will shift 
in ways that undermine both social well- being and social relations. 
For example, we may seek to use genome editing technology to better 
approximate the “ideal”  human (as if we  were no more than a bundle 
of genes), and find ourselves unwittingly embracing a certain homo-

 EBSCOhost - printed on 2/13/2023 6:23 AM via . All use subject to https://www.ebsco.com/terms-of-use



Prologue • 7

geneity and becoming less tolerant of perceived imperfection. A 
specific worry is that “difference”  will be seen as “disability,” and 
as something to be eliminated, not accommodated. In this way, the 
most dramatic lasting potential harms of this path- breaking tech-
nology might be societal, not biological.  These potential harms 
could become particularly acute if genome editing technology  were 
used not only to treat patients, but also to genet ically enhance indi-
viduals and possibly their descendants. Nathaniel Comfort, an 
American historian of science, summarizes  these concerns in poetic 
terms: “The greatest risk of hereditary determinism may be not the 
results it produces but the alternatives to which it blinds us. It ob-
scures the power of diversity, the beauty of chance, and the virtues 
of tolerance, by creating an illusion of perfectibility.”

• • •

We all have a stake in how  human genome editing might be devel-
oped and used. For this reason, we should all have an opportunity 
to reflect on and contribute to decision- making about a pos si ble new 
world in which  human genome editing is used to eliminate, intro-
duce, or modify genes.  These are early days in terms of the science 
of genome editing, and we have yet to see where public sentiment 
 will  settle following sustained, informed discussion and debate about 
the potential for CRISPR and similar genome editing technologies 
to mold ourselves and our  children in novel ways. My hope is that 
this book  will contribute to a nuanced appreciation of all that is 
potentially at stake in changing the ge ne tic inheritance of  future 
generations— which is considerably more than our biology.

 Toward this end, I provide a basic introduction to the science of 
somatic cell genome editing (changes that die with us), and heri-
table germline genome editing (changes that we pass on to our  children). 
Thereafter, the focus is on heritable germline genome editing with 
par tic u lar attention to what might be gained and what might be 
lost with the development and use of this technology.
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I argue that broad societal consensus  will be the way forward in 
learning how best to harness the power of genome editing for the 
benefit of humankind. Broad societal consensus is a pro cess that in-
volves seeding global dialogue, engaging in a respectful exchange of 
divergent views and values, building trust, and exploiting collective 
intelligence on how best to use science and technology to create a 
better world. In so many ways, it is as much about how we engage 
with each other and arrive at decisions as it is about the decisions 
themselves. As I detail  later, scientists and ethicists can help generate 
new options and opportunities as they assume dif fer ent roles and re-
sponsibilities in discussions and debates about science policy.

My aim in writing this book is to improve the ethics literacy and 
science literacy of  those who are keen to reflect on the ethics and gov-
ernance of deliberately altering the genomes of our descendants. The 
intended audience is the  human  family— “all of us.” Discussions, deci-
sions, and policy choices about pos si ble  future uses of genome editing 
tools are not the sole purview of scientific, medical, po liti cal, corporate, 
or other elites. As we discuss and debate the ethics and the governance 
of heritable  human genome editing, we must reflect carefully on ex-
isting unjust social relations and structures, and critically assess whether 
the science and technology of  human genome editing can ameliorate 
or entrench them. Only in this way can we hope to meet our ethical 
obligation to care for each other and thereby care for all humanity.

I want to live in a world that promotes equity and justice and cel-
ebrates difference, a world where every one  matters. I want to live in 
a world where we embrace neighborliness, reciprocity, social soli-
darity, and community in pursuit of  human flourishing and the 
common good. I want to live in a world where we value collegial as 
opposed to competitive relations. I  don’t want to live in a world 
where a select, privileged few are able to inscribe their privilege in 
their DNA and thereby exacerbate unfair class divisions and other 
social injustices. For  these reasons, I want for all of us to reflect 
on whether heritable  human genome editing is a boon or a threat.
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Inside the O’Briens is a work of fiction by Lisa Genova that chron-
icles several years in the life of Joe O’Brien and his  family. At the 
age of forty- four, Joe, a Boston police officer, is diagnosed with Hun-
tington’s disease, a progressive brain disorder. Symptoms of Hun-
tington’s disease usually appear in a person’s thirties or forties and 
initially include involuntary jerking and twitching movements, as 
well as subtle emotional difficulties and disor ga nized thinking. 
As the disease progresses, prob lems develop with motor skills like 
walking, coordination, and balance; the involuntary jerking and 
twitching become more pronounced; and cognitive abilities and emo-
tions become further impaired. While  there are medi cations to help 
alleviate  these symptoms,  there is no cure. Most  people with Hunting-
ton’s disease die of this illness fifteen to twenty years  after the onset of 
symptoms.

The diagnosis of Huntington’s disease is only the beginning of 
Joe’s nightmare. At the same time that Joe learns he has this fatal 
disorder, he is made to understand that each of his four adult 
 children— JJ, Patrick, Meghan, and Katie— has a 50  percent chance 
of having inherited the disease from him.

1
Targeting a Single Gene
Huntington’s Disease
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Joe’s physician asks him if he would like to participate in a clin-
ical trial. As Genova writes: “Joe  doesn’t know the first  thing about 
science.” He does know, however, that “He’d chop off his own head 
and donate it to science right now if it’d save his kids. ‘I’ll do it. 
What ever it is. Sign me up.’ ”  Later in the story, Joe’s son JJ, who has 
since tested gene positive for Huntington’s disease (meaning that he 
 will develop the disease and may pass it on to his  children) shares a 
poignant moment with his  father. Choked with emotion following 
the birth of his firstborn son, he tells his dad, “I’d lie down in traffic 
for him right now.”

JJ is not the only one of Joe’s  children who is gene positive. Joe’s 
 daughter Meghan has been tested and learned that she too  will even-
tually get Huntington’s disease and experience serious physical, 
psychiatric, and cognitive challenges, as well as an early death. Joe’s 
wife, Rosie, breaks down in tears: “I think about their funeral ser-
vices, their beautiful  faces and their bodies in caskets, buried in the 
ground, and I  don’t want to spend one minute on this earth knowing 
two of my  children are buried beneath it.”

Imagine, just for a moment, that you are the parent of a child with 
a diagnosis of a fatal disease. What would you do to save your child’s 
life? When a child has a fatal illness, it is common for distraught 
parents to say they would offer up their lives in exchange for their 
child’s life. Knowing this kind of bartering is only wishful thinking, 
however, they may also pray for a miracle. Joe’s prayers start with 
this plea:

God, please help the scientists find a cure for HD [Huntington’s 
disease] so my  children  don’t lose their lives to this.

God, please let Patrick and Katie and baby Joseph be gene 
negative.

God, please let JJ and Meghan be cured, and let me live long 
enough to know  they’ll be okay. Or, if  there  can’t be a cure yet, 
let them not become symptomatic  until  they’re much older.
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While some parents pray, other parents dream. They dream of 
an alternate real ity in which their child’s death is not inevitable. 
For Jane Mervar, the wife and  mother of patients diagnosed with 
Huntington’s disease, that dream has a name: CRISPR. Unlike Joe 
O’Brien, Jane Mervar is not a fictional character.

In 2002, Jane Mervar’s six- year- old  daughter, Karli Mukka, was 
diagnosed with juvenile Huntington’s disease, a rare variation that 
afflicts  people younger than twenty. Six weeks  after Karli’s diagnosis, 
Jane’s husband, Karl Mukka, thirty- five years old, was diagnosed 
with Huntington’s disease. Two years  later, in 2004, Karli’s  sister 
Jacey was diagnosed with juvenile Huntington’s disease. She was 
thirteen years old at the time. Not long  after that, in 2007, her  sister 
Erica was diagnosed, at age seventeen. In 2010, eight years  after the 
onset of symptoms, Karli and Karl died within weeks of each other, 
leaving Jane to care for her  daughters Jacey and Erica. “CRISPR is 
my dream,” says Jane.

• • •

The  human genome is widely referred to as the “book of life.” For 
this reason, the familiar concept of editing has been used as a meta-
phor to describe the work of “finding and replacing” parts of the 
ge ne tic code in terms of “cutting and pasting” some of the letters or 
words in the book of life. Using CRISPR technology, scientists can 
remove, add, or alter the DNA (the genome) of living organisms. So 
it is that Jennifer Doudna, one of the co- discoverers of the CRISPR 
genome editing technology, predicts a  future in which the genome is 
as “malleable as a piece of literary prose at the mercy of the editor’s 
red pen.”

Despite the intuitive appeal of the genome editing meta phor,  others 
prefer the meta phor of genome engineering (or ge ne tic engineering) 
with its emphasis on designing and building. Additional meta phors 
in use include ge ne tic hacking and ge ne tic surgery. Still  others write 
about genome modification (or ge ne tic modification) without the use 
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12 • Altered Inheritance

of a meta phor as a way to avoid inadvertently conveying false in-
formation about the ease and accuracy with which genes and ge-
nomes can be manipulated. According to a 2017 study in the United 
States, journalists mostly use the term editing, while academics 
mostly use “modification” and “engineering.” Another study the 
same year in the United Kingdom, which involved patients and lay-
people from the rare disease, ge ne tic disease, and infertility commu-
nities, suggests that the term ge ne tic modification may cause confu-
sion  because of its association with genet ically modified crops and 
genet ically modified foods, which involve the introduction of for-
eign DNA. In this book, I mostly use the meta phor of genome ed-
iting, despite its shortcomings. My goal in writing this book is to 
empower  those who want to participate in discussions on the ethics 
and governance of  human genome editing, not to debate or try to 
shift the cultural metaphor of genome editing.

• • •

Huntington’s disease is a single gene neurodegenerative disorder (a 
ge ne tic disease caused by abnormalities in a single gene). The fre-
quency of this disease varies around the world, with the highest fre-
quencies found in Eu rope and countries of Eu ro pean origin such as 
the United States and Australia. The World Health Organ ization esti-
mates that in Western countries  there are between fifty and seventy 
cases per million  people.

To understand how Huntington’s disease is passed on from a bio-
logical parent to a child and what CRISPR may offer by way of a cure 
for patients and prevention of disease transmission, some back-
ground about  human ge ne tics  will be helpful. Deoxyribonucleic 
acid (DNA) is a long molecule in the shape of a double helix that 
encodes biological information, for example, instructions for making 
proteins. DNA is made up of four chemical bases— adenine (A), 
cytosine (C), guanine (G), and thymine (T)— which are arranged in 
twos to form the millions of base pairs in a DNA molecule. Adenine 
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always pairs with thymine, and cytosine always pairs with guanine. 
 These chemical letters spell out an organism’s ge ne tic code.

A gene is a section of DNA on a chromosome that controls the 
expression of vari ous traits such as eye color, cognitive abilities, and 
disease risk.  Humans have two copies of each gene; one copy is in-
herited from each biological parent. In this way, genes are the means 
by which ge ne tic information is passed down through the genera-
tions from parents to offspring. The gene copies inherited from each 
parent can be the same or dif fer ent. For example, a person may in-
herit two genes for brown eyes, or a gene for brown eyes and a gene 
for hazel eyes. Dif fer ent copies of a gene are known as alleles. Some-
times differences between genes are not just about variation (for 
example, eye color), but can be the result of a mutation resulting in 
ge ne tic disease. When this is the case, the proteins the genes normally 
code for may have  limited or no function.

The gene associated with Huntington’s disease is named hun-
tingtin (HTT). The HTT gene, which is located on the short arm of 
chromosome 4, includes a stretch of DNA that is made up of three 
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of the four chemical bases— C, A, and G. This stretch of DNA is 
known as the CAG repeat. Every one inherits two copies of the HTT 
gene (one from each biological parent), and most of us inherit two 
functional (normal) copies. A normal copy of the HTT gene has be-
tween 10 and 35 CAG repeats. A dysfunctional (faulty) copy of the 
HTT gene has more than 35 CAG repeats. A person who inherits one 
faulty HTT gene is at risk of developing Huntington’s disease  because 
the faulty gene dominates. Persons with between 36 and 39 CAG 
repeats in one of their two HTT genes may develop Huntington’s 
disease. Persons with 40 or more CAG repeats in one of their two 
HTT genes  will develop Huntington’s disease.

 Because Huntington’s disease is caused by a single gene mutation, 
it is a prime early target for clinical  trials involving somatic cell ge-
nome editing.  These would be clinical  trials involving the ge ne tic 
modification of patients’ somatic (nonreproductive) cells so that 
only they (and not their offspring) would be genet ically modified. 
As yet,  there are no such  trials for Huntington’s disease, but this is 
very likely just a  matter of time.

In 2017, a CRISPR pre- clinical trial (a trial in non- human ani-
mals) was shown to alleviate neurotoxicity and to reverse some of 
the neuropathological and behavioral signs of Huntington’s disease 
in mice that had been genet ically modified to have the disease. In 
early 2018 another team of researchers reported successfully excising 
the CAG repeat tract of the HTT gene in cells from a patient with 
Huntington’s disease using a new version of the Cas9 component of 
the CRISPR genome editing system. Usual next steps on the path to 
research in patients with Huntington’s disease would be additional 
basic research in cells and further pre- clinical research in mice and 
larger non- human animal models. In 2018, scientists succeeded in 
creating genet ically modified pigs with the movement prob lems and 
the respiratory and cognitive difficulties characteristic of  humans 
with Huntington’s disease.  Because  these genet ically modified pigs 
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are a better model of the disease than the genet ically modified mice, 
they could be useful for testing CRISPR genome editing technology 
in somatic cells. In time, with enough evidence of safety and efficacy, 
the plan would be to proceed with clinical  trials involving  humans.

• • •

While Jane Mervar dreams of a day when CRISPR  will “cure” her 
 daughters’ Huntington’s disease by correcting their faulty genes, 
 others dream of a world in which it  will be pos si ble to use CRISPR, 
or a similar genome editing technology, to “prevent” ge ne tic disease 
in  future generations. Somatic cell genome editing involves making 
ge ne tic changes to a patient’s somatic (body) cells or tissues without 
affecting their reproductive cells.  These ge ne tic changes can be made 
to cells or tissues in a laboratory  after which the modified cells or 
tissues are returned to the patient (ex vivo genome editing), or they 
can be made directly in a patient’s body (in vivo genome editing). 
 These changes are not heritable, meaning they are not passed on to 
 future  children. Germline genome editing involves making ge ne tic 
changes to reproductive cells (eggs and sperm, as well as the cells 
that give rise to eggs and sperm) or early stage (one- cell) embryos. 
 These changes are made in a laboratory. If the genet ically modified 
cells are then transferred to a  woman’s uterus for gestation and a 
child is born, the germline editing  will result in heritable changes— 
permanent changes to offspring and  future generations. Germline 
genome editing, then, involves the ge ne tic modification of reproduc-
tive cells and early stage embryos in the laboratory, and heritable 
genome editing involves the reproductive use of genet ically modi-
fied cells and early stage embryos.

Most  people with Huntington’s disease are heterozygous for the 
disease, meaning the two alleles are dif fer ent. They have one normal 
copy of the HTT gene (a gene with between 10 and 35 CAG repeats), 
and one faulty copy of the HTT gene (a gene with an expanded CAG 
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repeat). If a person with one faulty copy of the HTT gene reproduces 
with a person who has two normal copies of the HTT gene,  there is 
a 50  percent chance that their offspring  will inherit Huntington’s dis-
ease. This is  because Huntington’s disease is an autosomal domi-
nant disorder— the faulty HTT gene dominates, so only one copy 
of the faulty gene is needed for Huntington’s disease to develop. The 
odds of having an affected child increase to 75  percent when both 
biological parents are heterozygous for the disease (meaning each 
partner has one faulty HTT gene). Another possibility is that one 
biological parent is homozygous for the disease, meaning the two 
alleles are faulty. If one biological parent has two faulty copies of 
the HTT gene (which is exceedingly rare), then all of their  children 
 will inherit Huntington’s disease.

In cases where one or both prospective biological parents are 
heterozygous for Huntington’s disease (and so have a 50  percent or 
75   percent chance of having a child with this disease),  there are 
vari ous ge ne tic and reproductive technologies they can use to avoid 
transmitting Huntington’s disease to their  children. If a pregnancy 
has not yet been established, they can use preimplantation ge ne tic 
diagnosis (PGD) to identify which embryos have the faulty HTT 
gene and which embryos are disease- free. With this option, em-
bryos can be created outside of the  woman’s body using in vitro fer-
tilization (IVF). Once the embryos have developed for about five or 
six days, cells can be removed from the outer layer of each embryo 
and tested for Huntington’s disease. Embryos with the faulty HTT 
gene can be discarded, and the disease- free embryos can be used to 
initiate a pregnancy.

If a pregnancy has already been established, the prospective par-
ents can use prenatal ge ne tic testing (chorionic villus sampling or 
amniocentesis) to determine  whether the developing fetus has inher-
ited Huntington’s disease. Chorionic villus sampling involves re-
moving a small piece of placental tissue for testing and is usually 
done between ten and twelve weeks of pregnancy. Amniocentesis en-
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tails the withdrawal and screening of amniotic fluid (the fluid sur-
rounding the fetus) and is usually done between fifteen and twenty 
weeks of pregnancy. If the fetus has the disease, the prospective par-
ents can choose to terminate the pregnancy.

In the exceedingly rare case where one partner is homozygous for 
Huntington’s disease, neither PGD nor prenatal testing are options 
for avoiding the birth of  children with ge ne tic disease.  These  couples 
cannot produce disease- free embryos and so cannot benefit from 
technologies designed to identify disease- free embryos or fetuses. 
Current parenting options for  these  couples are  limited to egg, sperm, 
or embryo donation; domestic or international adoption; foster par-
enting; and other, more informal, parenting arrangements.

According to the proponents of heritable  human genome editing, 
 these family- making options are less than ideal  because one or both 
future parents would not have a ge ne tic relationship to the  children. 
They advocate creating IVF embryos using the prospective parents’ 
egg and sperm and then using germline genome editing to correct 
the disease- causing trait in the affected embryos. The hope is that 
in this way, prospective parents at risk of passing on a heritable 
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disease could have genet ically healthy and genet ically related 
 children.  Others insist that it would be unethical to create genet-
ically modified babies and expose  future  children to untold harms 
to satisfy a parental desire for ge ne tic relatedness. In response, the 
advocates of ge ne tic alteration insist that this is not a mere desire, 
but a compelling medical need.
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When we hear heartbreaking stories like Joe’s and Jane’s, we al-
most  can’t help but want what they so desperately want: to treat 
and to prevent ge ne tic disease. One hope is that patients with ge ne tic 
disease can be treated using somatic cell genome editing. Another 
hope is that ge ne tic disease can be prevented in  future generations 
using germline genome editing.

In very general terms,  human genome editing involves the delivery 
of an editing system to change an organism’s DNA.  These can be 
changes to DNA in somatic cells (all body cells except reproductive 
cells) or changes to DNA in reproductive cells (including eggs and 
sperm, and the cells that give rise to eggs and sperm) or early stage 
embryos. Changes to somatic cells are not heritable. They  will not 
be passed on to  future generations. Changes to reproductive cells or 
to early stage embryos are heritable if the modified cells are used 
for reproduction. The changes  will be passed down from parents to 
offspring through the generations. To be very clear on this point, with 
heritable germline genome editing the aim is not to help existing pa-
tients but to change a lineage—to alter inheritance.

2
From Editing a Genome to 
Altering Inheritance
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• • •

Recent empirical research seems to confirm the world’s enthusiasm 
for using somatic cell genome editing to treat disease in  people who 
have inherited a life- threatening or seriously debilitating illness. 
Using global social media (Facebook, Twitter, Google, and WeChat), 
Tristan McCaughey and his colleagues surveyed 12,562  people 
across 185 countries on vari ous pos si ble applications of genome ed-
iting technology. In 2016, they reported that a majority of survey 
respondents (59  percent) supported the use of genome editing in 
 children and adults to cure life- threatening or debilitating diseases. 
The following year, in 2017, a survey conducted by the Royal 
Society in the United Kingdom confirmed a high level of public sup-
port for somatic cell  human genome editing. Among the 2,061 survey 
respondents, 83  percent supported its use for other wise incurable 
life- threatening diseases (such as muscular dystrophy), 82  percent 
supported it for other wise curable life- threatening diseases (such as 
leukemia), and 73  percent supported it for non- life- threatening dis-
eases (such as arthritis). Also in 2017, Dietram Scheufele and his col-
leagues surveyed 1,600 adults in the United States, finding that 
64  percent of them supported somatic cell  human genome editing 
for therapeutic reasons. And researchers in 2017 conducted an on-
line survey in China on public attitudes to genome editing (described 
as gene therapy) with 13,563 respondents. They found strong sup-
port for somatic genome editing to treat debilitating diseases in 
adults (77  percent), fatal diseases in adults (81  percent), and fatal 
diseases in  children (83  percent). In 2018, Saskia Hendriks and col-
leagues reported on a 2016 cross- sectional online survey of 1,013 
Dutch participants. This survey examined  people’s willingness to use 
genome editing in dif fer ent contexts. Eighty- five  percent of respon-
dents  were willing to use genome editing to treat their own neuromus-
cular disease, thereby indicating considerable support for somatic 
cell  human genome editing.
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A careful review of the vari ous survey instruments and methodolo-
gies reveals a number of limitations among the studies, including re-
cruitment bias, bias as a result of translation, missing information 
about risks and about alternatives to altering genes, inability to con-
firm understanding of the science or the survey questions, as well as 
ambiguity, bias, and error in the questions (for example, the Chinese 
survey describes Down syndrome as a usually fatal ge ne tic disease). 
No doubt,  these limitations undermine the quality (and in some cases 
the validity) of some of the data reported. Nonetheless, the apparent 
convergence of opinion across nations since 2016 seems noteworthy.

Enthusiasm for somatic cell genome editing as a  future treatment 
for patients with inherited life- threatening or debilitating diseases is 
not surprising.  After all, who  doesn’t want Joe’s prayer for the health 
of his  children and grandchildren to be answered, or Jane’s CRISPR 
dream for her  daughters to come true? Even so, general excitement 
for this research has been tempered, as it should be, by scientific and 
ethical concerns. The availability or absence of effective therapeutic 
alternatives, and the need for a favorable (or proportionate) harm- 
benefit ratio are impor tant considerations in terms of trial design. En-
suring the safety, efficacy, and effectiveness of any ge ne tic modifica-
tion requires careful monitoring during clinical  trials, as well as 
ongoing, long- term follow-up.  Because any ge ne tic modification  will 
likely be permanent, the requirements of informed choice and the 
right to withdraw are particularly challenging. Beyond this, if somatic 
cell  human genome editing becomes an option for clinical care, sig-
nificant concerns about equitable access to the technology (and by ex-
tension, to its downstream benefits)  will have to be addressed; somatic 
cell genome editing is not likely to be a widely distributed benefit.

The potential health benefits of genome editing for patients with 
a serious ge ne tic disease are considerable, and many are excited at 
the promise of therapeutic somatic cell genome editing. They antici-
pate a world in which it  will be pos si ble to treat diseases involving 
a single faulty gene such as Huntington’s disease, cystic fibrosis, and 
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muscular dystrophy. They also imagine using somatic cell genome 
editing to treat more complex diseases with a ge ne tic basis, including 
cancers, dementia, and some forms of heart disease. Even more pro-
vocative is the  future possibility of using somatic cell genome ed-
iting in healthy individuals to prevent diseases through ge ne tic vac-
cination; for example, using viruses carry ing CRISPR / Cas9 to induce 
protective mutations. One might imagine, for example, editing the 
genes of liver cells to modify the regulation of lipoprotein in the 
blood, thereby preventing the development of atherosclerosis.

Alongside  these myriad potential benefits are a number of imme-
diate and long- term potential harms.  These harms may occur if scien-
tists are unable to control the genome editing technology and ensure 
that all changes made to a patient’s DNA are intended and have 
no unwanted side effects.

Among the most prominent safety concerns are so- called off- target 
effects.  These are unwanted and unpredictable ge ne tic changes to a 
patient’s DNA in an unintended part of the genome. Using the meta-
phor of a word pro cessing program, off- target effects would be 
like what would happen if a copy- editor used the “find and re-
place” function for the word hello and the program also found and 
replaced similar words like hell or jello.  These errors (edits in the 
wrong places) would scramble the meaning of the text. With genome 
editing, equivalent errors in the  human genome could seriously 
harm patients. Unintended and unwanted ge ne tic modifications 
could involve point mutations (when a single base in the ge ne tic 
code is changed), inversions (when two breaks occur in the same 
chromosome and the bases in the ge ne tic code between the breaks 
flip such that a segment of a chromosome is rotated 180 de-
grees), translocations (when a portion a chromosome breaks off, 
is transferred, and attaches to another chromosome), insertions, 
or deletions.

One potential harm that may occur many months or years  after 
somatic cell genome editing is cancer. For example, insertions or de-
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letions in a patient’s DNA could occur in a tumor suppressor gene 
and disrupt its ability to fight cancer. Conversely, a gene that has the 
potential to promote cancer (called an oncogene) could be turned 
on unintentionally by edits to the genome. In addition to cancer from 
off- target effects (edits in the wrong places),  there could be cancer 
from on- target effects (edits in the right places that have unintended 
consequences, such as a large gene deletion).

A third safety concern with somatic cell genome editing is the risk 
of genome- wide effects, where changes to one gene alter the expres-
sion of many genes in unpredictable ways, on dif fer ent chromosomes 
and in dif fer ent tissues. An example of this risk would be editing the 
MSTN gene that codes for the protein myostatin in someone with 
Duchenne muscular dystrophy (a fatal muscle disease caused by a 
faulty dystrophin gene) in the hope of maintaining muscle function 
for as long as pos si ble— and unintentionally having a negative ef-
fect on heart or bone tissue.

Some research suggests that the potential harms of somatic cell 
genome editing have been overstated. Conversely, other research sug-
gests  these risks are more serious than previously anticipated. At 
pre sent, the potential harms of somatic cell  human genome editing 
are unknown (and some would say unknowable).

Once  human  trials for somatic cell  human genome editing are well 
 under way, it is pos si ble that all  will go well through the vari ous 
stages of research and that in due course therapies involving the in-
sertion or deletion of one or more genes  will become available. It is 
more likely, however, that early research  will unveil safety and effi-
cacy challenges resulting from inaccurate or incomplete editing. One 
possibility is that somatic cell  human genome editing  will prove safe, 
but in effec tive. Another possibility is that the genome editing  will 
be effective, but turn out to be unsafe (or unpredictable). Imagine, 
for example, that the target gene is effectively modified, but that the 
patient experiences life- threatening complications as a result of un-
intended changes to other regions of the genome.

 EBSCOhost - printed on 2/13/2023 6:23 AM via . All use subject to https://www.ebsco.com/terms-of-use



24 • Altered Inheritance

At this time, with all of the heady enthusiasm for  human somatic 
cell genome editing for therapeutic purposes, it is impor tant to be 
mindful of the history of gene transfer research to develop gene 
therapies— a history that should give us pause about the safety of 
genome editing research involving  humans. The first gene transfer 
experiment, in 1980 by Martin Cline, an American hematologist at 
the University of California, Los Angeles (UCLA), was unauthorized. 
It involved two patients with severe β- thalassemia (an inherited, po-
tentially fatal blood disorder). Cline’s experiment was designed to 
deliver DNA into patients’ cells in an effort to treat their disease. 
The patients  were neither physically helped nor harmed by the ex-
periment. But Cline did not have prior research ethics approval from 
UCLA. Moreover, he failed to inform the relevant authorities at the 
institutions in Jerusalem and Naples, where the research was under-
taken, that it involved recombinant DNA. He was sanctioned by 
the US National Institutes of Health (NIH) for  these violations.

Since then,  there have been thousands of gene transfer  trials in 
 humans, and recently some of  these  trials have begun to report some 
success. But safety concerns are not a  thing of the past. Indeed, prom-
inent scientists continue to issue warnings about the dangers of 
gene transfer research. In 1999, Jesse Gelsinger, an eighteen- year- old 
patient with a mild form of ornithine transcarbamylase (OTC) defi-
ciency (a liver disease), died in a gene transfer clinical trial. His death 
was a direct result of a fatal reaction to the gene- altered viruses used 
to deliver healthy copies of the OTC gene. James Wilson, director 
of the Gene Therapy Program at the University of Pennsylvania and 
the lead scientist in the Gelsinger trial, is now warning of pos si ble 
toxic effects with high- dose gene transfer in current and pending 
clinical  trials involving  children with Duchenne muscular dystrophy. 
At this time,  there is no reason to think that somatic cell  human ge-
nome editing research, which involves delivering an editing system 
into a person’s cells to correct their DNA,  will be any less risky than 
gene transfer research.
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An impor tant feature of the Gelsinger case is that the patient was 
reasonably healthy. OTC deficiency is a serious ge ne tic disease. It af-
fects one in  every forty thousand newborns, half of whom die 
within a month of birth, while another quarter die by age five. 
Gelsinger had only partial OTC deficiency; he was able to manage 
his health with a low- protein diet and drugs. Should he have been 
enrolled in this trial? In the aftermath, many suggested that the ini-
tial research participants should have been newborns with a lethal 
form of OTC, not a young adult with a mild form of the disorder. 
Weighing the potential harms against the pos si ble benefits of re-
search participation is a critical ele ment of ethical clinical research.

• • •

Currently, in many countries, taxpayers are the venture cap i tal ists 
for somatic cell  human genome editing research, without any ob-
vious prospect of direct return on investment. This is the case in both 
high-  and middle- income countries where governments invest sig-
nificant tax dollars in research without, at the same time, preparing 
to invest equivalent tax dollars in the clinical delivery of any thera-
pies that may result. A small royalty on the revenues of companies 
that capitalize on government- funded research might be one posi-
tive step  toward eve ning the scale for taxpayers.

The current situation raises serious concerns about equitable ac-
cess to the fruits of publicly funded somatic cell genome editing re-
search. If governments that fund such research do not, at the same 
time, commit to publicly funding the therapies that are developed 
as a result of the research, then arguably they are using the public 
purse to subsidize potential  future therapies for a privileged few 
( those who could afford the therapy without public funding). To put 
it mildly, this is morally questionable. Moreover, I doubt  there would 
be widespread enthusiasm for  human genome editing research if it 
 were clear from the outset that potential therapies would be an ex-
orbitant luxury beyond the reach of most  people.
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In an effort to preempt discontent among taxpayers (citizen- 
investors), some governments, quasi- governmental organ izations, 
and scientists sometimes insist that the principal benefit of  human 
genome editing research is an increase in basic knowledge. This 
knowledge is invariably described as a morally neutral good in 
the public interest. Added to this is the suggestion that eventually this 
knowledge  will result in trickle- down benefits for many, if not all. 
Another response is that while initially the costs  will be high, the 
downstream applications  will become affordable. Substantiating this 
claim is the significant reduction over time in the cost of sequencing 
the  human genome.

We  can’t yet know what somatic cell  human genome editing ther-
apies  will cost when they first become available outside of a clinical 
trial. But if the cost of gene transfer therapies for inherited ge ne tic 
disorders is any indication, genome editing therapies  will likely be 
very expensive and not widely accessible. Consider, for example, the 
gene therapy drug Glybera, which is designed to correct the faulty 
gene responsible for lipoprotein lipase deficiency (an ultra- rare in-
herited disorder that  causes pancreatitis and severe abdominal pain). 
In 2012, Glybera became the world’s first licensed gene therapy of 
its kind following market authorization by the Eu ro pean Commis-
sion. And in 2015 when the drug went on the market, it became the 
world’s most expensive drug, at approximately one million US dol-
lars for a one- time dose. Though safe and effective, this gene therapy 
proved to be a commercial failure, due to  limited demand and its 
high cost. In October 2017, it was withdrawn from the Eu ro pean 
market when the com pany let the license expire. According to the 
NIH, one person in a million suffers from lipoprotein lipase defi-
ciency, although in the Sag ue nay region of Québec, Canada, the rate 
is as high as two hundred  people per million. Worldwide, thirty- one 
 people received Glybera— only one of whom was a paying customer 
(through insurance). Among the other thirty individuals, twenty- 
seven  were clinical trial participants and three  were patients known 
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to the physician who arranged the only commercial sale. When the 
license for Glybera was set to expire, the physician asked for the 
leftover product. It was essentially gifted at a cost of one euro per 
patient.

In December 2017, Luxturna became the first gene therapy for an 
inherited disease approved in the United States. Luxturna treats pa-
tients with biallelic RPE65 mutation- associated ret i nal dystrophy. 
This is a rare inherited disorder that  causes vision loss and may re-
sult in blindness. It is estimated that between one thousand and two 
thousand  people in the United States might benefit from this novel 
therapy, which involves the delivery of a replacement RPE65 gene 
directly to the ret ina. But how many  will be able to afford it? Ini-
tially, the com pany that makes Luxturna, Spark Therapeutics, did 
not disclose the cost of its new drug. Assuming a cost of one million 
US dollars, Antonio Regalado of MIT Technology Review noted that 
“the average American  family would take 18 years to buy a single 
dose of the eyesight- saving drug, even if they bought nothing  else 
and paid no taxes.” Luxturna was put on the market in early 2018 
with a price tag of US$850,000 ($425,000 per eye).

If, on the basis of  these examples, we imagine a “modest” one- 
time cost of around one million US dollars for a somatic cell genome 
editing therapy to cure a single- gene disorder such as Huntington’s 
disease, and we allow that most (if not all) government- funded health 
care systems and private health insurance companies  will not fund 
this, then the cost of  human genome editing  will be outside the reach 
of most  people. It is estimated that approximately thirty thousand 
 people in the United States have Huntington’s disease. How many 
of them  will be able to afford somatic cell genome editing? In time, 
the cost may decrease, as has happened with other biotechnologies. 
If it does, the technology may become more widely available and 
accessible. Even so, its availability likely would still be  limited to 
a select few, and only in some countries. This suggests that Jane 
Mervar’s dream could easily become her nightmare, with CRISPR 
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genome editing technology becoming a tantalizing therapy beyond 
her practical reach.

In a country like the United States where access to health care de-
pends on insurance status or ability to pay,  there is no reason to 
think that the average patient could ever access somatic cell genome 
editing (even if the cost  were to drop over time). Many US citizens 
do not have health insurance, and among  those citizens who do, the 
vast majority do not have “Cadillac” health insurance— expensive, 
high- quality insurance that might include  human genome editing 
among its benefits regardless of cost.  Because individuals who are 
uninsured or underinsured most likely  will not have the funds to pay 
out- of- pocket for  human genome editing, their  future access to such 
technology  will depend on the goodwill of  others (perhaps through 
charitable organ izations or crowd funding).

In all likelihood, access to somatic cell genome editing  will also 
be a prob lem in countries where access to health care is a citizen-
ship right. Health care resources are finite and governments with 
publicly funded health care systems have to prioritize and balance 
the health care needs of all of their citizens. Public funding needs to 
be justified eco nom ically and ethically in terms of the relative costs 
and projected benefits at an individual and a population level. Public 
health officials, policymakers, and legislators responsible for priori-
tizing and balancing the population’s health care needs may well de-
cide not to pay for somatic cell genome editing  because of the an-
ticipated downstream costs to the publicly funded health care system 
(a possible exception is genetic vaccination, which might be funded 
through global health and population health initiatives).

• • •

Among  those who take a positive view of somatic cell genome ed-
iting are some who also support health- related heritable  human ge-
nome editing. They maintain that once it is pos si ble to treat a heri-
table ge ne tic disease in patients by editing their somatic cells, the 
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obvious next step is to prevent the inheritance of ge ne tic disease. If 
patients who benefit from somatic cell genome editing reproduce in 
the conventional way (through sexual intercourse), they risk passing 
on their faulty genes to their offspring. Why repeat the disease cycle 
generation  after generation through inheritance? Instead, persons 
in their reproductive years who know they have a faulty gene and so 
are at risk of passing on a ge ne tic disease to their offspring (such as 
Joe’s  children JJ and Meghan) could use genome editing not only to 
fix themselves, but also to fix their progeny. In this way they could 
avoid the emotional and financial burdens associated with having 
a child with a ge ne tic disease (presuming, of course, that heritable 
genome editing is available and accessible).

This argument is sometimes referred to colloquially as “one and 
done”  because the ge ne tic correction would be done once, then passed 
down through the generations. Further, the proponents of health- 
related heritable  human genome editing insist that this technology is 
more effective than somatic cell  human genome editing for a range of 
ge ne tic diseases, including diseases that cause irreparable damage to 
many organs and cell types (such as cystic fibrosis), diseases that af-
fect nondividing cells (such as Lesch- Nyhan syndrome), diseases that 
result in permanent damage prior to birth (such as spina bifida), and 
diseases that result in fetal death (such as ge ne tic heart diseases).

While this pragmatic argument has intuitive appeal, it is impor-
tant to remember that  there are safer and simpler alternatives to heri-
table  human genome editing, including adoption, foster parenting, 
and other, more informal, parenting arrangements. As well, for  those 
who want the experience of pregnancy, IVF using disease- free donor 
eggs, sperm, or embryos may be an option. More controversially, 
 couples could choose sexual intercourse followed by prenatal ge ne tic 
testing and possibly abortion or IVF followed by PGD to screen out 
embryos with ge ne tic disease.

In response, advocates of heritable  human genome editing insist 
that  couples at risk of having  children with a heritable disease  don’t 
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want just any  children; they want genet ically healthy and genet ically 
related  children. With adoption, foster parenting, other nonlegal par-
enting arrangements, or IVF with donor embryos, neither partner 
would be genet ically related to the  child or children. With donor eggs 
and sperm, typically only one partner would be genet ically related 
to the  child or children.

The only available reproductive options for  couples at risk of 
having  children with a heritable disease who want both genet ically 
healthy and genet ically related  children are sexual intercourse fol-
lowed by prenatal testing and the selective abortion of affected 
fetuses, or IVF followed by PGD and the selective transfer of disease- 
free embryos. For some  couples however— couples where one partner 
is homozygous for a dominant disorder (such as Huntington’s dis-
ease) or both partners are homozygous for a recessive disorder (such 
as cystic fibrosis)— these two options are not pos si ble. For  these 
 couples, heritable  human genome editing would be the only way for 
them to have genet ically healthy and genet ically related  children. As 
noted by the Canadian Royal Commission on New Reproductive 
Technologies:

 These would be extremely rare cases, however. For example, the 
average incidence of a recessive disorder is 1  in 20 000. The 
random likelihood that two affected individuals would mate is 
therefore exceedingly small. Moreover, even if they do, if both 
are healthy and functional enough to achieve pregnancy, the 
condition affecting them cannot be among the most devastating 
of the ge ne tic diseases. Indeed, such diseases are likely to be rel-
atively mild (for example, deafness) and certainly not devas-
tating enough to warrant attempting manipulation of the DNA 
of a zygote . . .  It is difficult to envision the real- world situations 
in which ge ne tic alteration involving a zygote at an early enough 
stage of development to affect the germline would be an appro-
priate response.
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Reasoning along  these lines, Eric Lander, director of the Broad In-
stitute of MIT and Harvard in Cambridge, Mas sa chu setts, acknowl-
edges that heritable  human genome editing could benefit some 
 couples, but insists that  these  couples are so rare that the technology 
is unnecessary:

For dominant Huntington’s disease, for example, the total 
number of homozygous patients in the medical lit er a ture is 
mea sured in dozens. For most recessive disorders, cases are so 
infrequent (1 per 10,000 to 1 per million) that marriages be-
tween two affected persons  will hardly ever occur  unless the 
two are brought together by the disorder itself.

 Others disagree. For example, George Church, a ge ne ticist at Har-
vard Medical School, George Daley, dean of Harvard Medical 
School, and Robin Lovell- Badge of the Francis Crick Institute, 
among  others, point to  these pos si ble  couples as reason enough to 
pursue research involving heritable  human genome editing.  These 
competing perspectives on the necessity and wisdom of research 
on germline genome editing for reproduction bring into sharp re-
lief one of the many ethics debates on heritable  human genome 
editing.

In addition, it has been suggested that  there are other  couples who 
might benefit from heritable  human genome editing.  These would 
be  couples who could have genet ically healthy and genet ically re-
lated  children using available reproductive and ge ne tic technologies, 
but who would prefer to use heritable genome editing in tandem 
with IVF and PGD  because they object to abortion and embryo de-
struction on moral grounds, as  these options involve the loss of 
 human life. It is  imagined that with IVF, PGD, and heritable ge-
nome editing,  these  couples could act on the perceived “moral duty 
to cure affected  human embryos instead of discarding them.” An 
additional perceived benefit is that in rescuing faulty embryos  these 
 couples would be increasing the total number of embryos potentially 
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available for transfer, thereby potentially increasing their chance 
of pregnancy.

The prob lem with this  imagined scenario is twofold. First, repro-
duction by way of IVF, PGD, and heritable genome editing also in-
volves the loss of embryonic life.  There are the thousands (if not tens 
of thousands) of embryos that  will have been destroyed in devel-
oping the genome editing technology and, on a case- by- case basis, 
additional embryos would be destroyed following their “rescue” 
whenever testing revealed harmful unanticipated consequences of 
the ge ne tic alteration such as off- target effects. Second, if harmful 
effects occurred but  were not detected prior to embryo transfer, any 
 children born with modified genomes could experience harms  after 
birth or  later in life as a consequence of the ge ne tic modification. A 
safer option for creating healthy  future  children would be for the 
 women to undergo additional IVF cycles, as needed, to identify un-
affected (disease- free) embryos.

An in ter est ing ethical question centered on this debate is  whether 
a parental desire for genet ically healthy and genet ically related 
 children counts as a “compelling medical need.” This is the suggested 
standard for proceeding with heritable  human genome editing, as 
stipulated in the concluding statement of the Organ izing Committee 
of the 2018 Second International Summit on  Human Genome Ed-
iting. Some assume the answer to this question is self- evident. In their 
view, the power ful desire of potential parents for genet ically related 
 children is a compelling medical need.  Others disagree. They insist 
that this desire is just that— a desire, a preference, a want that is cul-
turally prescribed (and thus malleable). They also insist that not all 
desires, preferences, or wants are medically relevant.  These beliefs 
underpin the argument that instead of reinforcing the presumed rel-
evance of ge ne tic relatedness, society should question attempts to 
medicalize this social preference. The American phi los o pher Tina 
Rulli has done just this. In turn she has critically examined the usual 
arguments in support of ge ne tic relatedness and found each of them 
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wanting.  These arguments include a preference “for parent- child 
physical resemblance, for  family resemblance, for psychological sim-
ilarity, for the sake of love, to achieve a kind of immortality, for the 
ge ne tic connection itself, to be a procreator, and to experience preg-
nancy.” Rulli’s conclusion is that “ these reasons are too trivial, pre-
suppose the value of the ge ne tic connection, are inappropriate in a 
normative parental context, or fail to make a relevant distinction 
between ge ne tic and  adopted  children.”

From a dif fer ent perspective, it can be argued that trying to sat-
isfy the desire of a few  couples for genet ically healthy and genet ically 
related  children does not in itself warrant the time (energy), talent 
(skills), and trea sure (finances) needed to develop heritable  human 
genome editing for this purpose. Not to put too fine a point on it, 
why should scientists, governments, philanthropists, and other in-
vestors direct resources to address the desire for genet ically healthy 
and genet ically related  children using genome-editing technology 
when, in almost all cases,  there are safer, simpler, and cheaper ways 
of achieving this goal and building loving families? Further,  there 
are substantial opportunity costs involved with investing significant 
resources to satisfy this desire given other pressing prob lems in the 
world, including overpopulation, climate change,  water scarcity, 
environmental degradation, and food insecurity, to name but a few.

 These two objections are not an argument against heritable  human 
genome editing per se insofar as  there may be other good reasons to 
pursue this technology. It has been suggested, for example, that her-
itable  human genome editing, unlike embryo screening using PGD, 
could (over a long period of time) helpfully reduce the incidence of 
ge ne tic disease. This is  because PGD can be used to select against 
embryos with ge ne tic disease, without at the same time selecting 
against embryos that are carriers of ge ne tic disease. In such cases, 
the use of PGD may prevent the birth of  children with specific ge-
ne tic conditions, but not prevent the birth of  those  children who 
would themselves be healthy (not experience the symptoms of 
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disease) yet who would be carriers of ge ne tic disease. Carriers of 
ge ne tic disease can pass on their faulty gene(s) to their  children, 
some of whom might inherit the disease. With heritable  human ge-
nome editing, the faulty gene(s) would be changed in all cells (in-
cluding the reproductive cells), so that persons born following heri-
table  human genome editing would not be carriers and could not 
pass on one or more faulty genes to their  children.

• • •

 Human genome editing is an evolutionary technology that allows 
us to see more clearly the potential to both “edit individual  humans” 
using somatic cell genome editing, as well as “edit humanity” using 
heritable genome editing. As we look to the  future, we can also 
easily imagine the use of genome editing technology not merely to 
reduce the rates of ge ne tic diseases in  future generations, but also to 
transform the  human condition. This transformation might involve 
the introduction of genes sourced from non- human animals or from 
plants, or synthetic genes created in laboratories. Further, genome 
editing technology might be used in tandem with other technolo-
gies such as artificial intelligence or in vitro gametogenesis (where, 
for example, stem cells from men are reverse- engineered to make 
eggs and sperm). This vision of far- reaching pos si ble  futures com-
pels us to exercise our moral imagination and to reflect carefully on 
who we are and who we want to be.

In the coming years  there  will be increasing pressure (for competi-
tive, cosmetic, or other reasons) to move from health- related to 
non- health- related ge ne tic modifications. In anticipation of this pres-
sure, we need to critically evaluate the potential biological, societal, 
and cultural consequences so that we may act responsibly in trying 
to bring about a shared vision of a bright  future for us all. Among 
the potential consequences that  will require our careful attention, the 
long- term societal and cultural consequences  will prob ably be the 
most disruptive. For this reason, we need to look at foreseeable 
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impacts not only in terms of biology, but also in terms of sociology, 
anthropology, cultural studies, science and technology studies, and 
ethics.

• • •

We need further demo cratic discussion and debate about the direc-
tion in which the science and technology of  human genome editing 
could, and should, move. At issue are which goals should be pur-
sued and which cells should be modified, so two lines of questioning 
are necessary. First, should we confine our DNA tinkering to health- 
related interventions for treatment or prevention, or should we also 
embrace non- health- related interventions (commonly described as 
enhancements)? That is, are  there legitimate reasons to make ge-
ne tic changes that reach beyond the treatment and prevention of 
 human disease? And second, should we confine our efforts at ge ne tic 
modification to one generation (somatic cell genome editing), or 
should we also aim to make ge ne tic changes that  will be passed on 
to  future generations (heritable genome editing)? That is, are  there 
legitimate reasons to make ge ne tic changes that reach beyond the 
pre sent generation?
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The term “designer baby” entered popu lar culture in the mid-  to 
late 1980s. Back then, it had nothing to do with baby- making. In-
stead it was part of an entire designer era— a time when, in the af-
fluent West, the word “designer,” with its connotation of expensive 
and exclusive, was “promiscuously applied to almost any product: 
designer jeans, designer kitchens, designer bed- linen, designer pasta, 
designer  water, designer stubble, designer pets, designer babies.” The 
designer baby was the “perfect  little creature, the living Cabbage 
Patch Doll” who was “welcomed into the world with matching cur-
tains, cot covers, changing mats and super- sprung buggies,” and 
adorned with untold upscale designer baby products, including 
“body splashes, lotions and oils to shampoos, fragrances, lip balms 
and special soaps.”

This marketing frenzy occurred at a time when wealthy and 
middle- class parents  were choosing to invest more financial and 
other resources in fewer  children. As parents made  these investments, 
their desire for “perfect”  children increased. So began a shift in so-
cietal and cultural norms resulting in the modern- day practice of 
treating babies and  children as commodities, or products.

3
Babies by Design
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On the technology side, in tandem with this shift in norms, pro-
spective parents became more likely to use prenatal testing and to 
abort fetuses diagnosed with a ge ne tic anomaly.  There was also in-
creased demand for sperm sorting, which could be used to satisfy 
the wishes of prospective parents for  children of a par tic u lar gender. 
At the same time, opportunities for selective breeding  were promoted 
by clinics such as the Repository for Germinal Choice, also known 
as the Nobel Prize sperm bank. Not surprisingly, the growing use of 
 these and other ge ne tic and reproductive technologies fueled predic-
tions of a  future in which prospective parents would be able to 
shop for designer babies at ge ne tic “supermarkets” or request de-
signer babies “made to order.”

At this time, the mid-  to late 1980s, some  people began to retro-
actively apply the term designer baby to Louise Brown, the world’s 
first “test- tube baby.” Louise was born in  England in July 1978 from 
an embryo that was created outside of her  mother’s body using IVF. 
Following her birth, banner headlines like “Our Miracle,” “Baby of 
the  Century,” and “First Test- Tube Baby” conveyed the public’s ex-
citement about this breakthrough.  There  were no references to “de-
signer baby”  because the designer baby era was yet to come.

Before Louise was born, the Browns had spent nine years trying 
to have a baby the usual way. But Louise’s  mother’s fallopian tubes 
 were blocked, which prevented her husband’s sperm from reaching 
her eggs. Meanwhile, Robert Edwards, a physiologist, and Patrick 
Steptoe, an obstetrician, had been experimenting with ways to cir-
cumvent blocked fallopian tubes by having fertilization occur out-
side of the body. Edwards first reported success in creating a  human 
embryo in vitro in 1969, but it  wasn’t  until the birth of Louise Brown 
nearly ten years  later,  after hundreds of attempts, that he and Steptoe 
achieved a successful, full- term pregnancy using IVF.

IVF is an assisted reproductive technology. At the start, a  woman 
undergoes ovarian stimulation to increase the number of eggs that 
 will mature in her ovaries.  These eggs are then retrieved from her 
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ovaries and placed in a petri dish with sperm. Hopefully fertiliza-
tion occurs. Eggs that have been fertilized are allowed to develop in 
the petri dish for three to six days, at which time one or more of the 
developing embryos can be transferred to the  woman’s uterus in the 
hope of establishing a pregnancy. In the early days of IVF, embryos 
that  were not transferred  were used for research or teaching, dis-
carded, or donated to other  couples.  Today  there is the additional 
option of freezing  these embryos for  later use.

Louise Brown’s birth was an impressive feat. For the first time, 
clinician- scientists  were able to successfully fertilize a  human egg 
outside of a  woman’s body and have the resulting embryo develop 
into a healthy child. Initially IVF was used to treat infertility caused 
by blocked fallopian tubes.  Today it is used to treat a wide range of 
infertility prob lems caused by both female and male  factors, as well 
as social infertility: for example, gay  couples can use IVF and con-
tract pregnancy (also called surrogacy) to create their families. IVF 
is now also a platform technology for PGD— which, as explained 
 earlier, is a ge ne tic technology that facilitates embryo sorting fol-
lowed by selective embryo transfer.

As Sarah Franklin, an American anthropologist who lives and 
works in Britain, has since remarked: “Having passed through the 
looking glass of IVF, neither  human reproduction nor reproductive 
biology look quite the same. IVF has changed scientific under-
standing of what life is.” In impor tant re spects, IVF has also trans-
formed our societal understandings of  family and kinship.

• • •

Ubiquitous use of the term “designer baby” began when PGD was 
first used successfully in 1990, in the United Kingdom, to avoid the 
birth of  children with sex- linked diseases.  These are diseases caused 
by a faulty gene on one of the two sex chromosomes— the X chro-
mosome or the Y chromosome. Consider, for example, Duchenne 
muscular dystrophy— a rare ge ne tic disorder involving muscle 
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wastage that primarily affects boys. Typically, symptoms appear 
around three to five years of age with muscle weakness in the legs 
and hips. By the age of twelve, most boys cannot walk and the mus-
cles used for breathing and the heart muscle weaken. With advanced 
respiratory and cardiac care, persons with Duchenne muscular dys-
trophy can live into their early thirties. With the introduction of 
PGD to identify the sex of IVF embryos, it became pos si ble to avoid 
the birth of  children with sex- linked diseases such as Duchenne 
muscular dystrophy.

Then in 1992, again in the United Kingdom, PGD was used for 
the first time to avoid the birth of a child with cystic fibrosis. Mi-
chelle and Paul O’Brien  were both carriers of the faulty CFTR gene, 
meaning they each had one faulty copy of the gene. Their first- born 
son had cystic fibrosis  because he inherited two faulty CFTR 
genes— one from each parent. When the O’Brien’s de cided to have 
a second child, they  were able to use PGD to select an embryo 
without the faulty CFTR gene, thereby ensuring that their second 
child would not inherit cystic fibrosis.

Originally, PGD was performed on early embryos at the eight- cell 
stage.  Today, PGD is performed on embryos that are five or six days 
old. Several cells are removed from the trophectoderm (the outer 
layer of the developing embryo) and genotyped. Embryos with an 
unwanted ge ne tic trait are  either discarded, used for research, or 
used for instruction in IVF procedures. The remaining embryos (em-
bryos without the unwanted trait or traits) are available for transfer 
in the hope of initiating a pregnancy. And  there you have it: “ children 
à la carte” (as distinct from  children made to order).

For  women at risk of having  children with a heritable disease, 
PGD was a welcome alternative to prenatal tests such as chorionic 
villus sampling or amniocentesis  because PGD could be done  earlier, 
before a pregnancy was initiated.  Women who wanted to avoid the 
birth of  children with a heritable disease could use PGD to transfer 
only disease- free embryos, rather than starting a pregnancy and 
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waiting for prenatal testing to find out if a healthy baby was on the 
way.

 Today, PGD is used to identify sex- linked diseases such as Duch-
enne muscular dystrophy and hemophilia, as well as single gene 
disorders such as cystic fibrosis, thalassemia, and Huntington’s 
disease. It is also used to identify embryos with ge ne tic character-
istics that prospective parents want to avoid in their offspring 
including minor ge ne tic anomalies, and normal but unwanted 
traits. For example, in some countries, PGD is used for embryo 
sexing, where the goal is not to avoid the birth of a child with a 
sex- linked disease, but to satisfy a gender preference for a boy 
or a girl.

By the end of the 1990s, the term “designer baby” was well- 
entrenched in media stories that referred to “babies with made- to- 
order traits” as well as in the academic lit er a ture. By and large, how-
ever, “designer baby” remained a generic term  until August 2000 
with the birth of Adam Nash.

Molly Nash, a young girl in the United States, suffered from Fan-
coni anemia— a rare and fatal ge ne tic disease caused by a mutation 
in the FANCC gene. She needed a blood transfusion to survive and 
no suitable donor could be identified. Her parents de cided to have 
another child who could be a donor for Molly. The plan was to 
create several embryos using IVF, then to use PGD combined with 
 human leukocyte antigen (HLA) testing to identify embryos that 
 were disease- free (without Fanconi anemia) and tissue- compatible 
(HLA- matched). Only  these embryos would be transferred to 
Mrs. Nash’s uterus in the hope that she would have a child who 
could help save Molly.

Success in this case ultimately required four IVF cycles and involved 
the creation of thirty- three embryos. Seven embryos  were created 
in the first IVF cycle. Only two of  these embryos  were disease- free 
and HLA- matched and thus available for embryo transfer. With 
the second IVF cycle, four embryos  were created, only one of which 
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was disease- free and HLA- matched. With the third IVF cycle, eight 
embryos  were created. Again, only one was disease- free and HLA- 
matched. With the fourth IVF cycle, fourteen embryos  were cre-
ated. As with the previous two IVF cycles,  there was only one 
disease- free and HLA- matched embryo available for transfer. This 
time, however,  there was a pregnancy resulting in the birth of a 
healthy boy, Adam. Following his birth, blood from his placenta 
and umbilical cord was used in a stem cell transplant that success-
fully treated his  sister.

Far and wide, Adam Nash was hailed as both the world’s first 
“savior sibling” and the world’s first “designer baby.” In impor tant 
re spects, however, the description of Adam Nash as a designer baby 
was inaccurate. Adam Nash was the result of ge ne tic se lection, not 
ge ne tic modification.  There was purpose, planning, and intention, 
but no deliberate “design.” Moreover, during the preceding ten years, 
since 1990, many babies had been born using IVF and PGD, and 
none had been labeled a “designer baby.” The only difference be-
tween  these babies and Adam Nash was that in his case, PGD was 
combined with HLA antigen testing to both select “against” an un-
desirable trait (Fanconi anemia) and select “for” a desirable trait 
(HLA compatibility).

As with the birth of Louise Brown, the birth of Adam Nash in-
volved embryo se lection; it did not involve deliberate design. His 
birth was nonetheless impor tant in the history of designer babies. 
Following his birth, it required  little imagination to think of ways in 
which prospective parents could move beyond ge ne tic se lection to 
ge ne tic design, and beyond the avoidance of unwanted ge ne tic traits 
to the introduction of desired ge ne tic traits. Indeed, media stories at 
the time wrote about the potential  future commodification of  children, 
with parents to be choosing to purchase such traits as par tic u lar eye 
and hair colors, as well as increased height, athletic ability, and intel-
ligence.  Today, fertility centers in the United States (The Fertility 
Institutes—Los Angeles and The Fertility Institutes—New York) are 
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taking prospective parents down this path, offering eye- color se-
lection based on ge ne tic markers in each partner for hazel, blue, or 
green eyes. This direct- to- consumer ser vice is now being offered in 
addition to sex se lection and ge ne tic health screening. As described 
by Nathaniel Comfort, modern eugenicists would have us engineer 
ourselves: “We can choose our traits, pick our predispositions, pre-
vent disease and weakness . . .  Why not, they ask, design  children 
according to our whims and tastes?”

• • •

Genuine designer babies are born following an act of intentional de-
sign other than se lection: they are born of embryos whose mito-
chondrial or nuclear DNA has been purposefully modified. (Mito-
chondrial DNA is the DNA contained in the mitochondria, which 
reside within the cytoplasm that surrounds the cell nucleus. Nuclear 
DNA is the DNA contained in the cell’s nucleus.) Worldwide, gen-
uine designer babies are few. It is estimated that  there may be fifty 
or so  children born of embryos in which the composition of the mi-
tochondrial DNA was intentionally modified, and  there are two 
babies born of embryos where the nuclear DNA has been intention-
ally modified.

The first generation of designer babies— so- called three- parent 
babies— were  children born of embryos created with ge ne tic mate-
rial from three  people instead of the usual two. The experimental 
technique that led to this breakthrough is called ooplasm transfer, 
and it involved injecting small amounts of ooplasm (which contains 
mitochondrial DNA) from a healthy donor egg into a patient’s egg 
prior to fertilization. Infertile  women with recurrent implantation 
failure and poor embryo development  were the subjects of this ex-
perimental innovation, and in 1997, the first successful birth fol-
lowing ooplasm transfer was reported. It was described as the “first 
case of  human germline ge ne tic modification resulting in normal 
healthy  children.” From then  until 2001, a total of about thirty 
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 children  were born of ooplasm transfer worldwide, seventeen of 
them at Saint Barnabas Medical Center in Livingston, New Jersey. 
In 2001, use of this technology in the United States  stopped. In July 
of that year, the FDA issued a letter requiring fertility specialists 
involved in this work to submit a formal application to the Inves-
tigational New Drug Program requesting permission to proceed 
with clinical  trials. The researchers elected not to do so, citing a lack 
of incentive and financial resources to pay for the FDA review pro-
cess. In 2016, a survey- based follow-up study involving the  children 
from Saint Barnabas Medical Center was published. No discernable 
adverse effects of ooplasm transfer  were noted in the  children, who 
 were between thirteen and eigh teen years old.

Since then, another experimental technique involving changes to 
the composition of mitochondrial DNA in unfertilized or fertilized 
eggs has been developed. This technique aims to prevent the trans-
mission of mitochondrial diseases caused by faulty mitochondrial 
DNA. Most mitochondrial diseases are caused by faulty nuclear 
DNA, but some mitochondrial diseases are caused by maternally 
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inherited faulty mitochondrial DNA. Though relatively rare,  these 
diseases can be quite serious, involving muscle weakness, blindness, 
and heart failure. At this time,  there are no treatments for  these dis-
eases, some of which are lethal.

Researchers believe that  these maternally inherited mitochondrial 
diseases can be prevented by transferring the nuclear DNA from un-
fertilized or fertilized eggs with faulty mitochondrial DNA into 
disease- free unfertilized or fertilized donor eggs from which the nu-
clear DNA has been removed (that is, enucleated donor eggs). The 
techniques commonly involved are maternal spindle transfer and 
pronuclear transfer. Following  either of  these techniques (sometimes 
collectively referred to as mitochondrial replacement therapy, mito-
chondrial replacement techniques, or mitochondrial donation), re-
constructed eggs can be transferred to the intended  mother or a sur-
rogate in the hope of achieving a pregnancy and a healthy child.

With maternal spindle transfer, the nuclear DNA (in a spindle- 
like formation) is removed from the intended  mother’s unfertilized 
egg, and her enucleated egg with the faulty mitochondrial DNA is 
discarded. Separately, the nuclear DNA is removed and discarded 
from an unfertilized donor egg that contains disease- free mito-
chondrial DNA. The nuclear DNA from the intended  mother is 
then transferred into the enucleated donor egg. The reconstructed 
egg that contains the intended  mother’s nuclear DNA and the donor’s 
disease- free mitochondrial DNA can then be fertilized and the re-
constructed embryo transferred to a  woman’s uterus (the intended 
 mother or a surrogate), to hopefully initiate a healthy pregnancy.

With pronuclear transfer, the pro cess is more or less the same as 
that of maternal spindle transfer, but it involves the use of fertil-
ized eggs.  After the sperm enters the intended  mother’s egg, and the 
male and female pronuclei (unfused nuclear DNA of the sperm 
and the egg) appear, they are removed from the cell for transfer. 
The cell with the faulty mitochondrial DNA is then discarded. Sep-
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arately, a second fertilized egg is created using a donor egg with 
disease- free mitochondrial DNA.  After the sperm enters the donor 
egg, and the male and female pronuclei appear, they are removed 
and discarded. The pronuclei from the intended parents are then 
transferred to the enucleated cell. The reconstructed embryo, which 
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contains the pronuclear DNA of the intended parents and the 
disease- free mitochondrial DNA from the donor egg, can then be 
transferred to a  woman’s uterus.

In April 2016, in Mexico, the first live birth using maternal spindle 
transfer occurred. A baby boy was born to a Jordanian  couple at 
risk of having  children with Leigh syndrome— a fatal neurological 
disorder caused by faulty mitochondrial DNA or faulty nuclear 
DNA.  Children born with this rare syndrome experience severe 
muscle and movement prob lems as well as cognitive impairment; 
they usually die in early childhood from respiratory failure. The ini-
tial work to create the genet ically modified embryo was done at the 
New Hope Fertility Center in the United States by John Zhang, but 
the embryo transfer and birth occurred in Mexico so as not to vio-
late US federal law.

Then, in January  2017, a baby girl was born in Ukraine fol-
lowing pronuclear transfer. The  woman treated by Valery Zukin at 
the Nadiya Clinic did not have a mitochondrial disease; she suf-
fered from unexplained infertility. Not long thereafter, Zhang and 
Zukin formed the com pany Darwin Life– Nadiya to market nuclear 
genome transfer (both maternal spindle transfer and pronuclear 
transfer) to  women living in Ukraine or willing to travel to Ukraine. 
The com pany website includes a “world map of success.” In April 
2019, the com pany reported success involving fourteen patients in 
four countries (Ukraine, United States, Israel, and Sweden).  Because 
of how this experimental technique is being developed and re-
ported, however, in de pen dently verified information is difficult to 
come by.

Elsewhere in the world, in April 2019, researchers from Spain (at 
Embryotools) working with a fertility clinic in Greece (the Institute 
of Life) reported the first birth following maternal spindle transfer 
(instead of pronuclear transfer) to treat infertility, thereby adding to 
the preponderant use of nuclear transfer technology for this purpose. 
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To date, the technology has been used only once to avoid the birth 
of a child with a serious ge ne tic disease. All other instances have been 
for the treatment of infertility.

The United Kingdom is the only country in the world with explicit 
legislation authorizing heritable modification in  humans. In October 
2015, the  Human Fertilisation and Embryology (Mitochondrial 
Donation) Regulations 2015, which allows both maternal spindle 
transfer and pronuclear transfer when  there is a risk of serious mito-
chondrial disease, came into force. In December 2016, the  Human 
Fertilisation and Embryology Authority announced that it was ac-
cepting license applications for the clinical use of mitochondrial dona-
tion. In March 2017, the Newcastle Fertility Centre at Life became 
the first clinic in the United Kingdom licensed to offer mitochondrial 
donation. And in February 2018, individual applications to perform 
pronuclear transfer in two  women with Merrf syndrome (a neurode-
generative disease)  were approved by the  Human Fertilisation and 
Embryology Authority. As yet, no pregnancies have been announced.

While it appears that experimentation involving the creation 
and transfer of genet ically modified embryos continues apace in 
the United Kingdom, Spain, Greece, and Ukraine, not so in the 
United States. In August 2017, Zhang was warned by the FDA that 
research involving the creation and transfer of genet ically modified 
embryos is illegal in the United States. The FDA also clarified that 
exportation was not permitted. No doubt this explains why Zhang 
is now promoting medical tourism to Ukraine. Others in the 
United States, including Shoukhrat Mitalipov of Oregon Health & 
Science University (OHSU) and Dieter Egli of Columbia University, 
have created human embryos with genetic material from three 
people. In accordance with the law, this research has not been 
done with federal funds and the reconstructed embryos have not 
been used for reproduction. In April 2019, Egli reported having 
frozen reconstructed embryos for four women at risk of transmitting 
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mitochondrial disease to their offspring in the hope that one day 
it may be possible to legally use these embryos to establish a 
pregnancy.

• • •

Second- generation designer babies—so called gene- edited (or 
genome- edited) babies— are  children born of heritable  human ge-
nome editing whose nuclear DNA has been genet ically modified. 
On November 25, 2018, Jiankui He, who sometimes goes by “JK,” 
announced the birth of the world’s first CRISPR babies— twins, Lulu 
and Nana (pseudonyms)—on YouTube (a website that is officially 
banned in China). Their genomes  were edited to confer re sis tance 
to HIV infection. This involved modifications to the CCR5 gene, 
which produces a protein that lets HIV enter the cell. As reported 
by He (pronounced “Huh”), both copies of the gene  were modified 
in one twin (who may be resistant to some forms of HIV infection), 
but only one copy of the gene was modified in the other twin (who 
remains susceptible to HIV infection).

Twenty years before this birth announcement, in 1998, Nobel lau-
reate Mario Capecchi discussed the use of germline modification to 
provide re sis tance to HIV infection at a symposium called “Engi-
neering the  Human Germline” held at the University of California, 
Los Angeles. Capecchi suggested that the use of  human germline 
modification (which he called germline gene therapy) would be jus-
tified more for ge ne tic enhancement than for avoiding a medical 
prob lem resulting from a defective gene. As he explained, “This is 
 because for ge ne tic diseases involving mutations in single genes,  there 
are simpler, cheaper, and more efficient means.” He specifically iden-
tified re sis tance to HIV infection as an enhancement that might ap-
peal to potential parents.

Nearly ten years  later, Ron Green, a professor of religious studies 
at Dartmouth College, mused about this possibility in his book Babies 
by Design (2007). He invited the reader to imagine
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that we could invent a gene therapy suppository that a  woman 
could use before intercourse, with or without her partner’s con-
sent. This would infect her partner’s sperm with a harmless 
virus carry ing sequences to disable the CCR5 gene. As a result, 
any child the  woman conceives would have that change in all 
the cells of its body, including the sex cells. The result would be 
a generation of  children who  were naturally more resistant 
to HIV infection and who would likely pass that re sis tance on 
to their  children.

He then asked, “Would anyone object?” To which he answered, “I 
doubt it.” Leaving aside details about the science, Green  couldn’t 
have been more wrong in his prediction about the likely response. 
Objections to the birth of Lulu and Nana  were fast and furious. 
Prominent scientists around the globe admonished He for his failure 
to respect international consensus. As well, 122 scientists in China 
signed a petition condemning this research: “Direct human experi-
mentation can only be described as ‘crazy’ . . . this is a huge blow to 
the global reputation and development of Chinese science, espe-
cially in the field of biomedical research.” Even Julian Savulescu— the 
Australian bioethicist at the University of Oxford who is known for 
arguing that prospective parents using IVF and PGD have an ethical 
obligation to enhance their  children by eugenic se lection (even if this 
maintains or increases social inequity)— issued a press statement 
describing He’s experiment as “monstrous.”

• • •

So just what is this CRISPR technology that has given us the world’s 
first genome- edited babies? How does it work? In 1993 the Spanish 
microbiologist Francisco Mojica discovered, and  later, in 2001, 
named CRISPR. In 2012, the American biochemist Jennifer Doudna 
and the French microbiologist and ge ne ticist Emmanuelle Charpen-
tier discovered a way of using CRISPR to alter the DNA of living 
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cells. Other researchers working in de pen dently but at the same 
time— including Feng Zhang, a Chinese American biochemist at the 
Broad Institute of MIT and Harvard and George Church of Harvard 
Medical School— showed that CRISPR genome editing could work 
with mammalian cells.

The CRISPR / Cas9 genome editing system is routinely described 
as faster, more accurate, more efficient, and cheaper than previous 
genome editing technologies— specifically, zinc fin ger nucleases 
(ZFNs) and transcription activator- like effector nucleases (TALENs). 
This genome editing system consists of two key molecules: a single- 
strand RNA called a guide RNA (known as the CRISPR), and an 
enzyme called Cas9 (often described as molecular scissors). RNA, like 
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DNA, is made up of four chemical bases. Instead of thymine (T), 
however, RNA has a base called uracil (U), and whereas DNA is a 
double strand, RNA is a single strand. The guide RNA includes a 
short sequence of about twenty bases that is designed to complement 
a target DNA sequence. The RNA can pair like Velcro with one 
strand of the double- strand DNA. With genome editing, the single- 
strand guide RNA “guides” the Cas9 “molecular scissors” to the 
precise point in the genome where the double- strand DNA  will be 
cut. When the guide RNA finds the target DNA sequence, it inserts 
itself between the two strands of the double helix and pulls them 
apart; the Cas9 enzyme then cuts across both strands of DNA. This 
break triggers the cell’s DNA repair machinery that scientists can 
then harness to make changes to the target DNA sequence.

A cell has two primary DNA repair mechanisms for fixing a 
double- strand break. The first repair mechanism, known as non- 
homologous end- joining, is active throughout the cell cycle. It is the 
primary repair mechanism in non- dividing cells of the body. Non- 
homologous end- joining is error- prone  because during the repair 
pro cess, the broken ends of DNA rapidly join together resulting in 
the deletion (loss) or insertion (gain) of DNA bases. In this way, tiny 
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changes in the DNA sequence are introduced at the break site.  These 
changes may be small, but they can alter the ge ne tic code in such a 
way as to mutate a gene.

The second DNA repair mechanism, known as homology di-
rected repair, occurs mostly in dividing cells. Compared with 
non- homologous end- joining, this repair pro cess is high fidelity. It 
is also template dependent. When a cell uses homologous recombi-
nation to repair a double- strand break, it would normally make 
use of the DNA sequence from the second copy of the gene in the 
cell as a template to restore the damaged DNA strand to what it 
was before the double- strand break occurred. The most common 
template for homologous recombination is the newly replicated 
 sister DNA strand that was created during DNA replication. This 
is one reason why dividing cells are primed to undergo this kind of 
DNA repair.

With genome editing by non- homologous end- joining, the scien-
tist’s therapeutic goal may be to disable a faulty gene with a disease- 
causing mutation. A double- strand cut is made at a precise point in 
the DNA sequence within the faulty gene. The cell then repairs this 
cut by inserting or deleting a small amount of ge ne tic material, 
which leads to the disruption or “knock- out” of the faulty gene. 
The size and sequence of the resulting ge ne tic change cannot be 
predicted.

With homologous recombination, the therapeutic aim is the same: 
to correct a faulty gene. This too involves making a double- strand 
cut at a precise point in the DNA sequence. But then a DNA tem-
plate is provided so that an engineered DNA sequence (one or more 
genes) can be incorporated at the break site. The engineered DNA 
sequence  will  either match a  human reference sequence or could 
involve a novel sequence (that is, a synthetic gene) created in a lab-
oratory. Homologous recombination can then repair the double- 
strand break. With homologous recombination, the size and 
sequence of the DNA change is precise. But homologous recombi-

 EBSCOhost - printed on 2/13/2023 6:23 AM via . All use subject to https://www.ebsco.com/terms-of-use



Babies by Design • 53

nation is extremely inefficient in non- dividing cells. This means it is 
only useful with dividing cells, such as  those found in blood.

• • •

It is anticipated that CRISPR and similar  human genome editing 
technology  will be used to make changes to somatic cells to treat 
blood disorders, lung diseases, muscle wasting disorders, cancers, 
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and so on. Some of this type of research is already underway. Even-
tually, somatic cell genome editing might also be used to genet ically 
enhance certain features like hair color and eye color.

In the germ cells, the technology is being used to better understand 
gene function in early stage embryos (that is, to learn about the role 
of specific genes and pro cesses). It is also being used to make models 
of  human ge ne tic disease in non- human animals. In addition,  human 
genome editing technology involving germ cells is being used in lab-
oratories to learn how to prevent disease in  future generations, and 
it has been used once, in 2018, to make changes to early stage  human 
embryos that  were used for reproduction. At some point, it is 
 imagined (hoped) that this technology could be used to improve the 
 human species.

For the foreseeable  future, however, it is likely that heritable 
 human genome editing research  will focus narrowly on correcting 
faulty genes to make “healthier” babies,  because  there appears to 
be  little support for research that aims to make “better” babies. For 
example, the 2016 global social media survey by McCaughey and 
his colleagues found significant support (63   percent) for editing 
 human embryos to prevent debilitating or life- threatening disease, 
but only  limited support (27  percent) for genome editing in  human 
embryos to alter non- disease characteristics. The survey by 
 Hendricks and colleagues in Holland, conducted in the same year 
but not reported  until 2018, found that a majority of respondents 
(66  percent)  were willing to use germline genome editing to prevent 
passing on a neuromuscular disease to their  children, but only a 
small minority (16  percent) would agree to germline genome editing 
to increase intelligence.

Meanwhile, a study involving telephone interviews with 520 
adults in the United States, completed in 2016 by STAT and the Har-
vard T. H. Chan School of Public Health, generated dramatically 
dif fer ent findings. According to this study, only 26  percent of Amer-
icans thought that “changing the genes of unborn babies to reduce 
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their risk of developing certain serious diseases” should be  legal 
(though 44  percent thought the government should fund this re-
search). And only 11  percent thought that “changing the genes of 
unborn babies to improve their intelligence or physical characteris-
tics” should be  legal (though 14  percent thought the government 
should fund this research). A more recent public- opinion survey in 
the United States involving 2,537 adults, also on gene editing in “un-
born babies,” was conducted by the Pew Research Center in 2018. 
This survey found that most respondents (72   percent) endorsed 
changing an unborn baby’s genes to “treat a serious disease / condi-
tion the baby would have at birth,” whereas very few supported 
changing a baby’s ge ne tic characteristics when the goal was to confer 
select desirable traits. Specifically, only 19  percent of respondents en-
dorsed changing an unborn baby’s genes to “make the baby more 
intelligent.” A significant limitation with both of the studies con-
ducted in the United States is the ambiguity resulting from the ref-
erence to unborn babies. In the first study, the researchers used this 
as a euphemism for germline editing. In the second study, the ambi-
guity was intentional, and respondents might have thought that the 
survey questions referred to fetal somatic cell genome editing or to 
heritable germline genome editing.

In any case, for  those who see efforts at cognitive enhancement 
as on a continuum— starting with education and technology (use of 
computers and the internet); extending to food supplements, improved 
diet, and caffeine use; and ending with germline genome editing to 
improve cognitive abilities— this reluctance to endorse heritable ge-
nome editing may be perplexing. Some of the survey respondents who 
registered their discomfort with such ge ne tic enhancements may have 
been concerned about health risks.  Others may have been worried 
about opportunity costs and collateral consequences. Still  others may 
have believed that improving learning and memory are valuable, 
edifying exercises in themselves, in which case making babies more 
intelligent using genome editing  wouldn’t be seen as a benefit.
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In opposition,  there are  those who maintain that if “ there is 
nothing intrinsically wrong about parents trying to improve their 
 children’s minds through education, their physical appearance 
through cosmetic surgery, and their character through self- help pro-
grams and spiritual counselling, . . .   there is nothing intrinsically 
wrong about parents trying to improve their  children through ge-
ne tic enhancement.” In time, this view might well prevail. For the 
rec ord, the 2017 online survey in China found a much higher level 
of support for heritable  human genome editing for enhancement 
purposes (40  percent) than has been reported in other surveys.

Among  those who relish the idea of “better” babies are enthusiasts 
who imagine a time when it  will be pos si ble to design  humans with 
weird and wonderful traits such as the ability to see into the infrared 
spectrum to improve night vision and the ability to hear into the ul-
trasonic range of non- human animal sonar. While such dramatic 
transformations may prove to be impossible, something like in-
creased athleticism or increased memory might be achievable. Even 
the most achievable of goals, however, would be complicated design 
proj ects involving several if not hundreds of genes. They would also 
be ethically contentious, as we  shall see.
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At a small dinner party in London,  England, the conversation has 
turned to one of my current favorite topics— using genome editing 
to build “better”  humans. With considerable rhetorical flourish, 
my host Brian Semmens asks, “Why  wouldn’t I want to be Usain 
Bolt?” Indeed, why not? Bolt is an eight- time Olympic gold med-
alist and eleven- time world champion. He is widely considered to 
be the greatest sprinter of all time. Who  wouldn’t want to run in 
his shoes?

My host is not a spry elite athlete who is looking for a competi-
tive edge. He is an active, retired gentleman who used to participate 
in several amateur sports including climbing, fencing, and sailing. 
Like many of his generation, he is acutely aware of age- related 
muscle loss and increasingly  limited mobility. He does not envision 
using genome editing technology to repair and strengthen his aged 
muscles, but rather imagines the life he or his  children might have 
had (or the life his grandchildren or great- grandchildren might have) 
if the use of genome editing to maximize athletic per for mance  were 
proven safe and effective.

4
From “Well” to “Better than Well”
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If the answer to the rhetorical question “Why  wouldn’t I want to 
be Usain Bolt?” is some version of “Yes, of course you would!,” what 
follows?

For some, the answer to this question is straightforward: train 
your body with intensive physical and  mental conditioning. This is 
a reasonable response, insofar as coaching, nutrition, personal drive, 
determination, and emotional fortitude are key to athletic success. 
But if  human genome editing technologies are ever proven safe and 
effective, it may be reasonable to ask, “Why should someone who 
wants to increase speed, strength, power, and stability commit to a 
long, arduous training schedule and eat a carefully controlled diet 
(including vitamins and supplements), without at the same time em-
bracing  human genome editing?” If the desired athletic characteris-
tics and capabilities are the result of complex environmental and ge-
ne tic  factors, why not try to make improvements on both fronts? 
Indeed, why  shouldn’t  those who want high- performance traits use 
 human genome editing to enhance themselves?

Julian Savulescu and his colleagues Bennett Foddy and Megan 
Clayton believe that most elite athletes are born with a naturally 
occurring, unfair ge ne tic advantage. Think, for example, of the re-
tired American swimmer Michael Phelps, whose unusually long, 
thin torso, long wingspan, size 14 feet, double-jointed elbows and 
ankles, and natural, atypically low levels of lactic acid production 
helped make him the most decorated Olympic athlete of all time 
with a total of 28 medals. Or, think about the muscular physique 
of the tennis star Serena Williams, who currently holds twenty-
three Grand Slam titles and four Olympic gold medals. Or think 
about the South African Olympic gold medalist Caster Semenya, a 
woman middle-distance runner with natural, atypically high levels 
of testosterone.

Savulescu and colleagues support efforts to genet ically enhance 
athletic per for mance as a legitimate way to level the playing field. 
“Sport discriminates against the genet ically unfit. Sport is the prov-
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ince of the ge ne tic elite (or freak) . . .   People do well at sport as a 
result of the ge ne tic lottery that happened to deal them a winning 
hand.” In their view, “Per for mance enhancement is not against the 
spirit of sport; it is the spirit of sport. To choose to be better is to be 
 human.”

Among  those who disagree with Savulescu and his colleagues is 
the World Anti- Doping Agency (WADA). It bans “the use of gene 
editing agents designed to alter genome sequences and / or the tran-
scriptional, post- transcriptional or epige ne tic regulation of gene ex-
pression,” as well as “the use of normal or genet ically modified cells.” 
While WADA’s explicit concern about gene doping in sport dates 
back to the early 2000s, it is only now (some twenty years  later), 
with the prospect of genome editing, that this has become a promi-
nent concern. The worry is that cells could be removed from an ath-
lete, genet ically modified in the lab, and then returned to the ath-
lete. Alternatively, genome editing could be done directly in the 
athlete’s body. At this time,  there are no known efforts to improve 
athletic per for mance using  human genome editing, but such efforts 
are anticipated.

Meanwhile,  there are some coaches who already use ge ne tic testing 
to improve athletic per for mance: to determine an athlete’s muscular 
endurance, muscular power, risk of injury, and metabolism. They 
then use this information to optimize that athlete’s training. Another 
use of ge ne tic testing in sport is to identify talent based on ge ne tic 
profile. A few companies claim that they can provide parents of 
young  children with ge ne tic information to help them choose sports 
at which their  children may naturally excel. Some years ago, one 
 mother, Lori Lacy, suggested that this kind of ge ne tic testing was in-
evitable, not necessarily  because of any purported benefits, but 
 because of peer pressure: “Parents  will start to say, ‘I know one mom 
who’s  doing the test on her son, so maybe we should do the test 
too . . .’ Peer pressure and curiosity would send  people over the edge. 
What if my son could be a pro football player and I  don’t know it?” 
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This marketing of ge ne tic testing to parents is impor tant  because it 
begins the pro cess of normalizing a role for ge ne tic manipulation in 
sport.

• • •

Athletic per for mance may be affected by as many as two hundred 
genes. Nonetheless, advocates of genome enhancement in sport are 
hopeful. One gene of interest is the MSTN gene that codes for the 
protein myostatin. Myostatin is a negative regulator of muscle 
growth. It acts like a brake on the production of muscle tissue so 
that the size and number of muscle cells stay within a certain range 
and the muscles  don’t grow too big. When  human or non- human 
animals have a faulty copy of the MSTN gene, the brakes are off. 
The muscle cells increase in size and number, and  there is a gain in 
muscle mass. This explains, for example, the naturally occurring in-
creased muscle mass of the Belgian Blue and Piedmontese  cattle 
breeds— which have what is known as “double muscling.” It also 
explains a natu ral variation among classes of whippets. In 2007, 
Dana Mosher and her colleagues reported that whippets with one 
normal and one faulty copy of the MSTN gene  were the fastest of 
their breed. They had extra muscle ( because of the one faulty copy 
of the MSTN gene), but they  were not weighed down with too much 
muscle mass ( because of the one normal copy of the MSTN gene).

Naturally occurring excessive muscling has also been observed in 
some  humans. The first case recorded in 2000 was publicly reported 
in 2004. In  humans, this muscle enlargement is a rare ge ne tic condi-
tion called myostatin- related muscle hypertrophy.  There are also an-
ecdotal reports that some genet ically gifted athletes, like champion 
bodybuilders, have naturally low levels of myostatin or deletions 
of the MSTN gene.  These individuals are said to have as much as 
50  percent more muscle mass and strength than the average person.

Knowledge about the effects of myostatin on muscle growth have 
inspired some scientists to tinker with the MSTN gene. The earliest 
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successful effort dates back to 1997, when Alexandra McPherron 
and her colleagues Ann Lawler and Se- Jin Lee produced “mighty 
mice” by disrupting the MSTN gene.  These mice  were stronger and 
more muscular than average mice. Since then, scientists have put 
their knowledge of myostatin to use in creating genome- edited farm 
animals and pets, including extra- muscular cows, sheep, goats, pigs, 
rabbits, and dogs.  These creations have had some prob lems, how-
ever, including in some instances a reduced lifespan. More recently, 
it has been reported that scientists have begun experimenting with 
genome editing in cloned  horse embryos as part of an effort to de-
sign faster runners and better jumpers. Given  these research efforts 
in non- human animals, it is reasonable to ask, “When  will scientists 
try modifying the MSTN gene in  humans to increase athletic per-
for mance?”  Here it is perhaps worth remembering the self- 
experimentation by Josiah Zayner at the 2017 SynBioBeta confer-
ence, when he injected the CRISPR genome editing technology into 
himself to delete the MSTN gene in an attempt to grow bigger 
muscles in his forearm.

One hope for  humans is that inactivating one copy of the MSTN 
gene would make for better sprinters. Studies in mice suggest other-
wise, but that  hasn’t dampened enthusiasm for the idea of genet ically 
enhancing  human athletic per for mance by manipulating that gene. 
Another thought is to make better bodybuilders and weight lifters 
by inactivating both copies of the MSTN gene.

• • •

Many who debate the ethics of  human genome editing fixate on the 
presumed distinction between treatment and enhancement— the dif-
ference, for example, between modifying the MSTN gene to treat 
muscular dystrophies versus modifying this same gene to improve 
athletic per for mance. They suggest that genome editing would be 
morally acceptable in the first case, but not in the second case, 
 because of the difference in intent.
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The professed distinction between treatment and enhancement is 
unhelpful, however. Descriptively all treatments are enhancements 
in the sense that all treatments aim to improve an individual by cor-
recting an  actual or perceived deficiency in relation to “normal” abil-
ities (sometimes described as “normal species functioning” or 
“species- typical functioning”). As such, all  human genome editing 
is a form of enhancement; it is just that some of the enhancements 
 will be health- related and  others not. And among  those enhance-
ments that are health- related, some  will aim to “treat,” while  others 
 will aim to “prevent.”

The distinction between treatment and enhancement not only fails 
as a descriptive demarcation line, it also fails as a moral demarca-
tion line. Consider, for example, somatic cell  human genome editing 
to increase the height of young boys who are shorter than their peers. 
A young boy might be shorter  because of a hormonal deficiency, or 
 because his biological parents are short and thus he is genet ically 
coded to be short. While some would describe  human genome editing 
as an ethically acceptable treatment when used to correct a hormone 
deficiency, and an ethically unacceptable (or questionable) enhance-
ment when used to correct inherited short stature, this categoriza-
tion can be contested. For example, it can be argued that both cases 
involve treatment, the goal being to improve health. In the first 
case, the treatment would be for a hormonal deficiency that not 
only affects height, but also is associated with vari ous physiolog-
ical abnormalities. In the second case— consistent with the World 
Health Organ ization definition of health as “a state of complete 
physical,  mental and social well- being and not merely the absence 
of disease or infirmity”— the treatment would be to improve  mental 
health and well- being. Boys and girls with extreme shortness en-
dure teasing and bullying;  later in life, they may also experience 
height discrimination.  These experiences have a negative effect on 
self- esteem that, in turn, interferes with psychological health and 
well- being.
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Yet one could just as reasonably argue that both cases involve en-
hancement. The common goal is to increase height to within the 
range of “normal” for the community of belonging and thereby to 
reduce (if not eliminate) the social and psychological disadvantages 
commonly associated with short stature. From this perspective, both 
cases are ethically acceptable or unacceptable in equal mea sure.

In sharp contrast, it could reasonably be argued that efforts to use 
 human genome editing to provide persons who are already at the 
tall end of the spectrum for height (or even within the range of 
“normal” height) with a few more inches so that they might out-
perform on the basketball court would be an ethically questionable 
(if not ethically unacceptable) form of enhancement. What  matters 
ethically in this case is not that the planned ge ne tic intervention can 
easily be categorized as a non- health- related enhancement, but that 
the intervention is likely to decrease equality, access, and fairness.

Consider next a dif fer ent hy po thet i cal scenario involving heritable 
genome enhancement where the goal is to increase equality, access, 
and fairness. An African American  couple, firm in the belief that they 
have an ethical obligation to give their  children “the best life” pos-
si ble, decide they should use heritable genome editing to modify their 
 future  children’s skin color. They believe that white skin is desirable 
and black skin is undesirable, not for aesthetic reasons, but  because 
of ongoing racism. They are also convinced that changing their 
 children’s skin color  will increase their  children’s quality of life— for 
example, by giving them better access to educational and employ-
ment opportunities. Beyond this, given the high risk of death in the 
United States among young black men, they imagine this germline 
ge ne tic modification might even increase the life expectancy of their 
male  children. Given the prevailing “system of attitudes and actions 
that are in fact unjust,” would it be ethically acceptable (or even 
obligatory) for  these prospective parents to modify other wise healthy 
embryos so that their  children might not experience racism and might 
live longer?
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My answer to this provocative question is “no.” I do believe that 
the situation for black  people in many countries is deeply unjust. 
I sincerely doubt, however, that using biology to sidestep this injus-
tice is a robust solution. The American  children’s author Dr. Seuss 
well understood this prob lem and I commend to you his stories on 
tolerance, diversity, and compromise. I especially like The Sneetches 
(1953). This power ful satire tells a story about yellow, pear- shaped, 
bird- like creatures, some with green stars on their bellies and some 
without, who use this as a marker for social discrimination. All goes 
awry when the ultimate cap i tal ist Sylvester McMonkey McBean 
comes to town with his Star- On / Star- Off machine.

The point of  these examples has been to show that all treatments 
are enhancements (though not all enhancements are treatments), and 
that not all enhancements are, by definition alone, ethically unac-
ceptable. It follows that instead of assuming, almost by default, that 
treatments are ethically acceptable and enhancements are necessarily 
ethically suspect, we would do well first to distinguish between 
health- related interventions (such as genome editing for short stature 
regardless of the under lying cause), and non- health interventions 
(such as genome editing for improved athletic per for mance), and 
second to in de pen dently assess the ethical merit of any proposed 
intervention.

In The Ethics of  Human Gene Therapy, LeRoy Walters and Julie 
Gage Palmer provide helpful examples of health- related and non- 
health- related enhancements of physical, intellectual, and moral 
characteristics. In their view, improving the general functioning of 
the immune system is a health- related enhancement— one related to 
physical characteristics like vigor and longevity— whereas helping 
 people who do not suffer from narcolepsy to require less sleep is a 
non- health- related enhancement. In the category of intellectual char-
acteristics (intelligence, or components of intelligence like memory), 
eliminating the genes associated with senile dementia is a health- 
related enhancement, while increasing the efficiency of long- term 

 EBSCOhost - printed on 2/13/2023 6:23 AM via . All use subject to https://www.ebsco.com/terms-of-use



From “Well” to “Better than Well” • 65

memory is a non- health- related enhancement. And in the area of 
moral characteristics (defined as attitudes  toward, and be hav iors in 
relation to, one’s fellow  human beings), eliminating the genes asso-
ciated with sociopathic tendencies is a health- related enhancement, 
but stimulating “friendliness” is a non- health- related enhancement. 
If one carefully examines the list provided by Walters and Gage, one 
might reasonably conclude that all of the health- related and non- 
health- related enhancements listed might be ethically acceptable. 
This makes the point that enhancements (both health- related and 
non- health- related) are not by definition ethically unacceptable.

My broader point in presenting  these examples is that we must 
set aside the intuition that  human genome editing for treatment or 
prevention is ethically acceptable and  human genome editing for en-
hancement is ethically unacceptable (or at least ethically question-
able). This intuition is deeply problematic insofar as it frustrates our 
ability to properly grapple with the ethical issues surrounding 
emerging technologies.

• • •

At this time, I am neither an enthusiastic proponent nor a staunch 
opponent of heritable  human genome editing for health- related or 
non- health- related purposes. In the abstract, I believe that science 
can help us develop useful, safe, and effective technologies (possibly 
including heritable  human genome editing) that can make our lives 
better. In assessing the merits of heritable  human genome editing, 
however, taking into consideration the individual, societal, cultural, 
po liti cal, economic, ecological, and evolutionary ends this technology 
could serve, I have a number of worries about its pos si ble use.

First, I worry about the ways in which our approach to all  things 
ge ne tic endorses the false belief that “our genes R us,” and so obscures 
the truth: that our genes interact with other genes and cell pro cesses, 
with other body mechanisms, and with external social and physical 
environments, in complex ways that we  don’t yet fully understand. 
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The myth that we are our genes (the embrace of ge ne tic determinism) 
can be seen most obviously in the seemingly endless stream of media 
reports on the “gene for this” and the “gene for that,” which invari-
ably fail to explain that all traits are multifactorial. Our traits are 
the result of a complex web of environmental and ge ne tic  causes and 
influences— where the environmental  causes and influences include 
every thing that happens from conception onward that  isn’t ge ne tic.

Let us return to the example of height. In part, this trait is the re-
sult of ge ne tics; tall parents often have tall biological  children. But 
a child who is born to tall parents  will be short if starved. More-
over, on a population level, we can see changes in height due to im-
proved prenatal care, nutrition, and healthcare. Similarly, while 
 there is a clear ge ne tic component to intelligence,  there are also 
impor tant environmental contributions, which is why socie ties in-
vest in public education, and why parents with additional resources 
sometimes hire private tutors or pay for private schooling. Given 
 these other  factors that contribute to height and intelligence, it seems 
irresponsible to suggest that heritable  human genome editing is the 
way to control the height and intelligence of  future generations. Yet 
this is exactly the suggestion that is being put forward,  because of the 
dominant rhe toric in support of heritable  human genome editing—
an approach that continues to promote gene worship and to further 
entrench ge ne ticization and ge ne tic essentialism.

Second, I worry about greater social inequity and health in equality 
as a direct result of the introduction of heritable  human genome ed-
iting. We know, for example, that height and intelligence can be 
enhanced through access to prenatal care, a healthy diet, and exer-
cise, and that education is a well- worn path to enhancing intelligence 
by improving memory and learning. Yet we still have not ensured 
equitable access to  these environmental enhancements for the ben-
efit of us all. I anticipate the same  will be true with heritable  human 
genome editing, and that as a result, existing social inequities may 
grow.  Others are not perturbed by this possibility. For example, ac-
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cording to the British phi los o pher John Harris, “The fact that we 
cannot offer something to every one does not constitute a reason for 
not offering it to anyone, particularly when what is on offer is pro-
tection from severe disease.”

We live in a world that tolerates, even celebrates, the uneven dis-
tribution of social and economic advantages and disadvantages. In 
this world, a very small cadre of exceedingly wealthy and power ful 
individuals (commonly referred to as the 1  percent) thrive at the ex-
pense of the many (the 99  percent). A worry among  those who ob-
ject to heritable  human genome editing is that unequal access to 
genome- editing technologies  will both accentuate the vagaries of the 
natu ral lottery and introduce an unjust ge ne tic divide that mirrors 
the current unjust economic and social divide between rich and poor 
individuals, as well as wealthy and poor nations. This development 
would further exacerbate the growing gap between the “haves” and 
the “have nots” by creating a ge ne tic underclass. As Prince ton bi-
ologist Lee Silver explains:

The use of ge ne tic enhancement could greatly increase the 
gap between the “haves” and the “have- nots” in the world. A gap 
between classes within socie ties may emerge initially. But when 
the cost of reproge ne tics drops, as the costs of computers and 
telecommunications did, it could become affordable to the ma-
jority in Western and other industrialised countries . . .  When 
this happens, the economic and social advantages that wealthy 
countries maintain could be expanded into a ge ne tic advantage. 
And the gap between wealthy and poor nations could widen 
further with each generation  until all common heritage dis-
appears. A severed humanity might be the ultimate legacy of 
unfettered global capitalism.

I am also concerned about a rise in social intolerance for diversity 
and perceived imperfection, which I believe could be exacerbated by 
heritable  human genome editing. Years ago, I started a communal 
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ethics blog called Impact Ethics to which I regularly invited contribu-
tors to share their opinions on ethically contentious issues. Teresa 
Blankmeyer Burke, a phi los o pher and bioethicist at Gallaudet 
University, a liberal arts college in Washington, DC, for students who 
are deaf and hard of hearing, contributed a  couple of blogs on re-
search to develop gene therapy and genome editing to eliminate he-
reditary deafness. In her view,  these technologies represent a serious 
threat to the Deaf community and could result in cultural genocide. 
As she explained, attempts to “cure hereditary deafness would result 
in smaller numbers of deaf  children. This in turn, would reduce 
the critical mass of signing Deaf  people needed for a flourishing 
community, ultimately resulting in the demise of the community.” 
Blankmeyer Burke’s blog, “Gene Therapy: A Threat to the Deaf 
Community?” published in March 2017, was picked up by several 
alt- right websites, including Heat Street and the Daily Caller. In re-
sponse to this blog, Blankmeyer Burke received a considerable amount 
of threatening hate mail, including aggressive messaging from one 
person over a period of several days.

A few months  after this event, in October 2017, I wrote a blog in 
which I alluded to pos si ble negative downstream consequences of 
heritable  human genome editing. Drawing on the work of Blank-
meyer Burke, and  others, I noted:

The risks of increased discrimination (for example, racism, 
ableism, sexism) and stigmatization that accompany efforts to 
select for and against specific traits (par tic u lar characteristics 
and required qualities) are considerable. In part, this is  because 
 there is no agreed upon understanding of what counts as a se-
vere ge ne tic disease. For example, some believe hereditary deaf-
ness is a severe ge ne tic disease. Members of the signing Deaf 
community disagree. Deaf persons worry that gene editing  will 
be used to eradicate their social, linguistic community. They 
argue that research aimed at eliminating hereditary deafness is 
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a form of cultural genocide. Specifically, they worry that if they 
become fewer in number through overt efforts to ensure that 
they are not born, then they  will experience increased discrimi-
nation. Manifestations of this discrimination might include re-
newed efforts to extinguish signed language and increased ef-
forts at assimilation.

Diversity is an impor tant social equalizer insofar as it makes it 
less pos si ble to “Other”  those who are dif fer ent. If you homoge-
nize a population by “correcting” difference, you increasingly 
marginalize  those who are outliers and can be readily identified 
as such. This marginalization is informed by the same values 
used to justify the initial se lection of traits worth correcting.

In response, I received an email from an academic colleague stating, 
“The congenital deafness example is tired and trivial when compared 
to a painful and premature death of an infant. It is time that someone 
other than the ethical Luddites in this country be heard and lis-
tened to.”

While it is true that the example of congenital deafness has been 
discussed for more than twenty years by scholars who do not equate 
deafness with a defective way of being in the world and who are 
opposed to “treating” or “curing” deafness, this  doesn’t make the 
argument any less valid or salient. The point is that our definitions 
of “normal” are socially constructed and that not all members of 
the  human community view deafness as a deficit or a deficiency. 
Members of the Deaf community (and allies) worry that ridding 
 future  children of their deafness, and thereby removing them from 
the Deaf community, may be harmful.

The responses to  these blogs are worrisome. They suggest that op-
portunities for respectful public discussion and debate may be more 
 limited than is desirable in a demo cratic society. It should be pos-
si ble for reasonable  people committed to equity and individual lib-
erty to respectfully disagree, and at the same time remain open to 
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the possibility of learning from each other. If simply expressing ideas 
about the value of members of the Deaf community can elicit vitriol 
and intolerance, it is frightening to imagine what Deaf persons with 
unmodified  human genomes (by choice or circumstance) might ex-
perience in a  future world where the mainstream hearing cultural 
community has convinced most prospective parents to enhance the 
genomes of their  children to ensure “species- typical hearing” or even 
“enhanced aty pi cal hearing.”

More generally, I worry that as we change  human biology we  will 
at the same time (and initially imperceptibly) be shifting  human 
relations— how we see each other, how we relate to each other, and 
how we support each other. If heritable  human genome editing be-
comes a mainstream option, social cooperation and cohesion  will 
very likely come  under threat at a time when they are most needed. 
Recognizing this, we must be mindful of the foreseeable impacts of 
heritable  human genome editing on individual  humans and on hu-
manity, not just in terms of biology, but also in terms of sociology.

• • •

We live in a competitive world— a world that enjoins parents to 
pursue environmental enhancements that  will make their  children’s 
lives better. In this world, parents provide their  children with

vaccines to enhance the immune response to specific disease; 
good nutrition to enhance physical development; sound edu-
cation to enhance intellectual, social and other abilities;  music 
lessons to enhance manual dexterity and mathematical ability; 
dance lessons and gymnastics to enhance balance and posture; 
sports training (and / or ste roids) to enhance athletic ability, build 
muscle mass and [increase] strength; and cosmetic surgery to 
enhance physical appearance.

Given this pattern, if heritable  human genome editing is ever proven 
safe and effective, prospective parents can reasonably be expected 
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to want the benefits of this technology for their  children, initially 
for health- related purposes and eventually for non- health- related 
purposes. As with all consumer goods, some prospective parents  will 
be able to afford this technology; other prospective parents  will go 
into debt to purchase what they cannot afford; and still other pro-
spective parents  will be left out altogether.

In the nearer  future, as I imagine it,  there  will be clinical  trials of 
somatic cell  human genome editing that  will be  limited to interven-
tions that aim to eliminate or correct a “serious” disease- causing mu-
tation. If  these interventions prove successful, somatic cell  human 
genome editing for health- related purposes  will move into the clinic 
(where, as previously noted, it  will very likely be available and ac-
cessible only to a small minority). As the technology is increasingly 
used to improve the lives of patients who can afford it, apprehensions 
 will begin to subside. With time, the meaning of “serious” in relation 
to disease- causing mutations  will prove to be somewhat elastic and 
 will come to mean “undesirable” or “unwanted,” which could include 
a range of traits from the very trivial to the very serious. This is to be 
expected  because “serious” is a subjective concept whose meaning 
is informed by ever- shifting historical, personal, social, cultural, and 
po liti cal contexts. In this way, somatic cell  human genome editing 
 will come to be used, primarily by wealthy and power ful minorities, 
for both health- related and non- health- related purposes.

In turn, or in tandem,  there  will be pressure from some to remove 
or amend prohibitions or limitations on heritable  human genome 
editing so as to address health- related prob lems that are passed down 
from one generation to the next. As mentioned  earlier, it  will be ar-
gued that as a  matter of efficiency (and possibly cost- effectiveness), 
 there is no good reason to correct a “serious” disease- causing muta-
tion in patients only to have them pass on this mutation to the next 
generation, who in turn would need the same therapy.

 After some ethical hand- wringing,  there  will be arguments to 
use heritable  human genome editing for both health- related and 
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non- health- related purposes. Such use might begin with efforts to 
change genes that do not have a disease- causing mutation, but none-
theless have harmful consequences. An example would be genome ed-
iting to increase height in persons who are of short stature  because of 
normal inheritance, not  because of a ge ne tic syndrome. Alternatively, 
the initial move to non- health- related heritable genome editing might 
involve physical changes to improve athleticism, or cosmetic changes, 
for example, to hair or eye color. In any case, it is reasonable to antici-
pate the familiar pattern of “initial condemnation, followed by am-
bivalence, questioning and  limited use, followed in turn by a change 
in public perceptions, advocacy and fi nally widespread ac cep tance.” 
In this way non- health- related heritable  human genome editing would 
become a consumer good primarily, if not exclusively, available to 
 those with wealth and power who are intent on increasing their per-
sonal advantage and social capital through ge ne tic manipulation.

With time and experience, the express goal of  human genome ed-
iting would become one of  human transformation. This modern 
eugenic proj ect could be imposed top- down by an autocratic gov-
ernment intent on improving its population’s ge ne tics. (The recent 
state- sponsored doping program in Rus sian sports makes this con-
ceivable.) Alternatively, or in addition, eugenic goals might be ad-
vanced unwittingly by prospective parents exercising their so- called 
reproductive freedom. In demo cratic countries, it is anticipated that 
decisions about the use of heritable  human genome editing  will be 
made bottom-up by well- to-do prospective parents as they decide 
which ge ne tic changes they want to make in their offspring.  These 
parental choices  will not be made in a vacuum. They  will be informed 
by societal norms and prejudices that identify some traits (charac-
teristics and capabilities) as desirable and  others as undesirable. The 
cumulative effect of  these ostensibly personal reproductive choices 
 will make plain our prejudices about what “perfect” and “imperfect” 
mean, in turn both revealing and determining who we are, and  will 
be, as  human beings.
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Some years ago, Mark Frankel, a po liti cal scientist and then di-
rector of the Scientific Responsibility,  Human Rights and Law Pro-
gram at the American Association for the Advancement of Science, 
insisted that the market and  free choice— not the government— 
would promote heritable  human genome editing:

In his 1932 book, Brave New World, Aldous Huxley led us to 
believe that when it came to our genes and reproductive  futures, 
our worst nightmare was government involvement in procre-
ative activities and a society that devalued individual decision 
making. But as we begin the twenty- first  century, the greater 
danger . . .  is a highly individualized marketplace fueled by an 
entrepreneurial spirit and the  free choice of large numbers of 
parents that could lead us down a path, albeit incrementally, 
 toward a society that abandons the lottery of evolution in  favor 
of intentional ge ne tic modification. The discoveries of ge ne tics 
 will not be imposed on us. Rather, they  will be sold to us by the 
market as something we cannot live without.

More recently, historian Daniel Kevles has made a similar point. In 
the December 2015 issue of Politico, he wrote:

It’s not overly alarmist to say eugenics, or what ever we call it 
this time, could come back, only in a new private form  shaped 
by the dynamics of demo cratic consumer culture.

What could happen now is likely to be far more bottom-up 
than the top- down, state- directed racial programs of the past— 
individuals and families choosing to edit their genes,  whether 
to prevent illness or improve capacity or looks, and finding 
themselves encouraged to do so by what was absent in the era 
of eugenics: the biotechnology industry.

The belief  here is that commercial and consumer interests  will 
dovetail. Prospective parents  will respond positively to marketing 
campaigns about which traits to confer on their  future  children just 
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as, in the recent past, they have responded positively to the mar-
keting of prenatal ge ne tic testing and PGD to avoid the birth of 
certain  children. Their reproductive choices  will be  shaped by dom-
inant social and cultural norms about which traits are desirable and 
which traits are not— norms that  will have been conditioned by 
historical and con temporary mores, policies, and practices. In this 
way, prospective parents  will fulfill the concern of sociologists that 
Celeste Condit articulates in her book The Meanings of the Gene: 
that while “the entry of eugenics by the front door at the beginning 
of the twentieth  century may have been repudiated, . . .  it has now 
firmly entrenched itself in our national homes via the back door of 
parental choice and medical manipulation.”

• • •

The term “eugenics” was coined in 1883 by the British polymath 
Sir Francis Galton. Galton was widely known for his study of  human 
physical variation and his interest in the inheritance of intelligence. 
Initially, eugenics referred to a range of social and reproductive prac-
tices aimed at improving the quality of the  human gene pool. Some 
of  these practices  were designed to increase the rates of sexual re-
production among  people with heritable desirable traits (positive eu-
genics). Other practices, including marriage prohibitions and forced 
sterilizations,  were attempts to decrease the rates of sexual repro-
duction among  people with heritable undesirable traits (negative 
eugenics).

In  earlier times, the options for reproductive and ge ne tic se lection 
included sterilization, contraception, prenatal testing followed by 
abortion, and donor insemination (previously called artificial insem-
ination). The first three of  these strategies aimed to reduce undesir-
able traits in the  human population. The last option, donor insemi-
nation, aimed to increase desirable traits in the  human population. 
 Today, for  those with eugenic goals and an explicit desire to shift 
the distribution of genes in the population, the options for both pos-
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itive and negative eugenics have increased significantly.  There are 
prenatal screening and testing for ge ne tic anomalies using cell- free 
DNA (known as non- invasive prenatal testing), chorionic villus sam-
pling, and amniocentesis.  There is PGD followed by embryo se-
lection and transfer.  There is IVF with or without donor eggs or 
sperm.  There is contract pregnancy (also called surrogacy), where a 
 woman agrees to bear and give birth to a child for someone  else. 
 There is intra- cytoplasmic sperm injection (ICSI), which involves in-
serting an individual sperm into an egg.  There is nuclear genome 
transfer (also called mitochondrial donation) involving the removal 
of nuclear DNA from one egg and its insertion into an enucleated 
egg. Recently added to this list of options is heritable  human genome 
editing.

As the use of some of  these reproductive and ge ne tic technologies 
has been normalized, concerns about how they might play into neg-
ative or discriminatory attitudes  toward persons living with disabil-
ities have increased. In rebutting  these concerns, it has been said 
that use of  these technologies involves gene se lection, not  people se-
lection. Perhaps. But in the context of reproduction, the divide be-
tween disease- free genes and faulty genes eventually tracks beyond 
ge ne tics to  people, essentially marking them as society’s “desirables” 
or “undesirables.” And once  people are marked as “undesirables,” 
they are at risk of exposure to harmful and oppressive acts of dis-
crimination, stigmatization, and marginalization. This is a serious 
prob lem, one that  will almost certainly worsen if  there comes a time 
when “desirables” are no longer persons with disease- free genes, 
but persons with genomes that have been successfully modified for 
personal or social gain.
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With heritable  human genome editing (and other emerging tech-
nologies such as artificial intelligence) on the horizon, it is now pos-
si ble to see and understand that we are living in a discrete era—an 
era that can usefully be described as “interim time.” As concerns 
 human genome editing, this is the time between when scientists and 
science fiction writers first  imagined the successful manipulation of 
the  human genome, and some  future time when heritable  human ge-
nome editing  will be authoritatively banned or widely embraced.

In my estimation, this new era began in the 1920s and 1930s. In 
1922 Hermann Joseph Muller, an American classical ge ne ticist and 
 future Nobel laureate, published “Variation Due to Change in the 
Individual Gene.” In this article, which can reasonably be said to 
mark the beginning of the beginning, Muller wrote about genes as 
distinct substances within chromosomes and explained that  there 
 were “thousands of ‘genes’ ” in  every cell. Without knowing “the 
chemical composition of the genes, and the formulae of their reac-
tions,” he insisted that “ these genes exist as ultramicroscopic parti-
cles; their influences nevertheless permeate the entire cell, and they 
play a fundamental role in determining the nature of all cell sub-

5
Ethics in the Interim
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stances, cell structures and cell activities. Through  these cell effects, 
in turn, the genes affect the entire organism.” According to Muller, 
genes could self- propagate (they had what he described as an auto-
catalytic power), and as they passed from one generation to the next 
they became “heredity.” Muller further explained that if a gene  were 
altered through chance, the changed gene would retain its ability to 
self- propagate thereby resulting in “variation due to change in the 
individual gene,” commonly known as “mutation.” Muller under-
stood the inheritance of gene variation as the root of organic evolu-
tion. Understanding what could happen by chance, Muller was in-
spired to think about what could happen by design.

 Later in the 1920s, Muller penned Out of the Night, a book with 
clear eugenic overtones that was first published in 1935. It included 
a chapter on heredity and character in which Muller made explicit 
reference to the role of ge ne tics (as opposed to environmental influ-
ences) in determining a person’s social character as well as their cog-
nitive and moral qualities. Then in 1939, at the beginning of World 
War II, “Social Biology and Population Improvement” was pub-
lished. The text for this so- called Ge ne ticists’ Manifesto was drafted 
by Muller and co- signed by a number of eminent ge ne ticists at the 
Seventh International Congress of Genetics in Edinburgh. Francis 
Albert Eley Crew, in his role as president, was the official lead author, 
and Julian Huxley, the British eugenicist and  brother of Aldous 
Huxley, was among the signatories.

The manifesto outlined the shared belief that the environment and 
heredity  were “complementary  factors in  human wellbeing,” and 
that both  factors  were “ under the potential control of man.” Ad-
dressing environment, the authors called for equitable economic 
and social conditions, as well as changes in “economic and po liti cal 
conditions which foster antagonism between dif fer ent  peoples, na-
tions and ‘races.’ ” They also stressed the importance of “adequate 
economic, medical, educational and other aids in the bearing and 
rearing of [ children],” as well as the importance of access to certain 
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reproductive options including “voluntary temporary or permanent 
sterilization, contraception, abortion (as a third line of defense), con-
trol of fertility and of the sexual cycle, artificial inseminations,  etc.” 
In their view, however,  these environmental changes would not be 
sufficient for population improvement; ge ne tic se lection was also im-
perative. The most impor tant ge ne tic objectives  were  those aimed 
at improving “ those ge ne tic characteristics which make (a) for health, 
(b) for the complex called intelligence and (c) for  those tempera-
mental qualities which  favor fellow- feeling and social be hav ior 
rather than  those ( today most esteemed by many) which make for 
personal ‘success’, as success is usually understood at pre sent.” With 
 these lines, the categories implicit in Out of the Night  were made 
explicit.

In 1932, as Muller and his fellow scientists  were working on the 
science of ge ne tic inheritance, Aldous Huxley published Brave New 
World, in which he imagines genet ically engineered  humans grown 
in hatcheries. In this “new” world, developing embryos move from 
the Fertility Room, to the Bottling Room, to the Social Predestina-
tion Room, to the Decanting Room, to the Infant Nurseries. At the 
end of the production line  there are the standard Gammas, the un-
varying Deltas, and the uniform Epsilons.  These are the lower castes 
whose social destiny is the result of mass production applied to bi-
ology and careful neo- Pavlovian conditions. At the other end of the 
social spectrum  there are the Alphas and the Betas.

This  imagined  future involving the degradation of some  humans 
and the enhancement of  others— which British phi los o pher Bertrand 
Russell judged “all too likely to come true”— has since moved closer 
to pos si ble real ity as a result of significant advances in the science 
of both ge ne tic inheritance and  human reproduction. In 1869, the 
Swiss chemist Friedrich Miescher isolated DNA from cells. Much 
 later, in 1944, the American scientists Oswald Avery, Colin  MacLeod, 
and Maclyn McCarty  were able to show that DNA was responsible 
for heredity. Then, in 1953, American biologist James Watson and 
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British physicist Francis Crick, working together at Cambridge 
University— and with impor tant contributions by the British physi-
cist and molecular biologist Maurice Wilkins and British chemist and 
X- ray crystallographer Rosalind Franklin— discovered the three- 
dimensional double helix structure of DNA. Some years  later, in 
1970, researchers at Johns Hopkins published their discovery of en-
zymes that cut and splice DNA. Then in 1975, two research teams 
(one team led by the British biochemist Frederick Sanger and the 
other team comprised of the duo Alan Maxam and Walter Gilbert 
working at Harvard University), developed what  were then rapid 
DNA sequencing methods. In 1978,  there was the birth of the world’s 
first IVF baby where egg and sperm  were joined outside of the  human 
body, and in 1990, PGD was first used to identify the ge ne tic char-
acteristics of embryos prior to embryo transfer. In 2000, a working 
draft of the  human genome was published and in 2003 it was com-
pleted. And in 2018, thirty years  after the first IVF baby, we had the 
first gene- edited babies.

In the interim, we have had considerable time to reflect on the 
ethical implications of manipulating the  human genome. According 
to some, we have not used this time wisely: our ethical reflections 
on the ge ne tic  future of humanity have not kept pace with our sci-
entific advancements. But what can this possibly mean? Is the sug-
gestion  here that our ethical views and values are unsophisticated 
and thus not up to the task of addressing sophisticated advances in 
science and biotechnology? Or is it that our ethics is reactive when 
it should be proactive? Perhaps the objection is that our ethics is un-
focused owing to a lack of agreed-on ethical princi ples—or that 
 those princi ples are not  really ethical? From my perspective, the 
claim that “science is outpacing ethics” (or that “ethics is lagging 
 behind science”) is false. Moreover, it is disingenuous. For science 
(which is not synonymous with scientists), comments about the 
speed of ethics are just code for the idea that “ethics is unnecessarily 
impeding science.” The under lying belief is that ethics should 
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champion, not question, the urgent goal of treating or preventing 
disease and the laudable goal of improving  human nature.

In response, ethics (which is not synonymous with ethicists) in-
sists that “treating disease” using heritable  human genome editing 
is no urgent  matter insofar as  there is no patient to be treated or 
protected. Heritable  human genome editing, unlike somatic cell 
 human genome editing, does not treat a person. At most, it creates 
a dif fer ent person from the one who would other wise have been 
born. As for the additional goal of improving  human nature through 
ge ne tic manipulation, ethics has legitimate questions and concerns 
about this goal. This is because, as noted by the American political 
scientist Francis Fukuyama in Our Posthuman Future (2002), “human 
nature is fundamental to our notions of justice, morality, and the 
good life, and all of these will undergo changes if this technology 
becomes widespread.”

• • •

Earnest discussions about the ethics of manipulating the  human 
germline date back to the 1970s and  were spurred by the development 
of recombinant DNA techniques. Back then, when a few eminent 
scientists pointed out the potential eugenic advantages of certain 
forms of ge ne tic engineering,  others, including scientists, clinicians, 
theologians, and phi los o phers, raised ethical concerns. Techniques 
including  human cloning and the creation of human- animal chi-
meras (new organisms with DNA from  human and non- human 
animals)  were alarming to  those worried about the health and well- 
being of  future  children. In par tic u lar,  those concerned about  these 
techniques worried about potential physical and psychological harms 
to  children, the commodification of  children, the rights of  children 
to an open  future, and the rights of  children to a unique ge ne tic 
identity.  There  were also concerns about the moral status of the de-
veloping  human embryo, ge ne tic discrimination, the widening gap 
between the haves and the have nots, and more.
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Then, in 1997, the Roslin Institute in Scotland publicly announced 
the birth of the world’s first cloned mammal— Dolly the sheep. This 
birth stirred the public imagination. Dolly was born in July 1996 of 
three  mothers— one sheep that provided an unfertilized egg from 
which the nucleus (nuclear DNA) was removed, another sheep that 
provided the adult nuclear DNA that was transferred into the donor 
enucleated egg using a technique called somatic cell nuclear transfer, 
and a third sheep that was implanted with the cloned embryo. This 
birth announcement immediately raised the specter of cloning  human 
beings, and the pundits  were quick to caution the world about such 
risks as creating an army of cloned Hitlers. At the time,  there  were 
multiple references to Ira Levin’s 1976 novel The Boys from Brazil, 
in which plans for the Fourth Reich begin with Josef Mengele’s ef-
forts to clone Hitler and raise the cloned boys in Brazil. Reaching 
further back in time, and with a broader reference to uncontrolled 
science and  human hubris, other dire warnings referenced Huxley’s 
Brave New World (1932) and Mary Shelley’s gothic story Franken
stein (1818).

Also in 1997, Dutch embryologist Jacques Cohen and his col-
leagues at the Institute for Reproductive Medicine and Science of 
Saint Barnabas in New Jersey reported the birth of a healthy baby 
girl following ooplasm transfer. This feat involved modifying the 
composition of the mitochondrial DNA of a fertility patient’s egg 
prior to IVF by injecting a small amount of ooplasm from a healthy 
donor egg.

That same year, the American biologist Lee Silver published Re
making Eden. In this book, Silver  imagined a  future in which indi-
viduals are able to convert their social advantage into a ge ne tic ad-
vantage using a range of reproductive and ge ne tic technologies for 
which he coined the term “reproge ne tics.” In his  imagined  future 
world,  there  were the Natu rals (persons with unmodified genomes) 
and the Gene- enriched, or “GenRich” for short (persons with modi-
fied genomes). Silver  imagined the  future use of artificial chromosomes 
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as a way to introduce a “gene- pack” with hundreds if not thousands 
of new genes. He also  imagined the use of embryonic- like stem cells 
as a way to replace genes within chromosomes. A third possibility 
was an anti- gene therapy to stop the action of targeted genes. But 
even as he wrote about  these possibilities, Silver acknowledged that 
simpler “feasible, safe and efficient” methods likely would be devel-
oped by the  middle of the twenty- first  century.  Today, if a new edition 
of Remaking Eden  were published, the reproge ne tic technology of 
choice would be heritable  human genome editing.

As for popu lar culture, in 1997, full- page ads appeared in news-
papers across the United States announcing, “ Children made to 
order.” As described by Gretchen Vogel, “The ad offered a checklist 
of traits— including musical ability, athletic prowess, and protection 
against premature baldness— for parents to choose for their off-
spring. And it provided a toll- free telephone number and a Web site 
for readers to set up an appointment.” Fifty thousand calls  were 
made to this number over the weekend by  those who  didn’t read 
the fine print, which explained that this was advertising for the new 
film GATTACA— a science fiction thriller about a divided world in 
which social class is determined by ge ne tics.

In this film  there are two categories of citizens— the “in- valids” 
and the “valids.” Persons who  were naturally born are described as 
faith babies and referred to as in- valids. They are subject to systemic 
ge ne tic discrimination and are burdened by shame and stigma. Their 
counter parts (and their competition) are the valids— persons who 
 were born genet ically enhanced using reproductive and ge ne tic se-
lection technologies.  There are two main characters in this film, Vin-
cent Freeman and Jerome Morrow. Vincent is an in- valid whose life 
ambition to travel in space has been stymied by his ge ne tic status. 
Jerome is a laboratory- engineered valid whose life trajectory has 
been derailed by an accident that has confined him to a wheelchair. 
Vincent purchases Jerome’s DNA identity in the hope of achieving 
his life goal. In the final scenes, Vincent is seen boarding a space-
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craft; Jerome has chosen to incinerate himself.  Today, if  there was a 
remake of (or a sequel to) the film GATTACA, heritable  human ge-
nome editing would be used in tandem with ge ne tic se lection to 
engineer the valids.

While much has changed since the 1920s and 1930s concerning 
the science and the availability of vari ous reproductive and ge ne tic 
technologies, it appears that  little has changed in how  people feel 
about the ethics of such technologies.  There has been a shift in the 
salience of certain ethical issues as changing social and religious 
mores in some countries have led to dif fer ent perceptions about the 
moral status of the developing  human embryo. And  there has been 
a marked increase in the attention paid to the harms experienced 
by  women. Other than this, however, throughout the years the ethics 
discussions and debates have remained largely focused on the an-
ticipated harms to  children born of  these technologies; the potential 
negative societal consequences of a new kind of eugenics; the known 
opportunity costs; the difficulties of acquiring informed consent; and 
challenges to parenting and other  family relationships.

• • •

Since the early 1920s, the beginning of “interim time,” much has 
been written about the potential benefits of using heritable  human 
genome editing to eliminate undesirable genes or introduce desirable 
genes. As the debate has evolved,  these potential benefits have fallen 
into four broad categories— benefits to prospective parents, to 
 children, to society, and to the gene pool.

Benefits to Prospective Parents.  According to the proponents of 
heritable  human genome editing, the most compelling reason to 
pursue this science is the potential benefit to  couples who want 
genet ically healthy and genet ically related  children but are at risk 
of transmitting a serious ge ne tic disease to their  children. With heri-
table  human genome editing,  these  couples would be able to avoid 
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this risk and so avoid the emotional, financial, and other burdens 
associated with having a child with a serious ge ne tic disease. Another 
more distant— and, for some, contested— potential benefit for pro-
spective parents would be the ability, in a  future era of safe and ef-
fective genome editing, to provide their offspring with health- related 
and non- health- related enhancements. This could involve using ge-
nome editing to improve health by reducing susceptibility to ge ne tic 
or infectious disease. It could also entail using it to provide select 
characteristics or capabilities  either in the pursuit of excellence, or 
for competitive advantage.

Benefits to  Children.  A potential benefit for  children with safe and 
effective heritable  human genome editing is the benefit of life. 
Without genome editing, some  children’s parents would have chosen 
not to reproduce in order to avoid having a child with a serious ge-
ne tic condition. In addition to the benefit of life, it is anticipated that 
 there would be the benefit of life without ge ne tic disease. Fi nally, de-
pending on what options are available,  there might also be the ben-
efit of special characteristics and capabilities made pos si ble by non- 
health- related genome enhancement.

Benefits to Society.  In cata loguing the potential benefits to society 
of safe and effective heritable  human genome editing, it is common 
to mention the reduced costs for health and social programs that 
would other wise be needed to support individuals with disabilities 
and increased needs. Opportunities to increase fairness and equity—
to level the playing field— are also touted  because this technology could 
be used to correct disadvantages that result from the unfair ge ne tic 
lottery. Beyond this, some have suggested that society might benefit 
from having among its members persons with additional talents, 
such as increased knowledge or memory, or greater strength.

In 1984, the British phi los o pher Jonathan Glover penned What 
Sort of  People Should  There Be? In this thought- provoking book, 
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Glover noted that the risk of irreversible disaster was both a reason 
for, and a reason against, the gradual introduction of new enhance-
ment technologies. Among the reasons for proceeding with  human 
enhancement  were a better quality of life and the more likely sur-
vival of the species. Glover  imagined a  future time when we would 
have exhausted our capacity to understand our world: “Just as cal-
culus is too much for a dog’s brain to grasp, so some parts of physics 
might turn out to be too difficult for us as we are.” Glover hypoth-
esized that at some  future time we would welcome the opportunity 
to transcend our intellectual limitations. He also  imagined an interest 
in genet ically enhancing our affective capacities. According to him, 
“our  limited capacity for altruism, and for the imaginative sympathy 
it depends on” is both the cause of considerable misery and an im-
mediate threat to our survival. More specifically, Glover posited that 
our per sis tent failure to eliminate war suggested the need for ge ne tic 
and environmental enhancements that could help us overcome our 
emotional and imaginative limitations to become more altruistic and 
sympathetic to  others.

Benefits to the Gene Pool.  With safe and effective heritable  human 
genome editing  there is the promise of improving the  human gene 
pool. The idea is that, in the  future, this technology could be used 
to correct “bad” versions of a gene, introduce “good” versions of a 
gene, or add new “good” genes—as a way of increasing the preva-
lence of desirable traits, and reducing the prevalence of undesirable 
traits. But this assumes that we have some objective way of knowing 
which traits (characteristics and capabilities) are desirable and which 
genes influence  these traits. Over time, as the generations reproduce, 
the hope would be to increase the chances of having more genet-
ically healthy, gifted  children in the population, while maintaining 
ge ne tic diversity.

 Others are much less sanguine about the promised benefits 
of heritable  human genome editing and have concerns about the 
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corresponding harms for each of  these categories of benefit. And 
what about the harms to  women, for which  there is no corresponding 
benefit?

Harms to  Women.  In discussions of heritable  human genome ed-
iting, as with most discussions of reproductive and ge ne tic technol-
ogies, all too often  women’s roles are overlooked. This is outrageous 
when one considers the essential role of  women in reproduction, 
 unless and  until  humans are able to reproduce using artificial gam-
etes (synthetic eggs and sperm) and an artificial uterus.

Consider the potential harms to  women who are asked to pro-
vide eggs for basic research involving germline genome editing in the 
laboratory, or to participate in clinical  trials involving germline ge-
nome editing for reproduction. In  either situation,  there would be 
the potential physical and psychological harms involved with hor-
monal stimulation and egg retrieval. In addition, with participation 
in pos si ble  future clinical  trials  there would be the potential harms 
associated with pregnancy, miscarriage, and  either abortion or de-
livery. In some instances,  there might also be harms involved in the 
postpartum period and beyond, especially if the genome editing re-
sulted in harms to the offspring.

For research involving  human germline genome editing in the lab-
oratory or in a clinical trial, eggs and sperm would be collected and 
embryos would be created. For  women, egg collection involves hor-
monal stimulation followed by egg retrieval. Common potential 
physical harms from the daily hormone injections include cramping, 
mild abdominal pain, nausea and vomiting, and bloating. Common 
potential psychological harms include mood changes and irritability. 
The more serious potential physical harms are  those associated with 
ovarian hyperstimulation syndrome and among  these are shortness 
of breath, rapid weight gain, severe abdominal bloating and pain, 
severe nausea and vomiting, hemorrhage, thromboembolism, and 
respiratory difficulty. In some cases, hospitalization is required and 
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in exceptionally rare cases, a few women have died. There is also a 
small chance of decreased fertility or infertility, and  there is anec-
dotal evidence about risks of ovarian, breast, and colon cancer.

In a clinical trial of heritable  human genome editing,  there would 
also be the potential complications of pregnancy, miscarriage, abor-
tion, or delivery. If the  women who consented to participate in clin-
ical  trials of heritable  human genome editing  were motivated to do 
so by a desire to avoid having  children with a specific ge ne tic ill-
ness, they might have an under lying health condition that makes 
pregnancy riskier for themselves. Further, if the effort at heritable 
 human genome editing went terribly wrong, the  women research 
participants might want to terminate their pregnancy, which for 
some might be psychologically distressing. As well, for some  women 
this decision might involve additional practical prob lems in terms 
of access to abortion ser vices.

In addition to  these potential physical and psychological harms, 
 there is the potential harm of “unfair advantage exploitation,” which 
occurs when the distribution of benefits and harms is unjust and the 
consent provided is invalid. A consent is invalid if, for example, it is 
given on the basis of incomplete disclosure of relevant information 
by the research scientists leading a study.

Fi nally, if we can imagine a  future in which safe and effective heri-
table  human genome editing is both available and accessible, we 
can also easily envision harms to  women (and  couples) from  either 
resisting or acquiescing to social pressure to use this technology to 
create their  children.

Harms to Prospective Parents.  Just as desired changes might be 
passed down from one generation to another, so too might unwanted 
errors potentially resulting in new heritable diseases or cancers. New, 
harmful ge ne tic variations may result from efforts to genet ically 
alter eggs, sperm, or early stage embryos. To paraphrase the famous 
eighteenth- century Scottish poet Robert Burns, “the best laid plans 
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of mice and men often go awry.”  Couples who consent to genome 
editing to avoid the transmission of serious ge ne tic disease may end 
up having  children with ge ne tic diseases or cancers that  were caused 
by the technology. This risk would be especially high in the early 
days of clinical  trials.

If this research risk could be reduced to an “acceptable” range, 
and heritable  human genome editing  were to become available and 
accessible in a clinical context, the risk of harm to prospective par-
ents could shift from  those who use genome editing to  those who 
refuse genome editing. We already know from current experience 
with prenatal testing and PGD that  women who have  children with 
a ge ne tic illness, when they could have chosen to avoid this out-
come, are at risk of social sanction. They face the prospect of being 
labeled and chastised as “bad  mothers” for having failed to meet social 
norms and expectations, and for acting against the perceived best 
interests of their  children. The equivalent with genome editing would 
be that prospective parents (especially  women) who elected not to 
genet ically modify their  children would be condemned for failing 
to meet their parental obligation to promote their  children’s health, 
happiness, and success. Phi los o phers John Harris and Julian 
 Savulescu, among  others, have long argued that parents have a moral 
obligation to ensure the “best life” pos si ble for their  children. In 
their view, this obligation includes providing future  children with 
cognitive, physical, cosmetic, moral, and other improvements as they 
become available.

Harms to  Children.   Children born of embryos whose genomes have 
been modified may experience serious health prob lems as a direct 
result of harmful off- target effects (edits in the wrong places), on- 
target effects (edits in the right places but with harmful conse-
quences), and genome- wide effects (on dif fer ent chromosomes and 
in dif fer ent tissues).  These are the same risks as with somatic cell 
genome editing for patients. But with germline genome editing  there 
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is the added risk of mosaicism (incomplete editing). This is when 
some, but not all, of the developing embryo’s cells are successfully 
modified and as a result the embryo has both non- edited and edited 
cells (as reportedly happened with one of the twins created by 
Jiankui He). Among the edited cells  there may be cells modified as the 
scientist intended, as well as cells modified in some other way that 
could be harmful. The harmful consequences may be observed in 
utero or at birth, or they may only become evident much  later in 
life and in some cases only  after the  children have reached their re-
productive years. This introduces the possibility of multigenerational 
harm if the first generation of persons with harmful ge ne tic modifi-
cations passes them on to a  future generation.

From another perspective, in a pos si ble  future era of safe and ef-
fective heritable  human genome editing,  children with genomes that 
have been modified to make them closer to some parental ideal may 
also experience psychological harm as a result of having their life 
choices constrained in this way. While it is true that all  children’s 
life choices are constrained by parental preferences, typically  these 
are  limited to environmental  factors such as where to live, what 
school to attend, and what language to learn. With reproduction 
by sexual relations, parents’ control over their  children’s ge ne tics is 
mostly  limited to the choice of sexual partner and the timing of inter-
course. In the  future, with heritable  human genome editing, parental 
preferences could include some mea sure of control over the choice 
of genes.

I once mused about an imaginary concert violinist who chose to 
clone herself and then invested heavi ly in both ge ne tic and environ-
mental enhancements to ensure her child would be an acclaimed 
musician.  There  were ge ne tic modifications to improve dexterity, 
hearing, and memory. On the environmental side,  there  were en-
hancements such as exercises to maximize the girl’s genet ically im-
proved dexterity and memory, a drug regimen to alter the serotonin 
levels, a Stradivarius, and  music lessons at the Juilliard School. A 
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child  shaped in this way likely would find it very difficult, some 
might say impossible, to pursue a life trajectory other than the one 
that was ever so carefully planned for her. Already, parents are in-
clined to use ge ne tic knowledge to make impor tant life choices for 
their  children. Neil Hoekstra, for example, knows that his son has 
a faulty MSTN gene and so  will have greater muscle mass than the 
average person. Hoekstra considers this deficiency a bonus: “I want 
him to be a football player. He could be the next Michael Hart” (a 
star University of Michigan  running back). One can only imagine 
how much more forcefully parents might pursue specific life plans 
for their  children if their ge ne tic advantage was planned and paid 
for, and not mere “luck.”

Harms to Society.  Opponents of heritable  human genome editing 
doubt that the technology, once proven safe and effective, would be 
used to increase fairness and equity. They anticipate instead a new 
kind of eugenics and a widening of the gap between the “haves” and 
the “have nots.” If so, the dramatic societal and cultural consequences 
 will prob ably include increased discrimination, stigmatization, and 
marginalization—at first only of  those with so- called undesirable 
genes, but eventually also of  those with unmodified genomes. The 
worry is that existing social inequities and health inequalities among 
 people with disabilities,  people of par tic u lar racial or ethnic groups, 
 people of lower castes, and eventually every one would be exacer-
bated as  those with power, privilege, and money would be better able 
than  others to avail themselves of health- related (and non- health- 
related) advantages that would come with heritable genome editing.

Harms to the Gene Pool.  If, at a population level, human genome 
editing were to occur in a statistically significant way, there would 
be the risk of increasing the diversity of the gene pool with the ad-
dition of deleterious genes. There would also be the risk of decreasing 
the diversity of the gene pool because of millions of individuals’ 
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reproductive choices. If heritable  human genome editing  were widely 
available and accessible, but not risk- free, then changing a “bad” 
version of a gene might simply result in swapping one “bad” gene for 
another “bad” gene, with  either net neutral or net negative effect 
(depending on how bad the swapped genes  were). At the same time, 
individuals who availed themselves of this technology would likely 
select both “for” and “against” similar genes— selecting “for” genes 
deemed socially desirable and selecting “against” genes deemed so-
cially undesirable. This conformity could decrease diversity  unless, 
at the same time,  there was the widespread introduction of novel 
designer synthetic genes catering to idiosyncratic choices. Decreasing 
the diversity of the gene pool in this way could be harmful for the 
 human population, in part by increasing the risk of ge ne tic disease.

 There is more to ethics, however, than this cata loging of potential 
benefits and harms.
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Those who take a cautious or negative view of heritable  human 
genome editing often point to ethical and societal concerns that 
both precede, and extend beyond, familiar harm- benefit analyses. 
 These concerns provoke impor tant and urgent questions. For ex-
ample, what does it mean to embrace a  future in which  humans are 
a product of  human manufacture and not a product of nature? 
How much of the enthusiasm for ge ne tic modification presumes a 
certain kind of naïve biological determinism? And what hubris en-
joins us to think that we  humans can (or should) master the  human 
evolutionary story? To quote Eric Lander on this last point, “We’ve 
only just skimmed the three- billion- year- old ge ne tic text and al-
ready  they’re saying, ‘Hey! I think I can improve on this!’ ” Indeed, 
in recent years such confidence has spurred some scientists to 
move forward with  human germline genome editing research with 
a view to eventually modifying  future  humans. This research raises 
a number of ethical concerns. Some of  these have to do with poten-
tial harmful consequences;  others with  matters of fairness and 
justice.

6
Of Harms and Wrongs
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Exploitation of  Women Egg Providers.  As previously noted, the 
potential harms to the  women who provide the eggs for germline 
genome editing research are too often ignored or given short shrift. 
One such potential harm is the risk of exploitation. I focus here on 
the research consent documents used by Shoukhrat Mitalipov, a re-
productive biologist of some renown from Oregon Health & Science 
University (OHSU), and his colleagues in California, China, and the 
Republic of  Korea.

In 2017, Mitalipov and his colleagues became the first research 
team based outside China to report “success” in  human germline 
genome editing. Their research involved attempts to repair a muta-
tion responsible for a heart condition called hypertrophic cardiomy-
opathy. This is an autosomal dominant disease caused by a faulty 
MYBPC3 gene, which  causes a thickening of the heart muscle. A 
person who inherits one copy of the faulty gene  will develop heart 
disease.

This research involved the creation of fifty- eight embryos using 
healthy eggs from  women egg providers and sperm from a male with 
the faulty MYBPC3 gene. If fertilization had happened without 
CRISPR genome editing, about half (50  percent) of the embryos cre-
ated would have had the mutation. Following ge ne tic manipulation 
by the research team, only sixteen of the fifty- eight embryos (only 
28  percent) had the faulty gene. While some have celebrated this re-
search as a significant breakthrough, other researchers have sug-
gested that the findings are biologically implausible.

For this research, Mitalipov and colleagues needed healthy  human 
eggs, which they obtained from healthy  women volunteers and from 
 women undergoing fertility treatment. To approach  these  women 
for their eggs, the research team sought and obtained the approval 
of the OHSU Institutional Review Board (IRB). Shortly  after the 
research was published, I requested and received copies of some of 
the consent documents for this research. I was genuinely surprised 

 EBSCOhost - printed on 2/13/2023 6:23 AM via . All use subject to https://www.ebsco.com/terms-of-use



96 • Altered Inheritance

at the number of serious ethical prob lems. I was surprised  because 
the IRB that reviewed and approved this research should have known 
that findings from this research would be subject to international 
scrutiny and that some might be interested in the consent forms and 
the consent pro cess. On November 21, 2017, I sent a ten- page single- 
spaced letter detailing my concerns to the director of the  Human 
Research Protection Program (and IRB chair), the IRB man ag er, all 
members of the IRB, and the vice president of research at OHSU. 
I  copied Mitalipov on this letter. On May 4, 2018,  after several 
follow-up emails, I received a formal response from the director of 
the  Human Research Protection Program. In her letter to me, she 
indicated that changes had been made to the research consent doc-
uments and that  these changes had been approved by the IRB on 
March 15, 2018. The fact that changes  were made to  these docu-
ments long  after the published research suggests  there is an ongoing 
research program.

Two of the many issues I raised with the IRB concerned the po-
tential exploitation of the healthy  women volunteers and the  women 
undergoing fertility treatment. The first issue concerned payment; the 
second concerned conflict of interest.

In many countries, commerce in reproductive tissues is prohibited 
due to the belief that eggs, sperm, and embryos should not be bought 
and sold in the marketplace. In Canada, for example, it is illegal to 
buy eggs and I support this legislation. The prohibition on payment 
aims to protect  women egg providers from the twin risks of exploi-
tation and coercion. On the one hand,  there is the risk that egg 
providers  will be paid too  little, in which case  there  will be an un-
fair distribution of harms and benefits, that is, exploitation. On the 
other hand,  there is the risk that egg providers  will be paid too 
much relative to their circumstances, in which case their voluntari-
ness might be undermined; they may be coerced. Initially, the con-
cern about exploitation was for  women asked to provide eggs for 
fertility treatment— healthy volunteers offered money in exchange 
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for their eggs, or fertility patients offered a discount on IVF treat-
ment in exchange for egg sharing. The worry was that eco nom ically 
disadvantaged  women might be subject to undue inducement.  There 
was no similar concern for healthy volunteers asked to provide eggs 
for research  because  these  women did not receive compensation.

In countries where healthy volunteers  were paid for eggs used in 
reproduction, feminist scholars,  women activists, and allies argued 
against the practice of paying some  women but not  others solely on 
the basis of what the eggs would be used for. They insisted that the 
risks to  women egg providers are the same regardless of  whether the 
eggs are used for reproduction or research, and that nonpayment of 
some  women egg providers is a form of exploitation. In time, the 
practice of not paying for research eggs from healthy volunteers 
changed in  those jurisdictions that allowed payment or compensa-
tion for eggs.

In the IRB- approved consent forms for the research by Mitalipov 
and colleagues, healthy volunteers  were eligible for a total payment 
of $5,050—an amount consistent with outdated advice from the 
ethics committee of the American Society for Reproductive Medi-
cine (ASRM). ( Unless noted other wise, all currency in this chapter 
is in US dollars.) The 2007 ASRM guidelines on “financial compen-
sation of oocyte donors” suggested that financial compensation be 
 limited to $5,000. Payments in excess of this amount  were said to 
require justification, and payments of more than $10,000  were de-
scribed as inappropriate. In 2016, however, the ASRM changed its 
policy. This was in direct response to a lawsuit alleging illegal price 
fixing. The out- of- court settlement included an agreement to remove 
pricing language from its policy.

For the healthy  women volunteers in the Mitalipov study, the 
potential benefit of research participation was money, while the po-
tential harms  were the short-  and long- term physical and psycho-
logical risks associated with hormonal stimulation and egg retrieval. 
The research consent form included a schedule of events that 
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doubled as a payment schedule. For the initial screening appoint-
ment, which included the consent discussion, the  women would be 
paid $50. For the next three visits for ovarian suppression, the total 
remuneration was set at $300. On the first visit the  women would 
be paid $50, on the second visit they would not be paid, and on the 
last visit they would be paid $250.

Up to this point in the study, then, the  women research participants 
would have earned a total of $350, presumably for time and incon ve-
nience. Then the hard work of ovarian stimulation would begin. This 
is when the  women would receive drugs so that several eggs would 
mature at the same time (instead of the usual one egg per menstrual 
cycle). The hormonal injections  were to be self- administered over a 
period of ten to fourteen days, during which time  there would be a 
total of five office visits to monitor hormone levels and to check fol-
licle development. On the fifth office visit, the  women would receive 
$1,500 for having completed all five visits. If the  women experienced 
serious side effects from the ovarian stimulation, they could be re-
moved from the study or they might decide to drop out. In the research 
consent form, ovarian hyperstimulation syndrome (OHSS) was 
described as

a serious complication marked by chest and abdominal fluid 
buildup and cystic enlargement of the ovaries that can cause 
permanent injury and even death. According to one study, 
severe OHSS affects between 1 and 10  percent of donors de-
pending on the drug regimen used, although other studies show 
a lower incidence of the condition. Patients with OHSS may 
experience dehydration, blood clotting disorders, and kidney 
damage.

This description was followed by a list of potential side effects for 
each of the drugs used.

According to the research consent document that I reviewed, the 
women at risk of severe ovarian hyperstimulation syndrome who 
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did not complete the five visits  were not eligible for the $1,500; in 
the fee schedule the payments  were not prorated.  These  women 
would only receive the $350 for the initial screening appointment 
and the ovarian suppression. This can hardly be described as a fair 
benefit in relation to the physical and psychological harms they 
would have experienced.

If the  women completed the ovarian stimulation, the next step 
would be egg retrieval. For this part of the pro cess the  women  were 
to be paid $3,000, then a final payment of $200 for a follow-up visit. 
The  women who experienced no (or very few) physical and psycho-
logical harms as a result of the ovarian stimulation and egg retrieval 
would have a total financial benefit of $5,050. This contrasts mark-
edly with the situation for  those  women who experienced serious 
side effects as a result of the ovarian stimulation, who would have 
been entitled to as  little as $350. They would have experienced 
maximum physical harm and been compensated with minimum fi-
nancial benefit.

Typically, payment to egg providers is supposed to be for time, 
incon ve nience, discomfort, and health risks. It is not supposed to be 
payment for eggs. This standard is not reflected in the payment 
schedule for the vari ous research stages, where it appears that time, 
incon ve nience, discomfort, and health risks for hormonal stimula-
tion  were not properly compensated. The bulk of the payment 
($3,000) was for the  actual egg retrieval, which required less time 
and arguably involved less incon ve nience, discomfort, and health 
risks than did the ovarian stimulation. This suggests to me that the 
payment was for eggs as product, not for the  labor involved in pro-
ducing the eggs. In responding to this concern, the OHSU IRB wrote: 
“ovarian hyperstimulation syndrome occurs  after hCG [human 
chorionic gonadotropin] and egg retrieval, so participants would 
receive full compensation. We do not consider this to be a payment 
for eggs; the compensation is for the time, effort and discomfort 
associated with egg donation.” The prob lem with this response is 
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that it suggests an incomplete understanding of the concern about 
ovarian hyperstimulation syndrome. Typically,  women undergoing 
hormonal stimulation receive fertility hormones to induce ovulation 
and then receive a one- time injection of hCG (a dif fer ent hormone) to 
promote the final maturation of eggs prior to egg retrieval (usually 
thirty- six hours prior to egg retrieval). A competent fertility specialist 
would be looking at the number of follicles that had matured and 
if  there was concern for the  woman’s health, then the hCG trigger 
injection would not be given and the cycle could be canceled (there 
would be no egg retrieval).

The research consent form for the  women undergoing fertility 
treatment also had a prob lem: it did not include a payment schedule. 
 These  women  were treated as altruistic donors. The decision to pay 
healthy volunteers and not to pay  women undergoing fertility treat-
ment is unfair especially given that, in my view, the research consent 
form for healthy volunteers makes plain that payment was for goods 
(eggs), not ser vices (the  labor to produce the eggs). With this frame 
of reference, both the healthy volunteers and the  women undergoing 
fertility treatment  were egg providers equally entitled to compensa-
tion. If the payments had been for time, incon ve nience, discomfort, 
and the risks of hormonal stimulation and egg retrieval, the IRB 
might have determined that the  women fertility patients  were already 
investing the time and incurring the health risks in pursuit of their 
own reproductive proj ect and so they need not be financially com-
pensated. But if the payments  were in fact for eggs and not for the 
 labor of producing eggs, as I have explained, then  there is no differ-
ence between the two groups of  women egg providers. This ethical 
challenge speaks to a research design that privileges the research 
team’s interest in managing costs over the interests of the  women 
research participants for fair compensation. Interestingly, the moral 
imperative to treat like cases alike and the fiscal imperative to 
manage research costs would have meant no compensation for  either 
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group of  women (healthy volunteers or fertility patients). If there 
was no compensation, however,  there very likely would have been 
few eggs available for research  because the pro cess is both risky and 
onerous for participants. Hence, the decision on the part of the 
research team to pay some, but not all,  women.

Leaving aside for the moment the issue of fair compensation, 
 women fertility patients should never have been invited to provide 
eggs for research,  because  doing so would negatively affect their re-
productive proj ect. In a typical IVF treatment cycle, all eggs re-
trieved are exposed to sperm and  those that develop to the blasto-
cyst stage can  either be transferred in the hope of initiating a 
pregnancy or stored for the patient’s  later use. This treatment pro-
tocol is in the  women’s best interests relative to their goal of 
achieving a pregnancy. By inviting fertility patients to provide eggs 
for embryo research, the research team was effectively asking 
 women to reduce their chances of getting pregnant ( unless the only 
eggs donated for research  were defective). The title of the research 
consent form suggests other wise; it refers to discarded or excess 
materials from IVF and nowhere does it define “excess.”  Because 
giving away healthy eggs hardly seems like a rational choice for 
 women who are paying for fertility treatment, this raises serious 
questions about the quality of the informed consent pro cess.

Another problematic feature of the research design, as disclosed 
in the consent form, is that both the researchers and the clinicians 
 were to be involved in evaluating which eggs to use for reproduc-
tion and which eggs to use for research. The prob lem with this 
planned quality assessment is twofold. First, researchers looking for 
eggs for an in de pen dent research proj ect should never be involved 
in decision- making about the clinical use of eggs. This is a serious 
conflict of interest. Only physicians (not clinical embryologists or 
researchers) have a fiduciary responsibility to patients— a  legal and 
ethical responsibility to act in their patients’ best interests. Proper 
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exercise of this responsibility would not have patients decrease their 
chances of getting pregnant by giving away any of their healthy eggs. 
 Women fertility patients have nothing to lose and every thing to gain 
by keeping and fertilizing all of their eggs. Second, the decision to 
involve a member of the research team in assessing the quality of 
the eggs to be donated for research is confusing given the  limited 
predictive value of any such assessment. Again, this speaks to a re-
search design that privileges the interests of the research team in ob-
taining eggs for research—at no cost— over the interests of  women 
research participants in initiating a pregnancy. In responding to this 
concern, the OHSU IRB indicated that the consent form had been 
corrected to properly reflect that the assessment would be done by 
clinical embryologists who are completely separate from the research 
team. This correction leaves unanswered the fact that  there is no 
good reason for fertility patients who are paying for IVF to give 
away any of their healthy eggs.

Differential Access.  If safe and effective heritable  human genome 
editing  were available, the inability of all but a privileged few to 
access the potential benefits of this technology would be a signifi-
cant ethical issue. The concern is that unequal access would signifi-
cantly undermine equality of treatment and equality of opportu-
nity, which in turn could exacerbate inequities in the current health 
and social systems and perhaps lead to discrimination, stigmatization, 
and marginalization for persons with faulty genes and unmodified 
genomes.

In anticipation of potential prob lems that might arise as a result of 
differential access, the American Association for the Advancement of 
Science, in its 2000 report  Human Inheritable Ge ne tic Modifications, 
called for “just access to approved uses of IGM [inheritable ge ne tic 
modifications] for  those without the means to obtain them.” 
Though laudable, this call for just access to heritable genome ed-
iting is perplexing. What can this mean in a country that does not 
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provide just access to basic health care for all of its citizens? Is this 
but a crass effort at appeasement, since it  will be impossible (and 
according to some, not obligatory) to ensure just access to heritable 
 human genome editing?

More recently, the Nuffield Council on Bioethics in the United 
Kingdom, in its 2018 report Genome Editing and  Human Repro
duction, concluded that heritable  human genome editing “should be 
permitted only in circumstances in which it cannot reasonably be 
expected to produce or exacerbate social division or the unmitigated 
marginalization or disadvantage of groups within society.” In the 
United Kingdom, health care is publicly financed. If one presumes, 
as many have, that not having access to heritable genome editing 
would produce or exacerbate social division, then presumably the 
government would need to fund this to ensure that it was available 
and accessible to all who might benefit. Is this a reasonable expec-
tation? And if  future use of heritable genome editing is not  limited 
to health- related interventions, but also includes health- related pre-
ventive mea sures, then presumably  those who might reasonably 
benefit  will include “all of us.” Is this something a publicly funded 
health care system can afford?

Further, what if we think about the issue of just access outside the 
context of po liti cal bound aries or geo graph i cal borders? Imagine 
that  there is an approved, safe and effective, but very expensive, her-
itable  human genome editing intervention for β- thalassemia. Thou-
sands of infants are born each year with this inherited potentially 
fatal blood disorder, especially in Mediterranean countries, North 
Africa, the  Middle East, India, Central Asia, and Southeast Asia. 
What would it mean to ensure just access in this case, and who 
would be responsible for  doing so? Would it fall to the World Health 
Organ ization to pay for heritable  human genome editing for pro-
spective parents at risk of having  children with β- thalassemia? If so, 
how would member states share in this responsibility? The program 
bud get for the World Health Organ ization is currently funded 
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through a mix of dues from member countries and voluntary con-
tributions. Currently member contributions total less than 25  percent 
of the bud get.

From a completely dif fer ent perspective,  there are  those who 
maintain that the call for equitable access is naïve, unreasonable, or 
both, since unequal access is the norm for all health interventions 
and many other potential societal benefits. While this is undeniably 
true, it can be said that  there is an impor tant difference: differential 
access to heritable genome editing could potentially eliminate the 
prospect for ever overcoming economic and social disadvantage. 
Indeed, unequal access to this technology would seriously threaten 
the aspirational value “that we are all created equal.” Days before 
his death, Thomas Jefferson wrote the now famous aphorism “the 
mass of mankind has not been born with  saddles on their backs, 
nor a favored few booted and spurred, ready to  ride them legiti-
mately.” The truth of  these words turns on  whether wealthy and 
power ful elites are able to encode their privilege in their DNA 
and thereby entrench, and likely exacerbate, unfair class divisions 
and other social injustices.

Increased Discrimination, Stigmatization, and Marginalization. There 
are myriad ways in which social practices shape discriminatory at-
titudes and beliefs about which genes and traits are desirable and 
which are not. Consider, for example, the widespread routine use of 
prenatal testing for Down syndrome involving chorionic villus sam-
pling or amniocentesis, as well as the emerging use of non- invasive 
prenatal testing using cell- free DNA in maternal plasma. While  there 
is ample evidence that  children with Down syndrome and their 
families lead happy lives, most prospective parents who learn of a 
diagnosis of Down syndrome elect to terminate the pregnancy. As 
Chris Kaposy, a bioethicist at Memorial University in Newfoundland 
and the parent of a child with Down syndrome, argues, one of the 
reasons for the widespread, normalized use of prenatal testing and 
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selective abortion is entrenched discriminatory attitudes  toward 
 people with certain cognitive disabilities.  These attitudes are harmful 
to individuals living with Down syndrome  because they curtail their 
life opportunities— for example, their opportunities for friendship, 
employment, and intimate relationships. In addition, it can be ar-
gued that it is  these harmful attitudes—as well as biases about the 
relative values of intelligence and love— that inform the decision to 
terminate a pregnancy when  there is a diagnosis of Down syndrome. 
This, in turn, reinforces stigmas and biased attitudes, and increases 
intolerance for perceived imperfection (as if we  weren’t all imperfect), 
resulting in still greater marginalization of persons with cognitive 
disabilities.

In addition to the core prob lem of increased intolerance for  others, 
 there are pragmatic prob lems that follow from the cumulative ef-
fects of individuals choosing to terminate fetuses with cognitive dis-
abilities. When fewer  children are born with so- called undesirable 
genes and traits, life becomes harder for the  children who have them, 
and for their families. In addition to increased discrimination, stig-
matization, and marginalization,  there may be less access to needed 
resources such as health care and social ser vices.  There may also be 
fewer opportunities for  people to come together to advocate for 
change as the community in need of resources and opportunities 
shrinks. Prospective parents who look for  these supports and  can’t 
find them may then be inclined to avoid having  children with so- 
called undesirable genes and traits, perpetuating the cycle.

Just as the availability of prenatal testing and screening has influ-
enced personal and community attitudes and beliefs about which 
genes and traits are desirable and which are not, so too the avail-
ability of heritable  human genome editing could transform our at-
titudes and beliefs about which lives are worth living and which lives 
should be edited out of existence. In time, as  those with the condi-
tions that are being edited out dwindle in number, so too might 
the needed resources and opportunities.  Here I am reminded, and 
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so inclined to remind  others, of the sage commentary on the poten-
tial negative effects of  human genome editing on the Deaf commu-
nity by Teresa Blankmeyer Burke, who believes that any attempt to 
cure hereditary deafness would diminish the Deaf community’s 
numbers to the point that the entire culture would fade away. It is 
clear that access to needed resources very much depends on a flour-
ishing community, which in turn requires a significant number of 
members.

Blankmeyer Burke’s concern about the  future of the Deaf com-
munity is not a mere hy po thet i cal. Research published online in 
December 2017 (and in print January 2018) reported successfully 
using CRISPR to modify the TMC1 gene responsible for one type 
of hereditary deafness. At the time, the lead researcher, David Liu, a 
chemical biologist at the Broad Institute of MIT and Harvard, indi-
cated that he hoped to use CRISPR genome editing in  humans to 
treat ge ne tic deafness once the technology was proven safe and ef-
fective in animal models. In addition, correcting hereditary deafness 
in embryos using genome editing has been explic itly identified by 
at least one researcher in China, Yong Fan at Guangzhou Medical 
University, as a reasonable public health initiative for that country. 
All of which should make us won der: How might heritable  human 
genome editing distort our understanding of, and social commit-
ment to, tolerance, neighborliness, reciprocity, social solidarity, and 
community?

Ge ne tic Discrimination in Insurance.  The 2003 UNESCO Declara-
tion on  Human Ge ne tic Data recommends that identifiable ge ne tic 
information not be accessible to insurance companies, among  others. 
 Today, legislation in many jurisdictions prohibits access to such in-
formation by health insurance or life insurance companies. In a 
 future era of widely accessible, safe, and effective genome editing 
technologies, however, such legislation may not protect  people at 
high risk of ge ne tic illness from ge ne tic discrimination. This is 
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 because the focus of current legislation is on ge ne tic testing for risk 
assessment, not enhancement. It is one  thing to prohibit insurers 
from demanding access to ge ne tic test results that confirm a health 
risk, but quite another to prohibit consumers from volunteering in-
formation about health- related or non- health- related ge ne tic modi-
fications. If persons with enriched genomes willingly disclosed this 
information to insurance companies in exchange for lower pre-
miums, persons with unenhanced genomes (and possibly undesir-
able traits) could be at risk of ge ne tic discrimination, even if they 
disclose nothing.

Informed Choice.  A morally valid informed choice is a choice made 
by a competent person (or a substitute decision- maker in the case 
of an incompetent person) on the basis of adequate information and 
without controlling influences. In the context of healthcare and med-
ical research, this has been reframed with reference to five discrete 
ele ments. The first four ele ments are competence, disclosure, under-
standing, and voluntariness. Once  these ele ments have been satis-
fied, a fifth ele ment comes into play, which is when the person (or a 
substitute decision- maker) decides to authorize or to refuse what has 
been proposed and explained. When a decision is made to autho-
rize a healthcare or research intervention, typically a consent form 
is signed.

As for the requirements of disclosure and understanding, it is par-
ticularly impor tant that competent prospective research partici-
pants know and understand that they are participating in research, 
not receiving treatment. In addition, and at a minimum, they should 
know about the nature of the research (what  will happen), the prob-
ability of success, the potential benefits and harms, the alternatives, 
privacy protections, the right to withdraw, compensation, and any 
potential conflict of interest on the part of the research team.

A first question to consider with heritable  human genome editing 
research is whose consent is required in order to proceed. The potential 
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research participants include  those who provide the research mate-
rials (the germ cells or early stage embryos), the embryos themselves, 
and, if  there is a plan to initiate a pregnancy, the  women who would 
accept the embryo transfer. Depending on the research plan, the 
 women providing eggs and the  women accepting the embryo transfer 
could be the same  women.

Some have criticized heritable  human genome editing on the 
grounds that the embryos subject to ge ne tic modification would not 
have consented to this. This is a red herring; embryos do not con-
sent to anything that affects their inherited traits. For example, they 
 don’t consent to their biological  mother taking folic acid during 
pregnancy, which is potentially beneficial. They  don’t consent to their 
biological  father smoking or working in a toxic environment, which 
are potentially harmful. They  don’t consent to the age at which their 
biological parents choose to become parents, which has a significant 
impact on their  future health and well- being. And so on. Embryos 
 don’t consent to anything,  because they are not competent subjects 
capable of consent.

The consent of competent  women research participants, however, 
is of critical importance. At this time, we know very  little about the 
quality of consent forms or pro cesses for heritable  human genome 
editing, yet we already have the dramatic research outcome in No-
vember 2018 of twin girls born of genet ically modified embryos. As 
mentioned  earlier, this outcome is the result of research by Jiankui 
He, who at the time was a researcher at the Southern University of 
Science and Technology in Shenzhen, China, as well as chairman and 
founder of Direct Genomics.

When He presented his research at the 2018 International Summit 
meeting in Hong Kong, I watched online and was among  those live 
tweeting. I was struck by the nature and number of questions and 
comments put to He concerning the consent pro cess. He was asked 
if the person or persons who obtained consent to research partici-
pation  were trained in taking consent. He was asked for details re-
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garding the plan for long- term follow-up (which in his pre sen ta tion 
he indicated would continue to age eigh teen). He was asked to post 
the consent form or forms to bioRxiv . org (Bio Archive). I thought 
the comments  were mostly hostile and sanctimonious. In my expe-
rience, never before had scientists shown such keen interest in scru-
tinizing the consent forms or pro cesses used by researchers involved 
in  human germline genome editing. Then again, none of  these other 
researchers had used modified  human embryos for reproductive pur-
poses. Or had they?

In the fall of 2017, when I reviewed the research consent forms 
for egg retrieval for the Mitalipov study involving germline genome 
editing, I was surprised to read: “Study staff  will try to sync the 
timing of your egg donation with that of another study participant. 
You may be asked to start your study visits on a par tic u lar day in 
order to make this pos si ble.” Why, I wondered, do egg providers need 
to be synchronized with other research participants, and who are 
 these other participants? When I queried the OHSU IRB, which had 
approved the study, about this statement in the research consent 
form, I was assured that this paragraph was included in error and 
that  there  were no egg recipients. The letter to me from OHSU IRB, 
dated May 4, 2018, stated: “We confirm that in no case  will an em-
bryo be transferred to a recipient uterus for the purpose of estab-
lishing a pregnancy.” But how could such an error have been made? 
More to the point, what should we conclude about what the  women 
research participants did or did not understand if they signed a re-
search consent form that included this statement?

One scientist who has been critical of the consent form and pro-
cess used by Jiankui He is Matthew Porteus, a clinician researcher 
working on genome editing in  human hematopoietic stem cells. Por-
teus was a co- author of the 2017 US report  Human Genome Ed
iting and the 2018 Summit statement On  Human Genome Editing 
II. Porteus is among the American scientists who knew of the preg-
nancy involving gene-edited embryos and said nothing until the birth 
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was announced days before the 2018 International Summit meeting 
in Hong Kong. At this meeting, Porteus was one of two  people on 
stage asking questions of He  after his conference pre sen ta tion. In 
describing this experience to an audience at Stanford University, 
Porteus said,

I am an MD and I have consented  people to go on clinical  trials 
and as I said  we’re developing clinical  trials for CRISPR editing, 
and I know how in the US, . . .  how a consent form is reviewed 
by hundreds of  people. And I knew JK was a biophysicist and 
I knew . . .  that he had no training in this so I said, “Who wrote 
the consent form?,” “How many  people reviewed the consent 
form before you ever shared it with a patient?” And he said 
“four— four  people” . . .  And the audience gasped.

I am confident that many more than four  people reviewed the con-
sent form used in the study by Mitalipov (I doubt it was hundreds), 
yet it still had egregious errors. To my knowledge, no one has done 
an in de pen dent review of the quality of that consent form or any 
other consent form used to date by any of the scientists doing research 
on human germline genome editing. A further generic prob lem with 
consent to research participation, unwittingly showcased by Porteus 
in  these remarks, is reflected in his use of consent as a transitive verb. 
When inviting patients to participate in research, the goal should be 
to elicit an informed choice (a consent or a refusal), not to consent a 
person.

Returning to the research conducted by Jiankui He, we have been 
told that this proj ect involved seven  couples where the male partner 
was HIV infected and the female partner was not. Originally  there 
 were eight  couples, but one  couple withdrew. This suggests  there was 
the right to withdraw. According to the research consent form, how-
ever, the right to withdraw was  limited insofar as  after successful em-
bryo implantation any decision to withdraw would require repayment 
of all costs incurred by the research team and potentially a fine. 
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 These stipulations would surely have affected voluntariness— one 
of the key ele ments of informed choice. Voluntariness likely would 
also have been undermined by means of undue inducement. Research 
participants  were to receive  free IVF and associated medical costs. 
In China, HIV-positive persons are not allowed access to fertility 
treatment and even if they were, for many the cost would be prohibi-
tive. In addition to free fertility treatment, research participants 
were to be provided with a loss- of- work allowance, rent (two months 
hospital stay— a month before and a month  after birth), supportive 
care (nursing), a daily allowance, cost of abortion if necessary, and 
insurance for any offspring. The total value of this package, as cal-
culated by the research team, was 280,000RBM (approximately 
$42,000).

What about disclosure— another key ele ment of informed choice? 
The research goal was for  these  couples to have genet ically related 
 children with re sis tance to HIV infection. Did the  couples considering 
research participation understand this? I have reviewed an En glish 
copy of the “Informed Consent” form (version “Female 3.0”) that 
was supposedly given in Chinese to the prospective  women research 
participants. The opening sentence describes the research as a “AIDS 
vaccine development proj ect.” Further down this page (following a 
brief, dense section on methods), it is stipulated that “this technique 
may be able to produce an IVF baby naturally immunized against 
AIDS.” Still on the first page, the technical objective is described as 
“to produce infants who have the ability to immunize against HIV-1 
virus.” This content suggests that the prospective  women research 
participants (identified as volunteers in the form) could reasonably 
be expected to have known that they  were participating in research, 
and to have understood the overarching research goal.

But what about the other disclosure requirements: information 
about the nature of the research, the probability of success, the po-
tential benefits and harms, the alternatives, privacy protections, the 
right to withdraw, compensation, and any potential conflict of 
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interest on the part of the research team? Information about the 
genome editing aspects of the research was  limited and highly 
technical; it would not have been easily understood by research 
participants. As for the probability of success, the consent form in-
cluded the following statement, “This research proj ect  will likely 
help you produce HIV- resistant infants”— arguably a dubious and 
misleading claim. Further, the consent form included incomplete in-
formation about the potential benefits and harms, no information 
about alternatives, some information about privacy, inappropriate 
(potentially coercive) information about the right to withdraw, lots 
of information about compensation, and no information about con-
flict of interest. On the basis of  these and other limitations, the eth-
ical validity of the  women’s consent to participate in the CRISPR 
genome editing research is highly questionable.

Opportunity Costs.  Time, talent, and trea sure are currently being 
invested in research on germline  human genome editing. While I 
 don’t know the total global financial investment at this time, I ex-
pect it is significant. Some of this financial investment is from the 
private sector, some of it is from governments (tax dollars), and some 
of it is from philanthropic or other funders. Meanwhile, at this time, 
 there is no commitment on the part of any government or organ-
ization to pay for the delivery of heritable  human genome editing 
technology (for health- related or non- health- related purposes) 
should it ever be proven safe, effective, and appropriate for use. 
For this reason, it is widely anticipated that only a very few  people 
might ever benefit from  future heritable  human genome editing. 
This situation compels us to think about the opportunity costs of 
investing significant resources in science and technology to benefit 
a very few who might one day be able to purchase this luxury. What 
other valuable research is not being done as a result of this invest-
ment? What other priorities— such as research into food security, 
environmental degradation, and global climate change— are  going 
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unmet? Or, more narrowly, what other medical needs are being 
underfunded?

Some have argued that this reasoning conflicts with current prac-
tice in orphan- disease research, where resources are expended to 
develop gene therapies for single gene disorders. Moreover, it is said 
that the rarity of a condition should never make us abandon, or 
decline to initiate, efforts to help. This is true, but it does not 
squarely address the issue of opportunity costs, which is not an ar-
gument to abandon  people but rather an argument to use  limited 
resources wisely. The Glybera story detailed in Chapter 2 is a cau-
tionary tale. The disorder helped by this gene therapy was so rare 
and the cost of treatment so high that the treatment is no longer 
available.

Embryo Research.  Empirical studies suggest that  there is signifi-
cant support for genome editing research to prevent serious ge ne tic 
disease in newborns, but considerably less support if this research 
involves  human embryos. Consider, for example, the results of the 
2018 Pew Research Center survey involving 2,537 adults. This survey 
focused on gene editing in “unborn babies,” leaving ambiguous 
 whether the gene editing would involve embryos (germline genome 
editing) or fetuses (somatic cell genome editing).

Within the constraints of the survey, 72  percent of respondents 
(76  percent of the men and 68  percent of the  women), endorsed 
changing an unborn baby’s genes to “treat a serious disease / condi-
tion the baby would have at birth,” and 60  percent of respondents 
(65  percent of the men and 54  percent of the  women) endorsed 
changing an unborn baby’s genes to “reduce the risk of a serious 
disease that could occur over their lifetime.” The gender differences 
in the survey responses are impor tant since it is the  women who 
would undergo IVF and experience pregnancy. Depending on the cir-
cumstances, the  women would also be the ones to experience mis-
carriage, abortion, or giving birth.
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The survey also confirmed a clear lack of support for research 
involving  human embryos. Only 33   percent of respondents 
(43  percent of the men and 24  percent of the  women) endorsed gene 
editing if it required testing on  human embryos, while 65  percent 
said this would be taking the technology too far. This finding was 
consistent with an  earlier finding from a 2016 Pew Research Center 
survey. When asked if gene editing would be more or less accept-
able if it involved embryo research, 54  percent said this would make 
it “less acceptable,” 11   percent answered “more acceptable,” and 
32  percent said “no difference.”

This divergence of opinion— support for genome editing research 
to prevent serious disease in unborn babies, but not so much if this 
involves embryo research— can be explained in one of two ways. 
One possibility is that the survey respondents did not understand 
that  human embryo research was the likely means to the ends they 
 were endorsing. Another possibility is that the survey respondents 
wanted the research community to develop means that would not 
involve embryo research.

Interestingly, something similar happened in the United States with 
the debate on  human embryonic stem cell research. Many who 
wanted the promised stem cell cures for Parkinson’s disease, spinal 
cord injuries, diabetes, and a range of other health conditions did 
not support  human embryonic stem cell research  because it involved 
the destruction of  human embryos. In 2001, President George W. 
Bush issued a federal funding moratorium on  human embryonic 
stem cell research and encouraged scientists to develop alternative 
effective means to achieving stem cell cures. Years  later, scientists suc-
ceeded in reprogramming adult cells to behave like embryonic stem 
cells, thereby potentially avoiding (or at the very least diminishing) 
the need for embryonic stem cell research. It is pos si ble that some 
of the survey respondents on  human genome editing remembered 
this history. Or maybe some of the survey respondents, unaware of 
this history, just happened to hold similar views about  human em-
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bryo research and wanted researchers to find other ways to achieve 
 these breakthroughs. For many, the moral status of the  human em-
bryo from the “moment of conception,” and the dignity of  human 
life, remain significant ethical concerns.

Scientists who engage in  human embryo research do not share 
 these concerns; in their view, the developing  human embryo does 
not have the same moral status as a person. They emphasize the 
continuity of biological development and point to the widely ac-
cepted fourteen- day limit on research involving  human embryos. 
From their perspective, the  human embryo may be due profound 
re spect, but this re spect does not include the right to life from con-
ception onward. Fourteen days is a relevant moral demarcation line 
 because  until this point in time the human embryo does not have a 
primitive streak, the precursor to the ner vous system and the brain. 
It is said that what grants us our moral status is our unique combi-
nation of sophisticated intellectual and emotional capacities, as 
well as our capacity for suffering and conscious experience.  Until 
the human embryo has these capacities it does not have the status 
of protectable  human life. Another argument for the fourteen- day 
limit has to do with the phenomena of twinning and recombina-
tion. Twinning is what happens when, prior to fourteen days, one 
embryo divides to make identical twins (or conjoined twins if the 
separation is incomplete). Recombination is what happens when, 
prior to fourteen days, two embryos combine to make a single chi-
meric organism (for example, a fetus in fetu). From this perspective, 
until human embryos become unique individual beings, they do not 
have the same moral status as persons.

Notwithstanding  these complementary beliefs about the moral 
status of developing human embryos, scientists  will use nonviable 
 human embryos for their research, when pos si ble, so as not to un-
necessarily offend  others. Nonviable  human embryos are embryos 
with no intrinsic potential for ongoing development  because of a 
ge ne tic or metabolic disorder.  These embryos cannot develop into 
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fetuses, so they  will not be used for reproduction. They can simply 
be discarded, or they can be used for research or instruction before 
they are discarded. The first reported use of CRISPR genome editing 
in  human embryos, in 2015, used nonviable embryos— tripronuclear 
embryos to be precise, where the eggs had been fertilized by two 
sperm instead of one.

Threat to Our Common Heritage.  The United Nations, the  Human 
Genome Organ ization, and the Council of Eu rope all identify the 
 human genome as part of our common heritage. Article 1 of the 
1997 Universal Declaration on the  Human Genome and  Human 
Rights, by the UN Educational, Scientific and Cultural Organ ization 
(UNESCO), stipulates that “the  human genome underlies the fun-
damental unity of all members of the  human  family, as well as the 
recognition of the inherent dignity and diversity of each of its mem-
bers. In a symbolic sense, it is the heritage of humanity.” The first of 
the four princi ples listed in the 1996  Human Genome Organ ization 
Statement on the Principled Conduct of Ge ne tic Research is “recog-
nition that the  human genome is part of the common heritage of 
humanity.” And the 1997 Oviedo Convention refers to the  human 
genome as humanity’s ge ne tic heritage in its statement on non- 
discrimination: “Any form of discrimination against a person on 
grounds of his or her ge ne tic heritage is prohibited.” As well, in some 
countries, France for example, the  human genome is said to repre-
sent humanity’s common heritage (patrimoine génétique).

While  there are many plausible interpretations of the claim that 
the  human genome is part of our common heritage, I believe it 
affirms, at minimum, that we have a shared interest in “protecting” 
the  human genome for the benefit of humankind. Some interpret this 
to mean that the  human genome is owned by all.  Others insist that 
no one owns the  human genome—it is a public resource and we all 
have a shared responsibility to manage it for the benefit of every one. 
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In turn, this responsibility imposes a duty on the international com-
munity to cooperate in developing fair and just policies that incor-
porate broad public input.

Transgression of Divine or Natu ral Laws.  While some maintain that 
it is in our nature to better ourselves and that heritable  human ge-
nome editing is a suitable means to this end,  others insist that  there 
are divine or natu ral bound aries that should not be crossed. Adher-
ents to vari ous religious traditions like Chris tian ity, Judaism, and 
Islam believe that  human life is divinely ordained, which is to say 
that the  human genome is of divine origin. Attempts by  humans 
to take over the  human evolutionary story, then, are perceived as 
misguided attempts at “playing God.” In the 2016 Pew Research 
Center survey, 30  percent of respondents said that  human gene ed-
iting was morally unacceptable. Among this subset of respondents, 
34   percent said that this would involve altering “God’s plan”— 
“God is the Creator. Messing with the DNA is crossing the line.” 
“We  shouldn’t be ‘editing’ what God has created to be perfect in its 
own way.”

For some, nature is sacred. In this same 2016 survey, 26  percent 
of  those who found  human gene editing morally unacceptable said 
this would “involve disrupting nature, crossing a line we should not 
cross”: “It’s messing with nature. Nothing good can come from 
that.” “Once we begin gene editing babies, where does it end?” From 
this perspective, heritable  human genome editing is unnatural 
 because it upsets the natu ral course of events. The ideal  human ge-
nome has evolved over time, and it is not for  humans to tinker with 
what nature has perfected. To quote from the President’s Council 
on Bioethics report Beyond Therapy,

A common, man- on- the- street reaction to the prospects of bio-
technological engineering beyond therapy is the complaint of 
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“man playing God.” If properly unpacked, this worry is in fact 
shared by  people holding vari ous theological beliefs and by 
 people holding none at all. Sometimes the charge means the 
sheer prideful presumption of trying to alter what God has or-
dained or nature has produced, or what should, for what ever 
reason, not be fiddled with. Sometimes the charge means not 
so much usurping God- like powers but  doing so in the absence 
of God- like knowledge: the mere playing at being God, the hu-
bris of acting with insufficient wisdom.

More recently, in 2015, Francis Collins, director of the NIH, 
stated, “Evolution has been working  toward optimizing the  human 
genome for 3.85 billion years. Do we  really think that some small 
group of  human genome tinkerers could do better without all sorts 
of unintended consequences?”

In addition to concerns about hubris are worries that we might 
harm our ge ne tic heritage unintentionally due to our  limited under-
standing. To quote the President’s Council again, “The  human body 
and mind, highly complex and delicately balanced as a result of eons 
of gradual and exacting evolution, are almost certainly at risk from 
ill- considered attempts at ‘improvement.’ ”  There is “no  simple one- 
to- one correspondence between genes and traits (or even proteins), 
for a variety of genes interact in complex ways in development, and 
relationships between genes and phenotypic traits are many- to- 
many.” Genes (or more specifically the proteins they encode) func-
tion differently in dif fer ent  people— even in dif fer ent organs of the 
same person. Moreover, a gene may have multiple effects. Consider 
the gene that  causes sickle cell anemia. Persons who inherit two 
copies of the sickle cell variant of the hemoglobin gene have sickle 
cell anemia, a blood disorder that affects the red blood cells that 
carry oxygen and nutrients throughout the body. Persons with only 
one copy of the sickle cell gene, however, are resistant to malaria 
parasites. Given our  limited knowledge of how genes function, it 
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seems reasonable to worry that fiddling with our genes  will result 
in unanticipated harms.

• • •

According to the 2018 Pew Research Center survey, a majority of 
Americans (58   percent) believed that heritable  human genome 
editing technology would very likely result in increased in equality. 
Almost as many Americans (54  percent) anticipated that heritable 
 human genome editing would be used in morally unacceptable ways. 
And just slightly less than a majority of Americans (46  percent) 
expected that heritable  human genome editing would be introduced 
before the potential health risks are fully understood. Notwith-
standing  these anticipated harmful consequences, 52 percent of 
Americans expected that heritable  human genome editing would 
be available within the next fifty years. If  people can readily see at 
least some of the serious potential harmful consequences of heri-
table  human genome editing, why did so many believe that the 
development and use of this technology are inevitable? One rea-
sonable hypothesis is a failure of imagination on the part of survey 
respondents, fostered in part by the ways in which the survey was 
structured and the content was streamlined. Another reasonable 
hypothesis is that like Craig Venter, the American biotechnologist 
who led the private- sector effort to map the  human genome, survey 
respondents believed that “our species  will stop at nothing to try 
to improve positive perceived traits and to eliminate disease risk or 
to remove perceived negative traits from the  future offspring, partic-
ularly by  those with the means or access to editing and reproductive 
technology.”

Years ago, Jason Scott Robert, a philosopher of biology and a 
bioethicist, and I wrote about the inevitability of ge ne tic enhance-
ment technologies. In summary fashion we described our world as 
“a cap i tal ist, heedlessly liberal, curiosity- driven, competition- infused 
world.” We then explained that in this world, we champion (or 
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tolerate, depending on your perspective) unbridled capitalism 
and vapid consumerism. If  there is a buyer and the potential for 
profit,  there  will be a seller. Second, in this world, consistent with 
the Western paradigm of individual  free choice, competent adults 
can make contracts as they wish. If someone wants something and 
has the means to pay for it, no one should stand in the way. Third, 
in this world, freedom of inquiry is a defense of any and all re-
search. Fourth, and fi nally, in this world competition and success 
are celebrated in equal measure— “if it can be done, it  will be done, 
and so we should do it first.” In this world, then, heritable  human 
genome editing is inevitable. All that need be added is a belief that 
it is reasonable for us to want to control the  human evolutionary 
story and shape our own destiny. One who expounds just such a 
belief is John Harris. He proposes “both the wisdom and the neces-
sity of intervening in what has been called the natu ral lottery of life, 
to improve  things by taking control of evolution and our  future 
development to the point, and indeed beyond the point, where we 
 humans  will have changed, perhaps into a new, and certainly into a 
better species altogether.”

At this pivotal time in our existence, when  there is reason to be-
lieve that scientists  will soon be able to change our evolutionary 
path, how should we, as global citizens, understand the options be-
fore us and what should we choose? This question reminds me that 
sometimes technology subverts the very purpose it was intended to 
serve— for example, when someone becomes ill due to a hospital 
stay. Phi los o pher and priest Ivan Illich termed this “paradoxical 
counter- productivity.” In explaining this concept, phi los o pher Barry 
Allen wrote:

Automobiles and highways are supposed to make  people more 
mobile, but the system turns counterproductive when traffic 
jams and fuel shortages immobilize us. More hospitals, physi-
cians, and health insurance are supposed to make us healthier, 
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yet  those systems also turn counterproductive when iatrogenic 
sickness . . .  comes to rival morbidity caused by automobile and 
industrial accidents.

Heritable  human genome editing may contribute to  human 
flourishing— but just as plausibly, it may not. In par tic u lar,  there is 
reason to think that elective enhancements may not make our lives 
“better than well.” Consider, for example, the use of heritable  human 
genome editing to increase height. Initially, this might result in soci-
etal and economic advantages for select individuals— for example, 
 those hoping for a  career in basketball. But if this select group of 
individuals  were to keep increasing their height in an effort to main-
tain their positional advantage vis- à- vis each other, significant soci-
etal disadvantage might be the ultimate result. As the phi los o pher 
Dan Brock once noted,  there are height limits beyond which being 
tall would be disadvantageous. He suggested that “to be nine feet tall 
would on balance be harmful in nearly any  human society  because 
our social world is constructed for persons whose height rarely 
reaches beyond seven feet. One would literally become, in a physical 
re spect, unfit for  human com pany.”

From another perspective, it is worth reflecting on the social dis-
ruption that might result from genome editing to change the aging 
pro cess and extend life. What if a select few  were able to increase 
their average lifespan to 150 years or so? This would seriously un-
dermine many of our current social institutions and practices. Con-
sider, for example, employment and retirement. Should individuals 
who are expected to live to 150 be expected to retire at around age 
sixty- five? Consider marriage, civil  unions, or other long- term living 
arrangements legally recognized as marriage. What might it mean 
to promise one’s partner some version of “to have and to hold . . .  
for better, for worse, for richer, for poorer, in sickness and in 
health . . .  till death do us part” if one expects to live to 150? Instead 
of assuming at the outset that such  unions would last a lifetime, 
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would  these individuals plan for serial, time- limited, cohabitation 
agreements? And what about family- making? As we keep devel-
oping new technologies to address age- related infertility, would it 
be reasonable for  couples with extended lifespans to have  children in 
their eighties? Would second, third, and fourth families become the 
norm for some, with  children being born into each of  these families?

Staunch advocates of heritable genome editing enjoin us to see the 
benefits of this technology. Opponents draw our attention to the 
myriad potential harms and caution us against the exercise of hubris. 
 Others underscore the importance of public dialogue and seek to 
position themselves as knowledgeable contributors to this dialogue. 
Before I critically examine pos si ble roles for science experts and 
ethics experts in policymaking, a few words about slow science.
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In 2010, the Slow Science Acad emy in Berlin published “The Slow 
Science Manifesto.” With audacity, it declares:

We are scientists. We  don’t blog. We  don’t twitter. We take our 
time . . .

Science needs time to think. Science needs time to read, and 
time to fail. Science does not always know what it might be at 
right now. Science develops unsteadily, with jerky moves and 
unpredictable leaps forward—at the same time, however, it 
creeps about on a very slow time scale, for which  there must be 
room and to which justice must be done.

As interpreted by Rebecca Rosen, the “Slow Science Manifesto” im-
plores “researchers to slow down, take time away from the com-
puter, and spend their hours thinking about the big questions.”

Not long  after the manifesto was published, Isabelle Stengers, a 
Belgian phi los o pher of science, published Une autre science est pos
si ble! (2013)— translated as Another Science Is Pos si ble. In this book, 
Stengers worries about the increasingly competitive nature of sci-
ence, the privatization of science, and the drive to generate fast 

7
Slow Science
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facts to satisfy the knowledge economy. She is concerned, too, with 
how commercial interests shape the research agenda, sometimes in 
ways that interfere with science in the public interest.

Neither Stengers, nor the members of the Slow Science Acad emy, 
deny the potential benefits of fast science. To quote from the mani-
festo, “ Don’t get us wrong—we do say yes to the accelerated sci-
ence of the early 21st  century. We say yes to the constant flow of 
peer- review journal publications and their impact; we say yes to sci-
ence blogs and media & PR necessities; we say yes to increasing 
specialization and diversification in all disciplines. We also say yes 
to research feeding back into health care and  future prosperity.” 
What Stengers and other advocates of slow science want is for sci-
ence and scientists to make socially relevant contributions, which 
may or may not be contributions to the knowledge economy. In their 
view, socially relevant science can happen only if scientists are able 
to take the time required to consult, to deliberate, to question, to in-
vestigate, to interpret, and to respond. As Stengers’s translator, Stephen 
Muecke, writes, “Stengers says that in order for the work of scientists 
to be relevant, they have to negotiate with a broader public and re-
spect their questions.  Things like: Why are you  doing this work? What 
 will it be used for?” In turn, “the public might have to be prepared to 
wait for an answer,  because the scientists are ‘still working on it.’ ”

From this perspective, slow science can usefully be interpreted as 
a call for social justice in its demand for time enough to ask and 
answer big questions, such as “How  will this science improve the 
 human condition?” as well as less ambitious questions like “What 
can this science be used for?” Whereas distributive justice is con-
cerned with the fair distribution of the benefits and burdens of re-
search, social justice is concerned with fair and just relations in 
setting the research agenda and in conducting the research. The over-
arching goal of social justice is to promote (and not worsen) fair and 
just relations in society. In my estimation, slow science enjoins sci-
entists, the scientific community, and indeed, all of us to reflect care-
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fully and critically on both the means of science— exciting new ideas 
and possibilities— and its ends, that is, new knowledge to improve 
the world in which we live.

• • •

Slow science builds on the princi ples of the slow food movement of 
the 1980s. This movement evolved in reaction to the fast- food life-
style of Western countries where speed and quantity  were celebrated 
as the defining characteristics of good (enough) food. Proponents of 
the slow food movement insisted that speed and quantity  were not 
markers of good food, and more specifically that quality— defined 
by nutritional value and taste— was more impor tant than quantity. 
 Today, the movement’s primary aims are to resist agribusiness and 
to support small- scale producers. This involves promoting food (and 
wine) culture, defending biodiversity, caring for “the  people, tradi-
tions, plants, animals, fertile soils and  waters that produce our food,” 
and inspiring “a transformation in food policy, production practices 
and market forces so that they ensure equity, sustainability and 
plea sure in the food we eat.” Similarly, the slow science movement 
aims to contest fast science and, at the same time, to inspire a trans-
formation in science policy and practices so that they ensure equity, 
sustainability, and general well- being.

Slow science, then, challenges the dominant culture of speed in 
science— a culture largely fueled by personal and commercial interests. 
In academia, professional success for scientists largely depends on the 
number of publications, citations, research dollars, and patents— the 
more the better. In business, commercial success depends on the ability 
to generate “fast facts” that can be monetized for quick profits. Pres-
sures to meet  these metrics explain the rise in fraudulent publica-
tions, the growing number of predatory journals and conferences, 
and the increased number of post- market safety prob lems resulting 
in boxed warnings, safety alerts, and the withdrawal of drugs and 
biologics.
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The overarching risk with fast science, as identified by Stengers, 
is that “claimed ‘facts’  will accumulate at full speed but nobody  will 
 really know what is meant by a ‘fact’ any longer.” This is  because of 
prob lems with the quality and reliability of “fast facts,” which are 
often the subject of media reports and communications spin. Prob-
lems related to quality and reliability can occur  because of poor re-
search design, error, cognitive bias (sometimes called motivated rea-
soning), fraud, or inadequate regulatory oversight and governance. 
In part, this explains why some published findings, especially  those 
echoed in the media, are  later refuted, if false, or revised, if 
exaggerated.

Slow science invites scientists and the scientific community to 
think deeply about how their time and talent might help achieve so-
cietal rather than commercial goals— and to assess critically the ex-
pectation that scientists develop, produce, advertise, and embrace 
science and technology as the means to personal and commercial suc-
cess.  Here the question of interest is “What should be the goals and 
objectives of science?” Slow science encourages reflection on research 
policies and practices (competition and secrecy, for example) to deter-
mine  whether they promote the common good, and if so, how.

In very general terms, the common good attends to the welfare in-
terests of every one as part of the collective, not just the welfare 
interests of a par tic u lar community, nation, racial or ethnic cluster, 
socioeconomic group, and so on. The common good is about shared 
interests such as health and safety that are essential for both survival 
and general well- being. Most importantly, with the common good 
 there is no “us and them” (with “them,” for example, being the 
scientists);  there is only “all of us.”

The common good, then, is what all of us, and our descendants, 
have a common interest in. This common interest includes global 
public goods for which we share responsibility and from which we 
derive collective benefit. Traditionally,  these public goods have in-
cluded material resources required for the preservation of life for 
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pre sent and  future generations, such as air and  water, as well as 
intangible benefits such as sunlight, peace, order, security, and public 
safety. Recently, the  human genome has been added to the list. As 
affirmed by Bartha Maria Knoppers, a Canadian  lawyer who works 
at the intersection of law, policy, and ethics, and a past chair of the 
 Human Genome Organ ization Ethics Committee (now called the 
Committee on Ethics, Law and Society),

At the international level,  there is increasing recognition and 
confirmation that, at the level of species, the  human genome is 
the common heritage of humanity . . .  The notion of “common 
heritage of humanity” means that, at the collective level of the 
 human genome, like outer space and the sea, no individual ex-
clusive appropriation is pos si ble by nation states. Other char-
acteristics of this approach include peaceful and responsible in-
ternational stewardship or custodianship with a view to  future 
generations as well as equitable access by all.

Relative to the goal of promoting the common good, which includes 
a shared interest in the  human genome, slow science invites us to 
think about what responsible stewardship and equitable access mean 
in relation to the proj ect of modifying the  human genome. Can ge-
nome editing be undertaken for the benefit of us all?

• • •

Fast science is a heuristic for science driven by personal and com-
mercial interests. It’s said that “the mantra in Silicon Valley is move 
fast, break  things.” Fast science is not just about science; it is also 
about the business of science in terms of  career advancement, as 
well as the marketability and profitability of any “products” that 
result.

Fast science encourages us to think about science as a sprint (a 
short quick race), and if not a sprint, then a marathon with hurdles. 
But  these meta phors  don’t capture the truth of science as it is 
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practiced  today. Science  today is more like competitive orienteering, 
where the runners have to maneuver around obstacles while navi-
gating difficult and unmarked terrain. Along the way, choices have 
to be made— take the shorter distance with hills, streams, marshes, 
boulders, ditches, fences, and wildebeests, or take the longer winding 
road with fewer obstacles— all the while keeping in mind the over-
arching goal of winning the race. The only difference is that unlike 
orienteering, with science  there is no map and no compass.

Notably,  these racing meta phors all portray science as a competi-
tive endeavor where speed is prized. But what if good science was 
instead a collaborative endeavor with a common goal— the good of 
society? What if good science involved sharing knowledge, and using 
that shared knowledge to develop a global roadmap for research 
aimed at improving the world we live in? What if good science was 
science that rewarded engaged participation in the design of research 
that would yield fruitful results for us all? For  those who genuinely 
believe that scientific pro gress is made pos si ble by competition,  these 
“what ifs” are the epitome of naïveté.

Fast science has flourished in the late twentieth and early twenty- 
first centuries, when competitive science grew and government 
funding for science fell. In response to the drop in government 
funding, some have sought to subsidize scientific research through 
variously structured public- private partnerships. Some of  these part-
nerships involve the transfer of tax dollars—in the form of research 
grants and salary awards—to publicly funded but increasingly cor-
poratized universities. In some of  these cases, industry partners are 
 there from the beginning. In  others, they jump on board when op-
portunities for commercialization are clearly on the horizon. In  these 
situations, research discoveries are commercialized by industry 
with no, or very little, direct return on investment for the taxpayers 
who provided the initial venture capital.

 Today, fast science is a competitive industry in which the stake-
holders very much care about who owns, and who can profit from, 
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new knowledge. This is especially obvious in the realm of health 
care. For example, in princi ple, the phar ma ceu ti cal industry exists 
to benefit current and  future patients. In practice, however, it often 
appears as if this industry exists first and foremost to make money 
for com pany  owners and shareholders, and only secondarily to help 
patients. This perception is informed by current practices that foster 
competition when collaboration could more effectively contribute 
to the timely production, accumulation, and translation of new 
knowledge.

Knowledge translation in health care is supposed to facilitate the 
dissemination and exchange of knowledge to improve health care 
ser vices and products. Current practice, however, is to produce and 
accumulate knowledge in the public sector, then transfer it to the 
private sector where it can be commodified and then resold to 
the public for a profit. With the normalization of this practice, aca-
demic scientists are now preconditioned to think and act in ways 
that promote competitive, commercial advantage for themselves, their 
universities, and private corporations. While concerns about the 
owner ship of intellectual property are especially obvious in the 
phar ma ceu ti cal industry, they are also increasingly evident in aca-
demic laboratories. For example, some universities now offer grants 
to faculty members and postdoctoral fellows in exchange for a share 
of any  future patents. In this way, they hope to benefit financially 
from knowledge generated on their campuses.

• • •

In health care, the path from bench to bedside is long and sometimes 
arduous. For example, in the United States, it takes an average of 
twelve years for a new drug and seven years for a new device to get 
to market; this is the time it takes to move from pre- clinical testing 
to clinical use. With heritable  human genome editing, however, the 
science moved much more quickly— from proof- of- principle in a 
laboratory in 2015 to the birth of twin girls in 2018.
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In the spring of 2015, Junjiu Huang and his colleagues at Sun Yat-
 sen University in Guangzhou published their research describing 
the first- in- human use of CRISPR genome editing technology in early 
stage, nonviable embryos— embryos, that for biological reasons, are 
unable to develop into a new organism. The research involved a total 
of eighty- six nonviable embryos. The objective was to correct a mu-
tation in the HBB gene that  causes β- thalassemia. The manuscript 
detailing the research was submitted to Protein & Cell on March 30, 
2015, having previously been rejected by the high- profile journals 
Nature and Science. It was accepted for publication April 1, 2015 
(two days  after submission), published online April 18, 2015, and 
appeared in print in the May issue of the journal. To say the least, 
two days from submission to ac cep tance, and two and a half weeks 
from ac cep tance to online publication, is extraordinarily quick. Yet 
the May editorial for the journal claimed that the decision to pub-
lish the article had been made “with extraordinary care, consider-
ation and deliberation.”

A year  later,  there was a second publication on germline genome 
editing in nonviable  human embryos by a dif fer ent research team in 
China. This research involved 213 nonviable embryos and the target 
was the CCR5Δ32 allele that is relevant to HIV re sis tance. The re-
searchers confirmed a number of significant technical hurdles with 
their research. They nonetheless anticipated a  future in which ge-
nome editing would be refined and used in tandem with IVF to create 
genet ically modified  humans. They cautioned against this use of the 
technology and explic itly noted the need for “immediate attention” 
to its regulation. Despite this warning, in less than two years what 
 these researchers had explic itly foreseen, and cautioned against, 
would come to pass.

Sunday eve ning, November 25, 2018, in North Amer i ca (Monday 
morning, November 26, 2018, in Hong Kong), Antonio Regalado 
broke the news that China was engaged in “a daring effort” to make 
the world’s first CRISPR babies. A few hours  later, on November 26, 
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2018, in North Amer i ca, Marilynn Marchione of the Associated 
Press reported that  these daring efforts had indeed resulted in the 
birth of twin girls, Lulu and Nana, whose genomes had been modi-
fied to provide them with re sis tance to HIV infection. The Associ-
ated Press had been interviewing and filming lead researcher Jiankui 
He. That same day, He released a series of promotional videos on 
YouTube explaining what he had done and confirming that twin girls 
with modified genomes “came crying into this world as healthy as any 
other babies a few weeks ago.” Months later it was reported that the 
twins were born prematurely in October 2018 by emergency cae-
sarean section and that they were hospitalized for several weeks. To 
this day  there is no peer- reviewed science publication that explains the 
research, and  there may never be one. All of this happened just days 
before the Second International Summit on  Human Genome Editing 
in Hong Kong was scheduled to begin, on November 27, 2018.

So what exactly happened between the spring of 2015, when the 
research on nonviable  human embryos was published, and the fall 
of 2018, when the world’s first  human genome- edited babies  were 
born? The short answer is that in the interim, fast science and its ally 
fast ethics effectively succeeded in sidelining the question of  whether 
heritable  human genome editing research should be allowed, by 
shunning all talk of a moratorium. Now for the long answer.

• • •

In response to the April / May 2015 publication by Huang and col-
leagues detailing the first ever use of CRISPR technology to edit the 
genomes of nonviable  human embryos, the US National Acad emy 
of Sciences and National Acad emy of Medicine acted with unusual 
speed to convene an International Summit on  Human Gene Editing. 
The meeting, held in December 2015, was co- hosted by the two US 
National Academies, the Royal Society of the United Kingdom and 
the Chinese Acad emy of Sciences. The three- day meeting was at-
tended by some five hundred  people from twenty countries, with an 
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additional three thousand  people from seventy- one countries 
watching online. At the end, the summit’s twelve- person organ izing 
committee— which was dominated by scientists (ten of twelve mem-
bers) and men (nine of twelve members)— issued a formal state-
ment titled On  Human Gene Editing. With re spect to heritable 
 human genome editing, the organ izing committee affirmed:

It would be irresponsible to proceed with any clinical use of 
germline editing  unless and  until: (i) the relevant safety and ef-
ficacy issues have been resolved, based on an appropriate un-
derstanding and balancing of risks, potential benefits, and al-
ternatives, and (ii)  there is broad societal consensus about the 
appropriateness of the proposed application.

In this way, the organ izing committee of the 2015 Summit, of 
which I was a member, introduced an elegant two- part ethics 
framework for pos si ble  future research involving heritable  human 
genome editing. The first ele ment concerned safety and efficacy— a 
non- controversial standard insofar as no one wants to promote in-
terventions that are unsafe, or if safe, do not work. Importantly, 
however, safety and efficacy are threshold concepts: at some point, 
an authority has to decide if the technology is “safe enough” and 
“efficacious enough” to justify the first clinical  trials involving  humans. 
The second ele ment underscored the importance of broad societal 
consensus, which is also a threshold concept: at some point, an au-
thority has to decide if the societal debate has been adequately settled 
and broad societal consensus achieved.

To address the requirement for “broad societal consensus about 
the appropriateness of the proposed application,” the statement 
called for an ongoing international forum involving a wide range of 
participants “to establish norms concerning acceptable uses of 
 human germline editing and to harmonize regulations, in order to 
discourage unacceptable activities while advancing  human health 
and welfare.” To ensure a diversity of perspectives, an illustrative list 
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of potential participants was included. The list named “biomedical 
scientists, social scientists, ethicists, health care providers, patients 
and their families,  people with disabilities, policymakers, regulators, 
research funders, faith leaders, public interest advocates, industry 
representatives, and members of the general public.”

Of note, for po liti cal and other reasons (mostly fear on the part 
of some committee members that a moratorium would be mistaken 
for, or worse become, a permanent ban), the 2015 Summit statement 
did not use the word moratorium. Nonetheless, the concluding state-
ment was widely (and in my view, correctly) described as such by 
reporters and  others. By definition, a moratorium is a “temporary 
prohibition,” and every one agreed that no one should proceed with 
heritable  human genome editing at this time.

Immediately following the summit, the two US National Acade-
mies had a twenty- two- person expert committee (with expertise pre-
dominantly in science and law) begin a year- long study of  human 
genome editing to “examine the scientific under pinnings as well as 
the clinical, ethical,  legal, and social implications of the use of ge-
nome editing technologies in biomedical research and medicine.” In 
February 2017, the committee published  Human Genome Editing: 
Science, Ethics and Governance. This report identified a number of 
overarching princi ples for  human genome editing (promoting well- 
being, transparency, due care, responsible science, re spect for per-
sons, fairness, and transnational cooperation), and concluded that 
“clinical  trials using heritable  human genome editing should be per-
mitted”  under certain circumstances:

Heritable genome- editing  trials must be approached with cau-
tion, but caution does not mean they must be prohibited. If the 
technical challenges  were overcome and potential benefits  were 
reasonable in light of the risks, clinical  trials could be initiated 
if  limited to the most compelling circumstances, if subject to 
a comprehensive oversight framework that would protect the 
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research subjects and their descendants, and if sufficient safe-
guards  were in place to protect against inappropriate expan-
sion to uses that are less compelling or less well understood.

With the publication of this report, the starting assumption shifted 
from heritable  human genome editing research is “irresponsible 
 unless and  until it is widely endorsed by society,” to such research is 
“permissible provided that certain criteria are satisfied”:

• the absence of reasonable alternatives;

• restriction to preventing a serious disease or condition;

• restriction to editing genes that have been convincingly dem-
onstrated to cause or to strongly predispose to that disease or 
condition;

• restriction to converting such genes to versions that are preva-
lent in the population and are known to be associated with or-
dinary health with  little or no evidence of adverse effects;

• the availability of credible pre- clinical and / or clinical data on 
risks and potential health benefits of the procedures;

• during the trial, ongoing, rigorous oversight of the effects of the 
procedure on the health and safety of the research participants;

• comprehensive plans for long- term, multigenerational follow-
up that still re spect personal autonomy;

• maximum transparency consistent with patient privacy;

• continued reassessment of both health and societal benefits and 
risks, with broad ongoing participation and input by the public; 
and

• reliable oversight mechanisms to prevent extension to uses other 
than preventing a serious disease or condition.

In developing this decision tool for how to move from the labo-
ratory to the fertility clinic, the 2017 report of the US National Acad-
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emies overtly set aside the 2015 call for developing broad societal 
consensus about what heritable  human genome editing might be 
good for. The goal in  doing so was threefold: first, to supplant any 
kind of non- expert demo cratic dialogue about  whether  there  were 
sufficiently good reasons to pursue heritable  human genome editing; 
second, to signal unequivocally that the pivotal questions  were not 
“ Will it happen?” or “Should it happen?” but rather “When  will it 
happen?” and “How should it happen?;” and third, to facilitate the 
“when” by having on hand a ready- made framework principally 
grounded in self- regulation. Consonant with the mission of fast sci-
ence, this effort aimed to focus public attention on the prob lem of 
“how” to effectively move the science forward. And in keeping with 
the goal of fast science, the goal of fast ethics is “how” to move fast 
science forward ethically.

Many expressed concerns about this sleight of hand. An elegant 
expression of this can be found in the 2017 report of the German 
Ethics Council:

The recommendations drawn up in February 2017 by a com-
mittee jointly convened by the US National Acad emy of Sciences 
and National Acad emy of Medicine appear surprising. They ad-
vanced, for instance, the hypothesis that germline interven-
tions, within strictly regulated risk limits and when coupled 
with accompanying research on the risk,  were ethically defen-
sible if the intervention constituted “ really the last reasonable 
option” for a  couple of having their own healthy, biological 
child . . .  

The report reveals a subtle but, at the same time, impor tant 
shift in the evaluation of ethical accountability. It switches 
from “not allowed as long as the risks have not been clarified” 
to “allowed if the risks can be assessed more reliably.” It is 
clear that the US- American academies are no longer focusing 
on a partially fundamental, partially risk- related strong rejection 
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of germline therapy by genome editing but on a fundamental 
permission guided by individual formal and material criteria. 
The most recent study of the consortium around Oregon Uni-
versity from August 2017 on germline therapy can already be 
interpreted as an expression of this change in attitude. It was 
not preceded by any extensive debate amongst the general 
public in which agreement would have been reached on the 
fundamental permissibility of germline interventions, despite 
the Washington Summit having expressly called for this type of 
discussion.

With now evident prescience, the German Ethics Council then noted, 
“Apparently, speculations now concentrate less on  whether but 
rather only on when the first  human genet ically modified by genome 
editing  will be born.”

A critically impor tant fact in the CRISPR babies saga is that the 
February 2017  Human Genome Editing report was widely interpreted 
as having shifted the playing field. For example, Edward Lanphier, 
at the time chairman of the genome editing com pany Sangamo 
Therapeutics, said of the report, “It changes the tone to an affirma-
tive position in the absence of the broad public debate this report 
calls for.” So it is that Jiankui He referenced this report in the “Med-
ical Ethics Approval Application Form” submitted in March 2017 to 
the Ethics Committee of HarMoniCare Shenzhen Women’s and 
Children’s Hospital for his CCR5 genome editing proj ect. While  there 
are allegations of fraud surrounding this documentation, the content 
confirms the perception that the 2017 report weakened the require-
ment for broad societal consensus and shifted perceptions about the 
permissibility of heritable  human genome editing. Reflecting on the 
debacle, Benjamin Hurlbut, a science historian and science and tech-
nology scholar at Arizona State University, has said, “My impression 
is, if ‘moratorium’ had been used, meaning a categorical prohibition 
on germline editing for reproduction, it  wouldn’t have happened.” 
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According to Hurlbut, in moving his research forward, Jiankui He 
relied on the absence of a formal moratorium, the influential 2015 
Science article calling for a “prudent path forward,” and the 2017 US 
National Academies report. He “believed he had checked all the 
boxes.”

The following year, in July 2018, the Nuffield Council on Bioethics 
published Genome Editing and  Human Reproduction. This report, 
like the US National Academies report, envisaged the permissibility 
of using  human genome editing to avoid heritable diseases. Specifi-
cally, it concluded that heritable  human genome editing could be ac-
ceptable, but likely only “as an alternative to existing procedures 
for the avoidance of heritable ge ne tic disease or for the modifica-
tion of alleles predisposing to disease risk.”

We can, indeed, envisage circumstances in which heritable ge-
nome editing interventions should be permitted . . .  we do not 
believe that  there are absolute ethical objections that would rule 
them out in all circumstances, for all time. If this is the case, 
 there are moral reasons to continue with the pre sent lines of 
research and to secure the conditions  under which heritable ge-
nome editing interventions would be permissible . . .  so long as 
heritable genome editing interventions are consistent with the 
welfare of the  future person and with social justice and solidarity, 
they do not contravene any categorical moral prohibition.

In other re spects,  there are impor tant differences between  these 
two reports. Most notably, while the 2017 National Academies 
report focused on specific criteria for moving forward with heri-
table genome editing, the Nuffield Council on Bioethics report fo-
cused on two guiding princi ples— “the welfare of the  future 
person” and “social justice and solidarity”— that  were to orient 
ethical governance informed by broad societal debate. Notwith-
standing this difference, the scientific community has lumped  these 
reports together as prominent endorsements of the permissibility 
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of  future heritable  human genome editing. As this lumping has 
not been formally contested by the Nuffield Council on Bioethics, 
its report has also served to ease the way for  future heritable 
 human genome editing research. Beyond this, some critics of the 
report insist that “it moves beyond the merely permissible to the 
ethically obligatory, saying in its final section (paragraph 5.2) that 
‘ there are moral reasons to continue with the pre sent lines of research 
and to secure the conditions  under which heritable genome editing 
would be permissible.’ ”

• • •

 Earlier, I suggested that slow science could usefully be interpreted 
as a call for social justice, as an appeal to allow for time to ask and 
answer big questions such as “How  will this science improve the 
 human condition?”  Because heritable  human genome editing is ul-
timately about controlling  human evolution, for me this approach 
prompts two big questions that dovetail nicely: “What kind of world 
do we want to live in?” and given our answer to this question, “Should 
we pursue heritable  human genome editing?” Taken together,  these 
questions aim to have us reflect on the direction in which science is 
racing in relation to the goal of improving our world.

The challenge for responsible ethics with the first of  these two 
questions is that fast science is not interested in figuring out the 
kind of world we want to live in. It already presumes to know this 
and therein lies the rub. For  those who object, Hurlbut among 
them, “science must not presume to set the destination for a tech-
nology, but should follow the direction that we, the  people, pro-
vide. Science is— and must be—in the ser vice of the socie ties of 
which it is part.”

As for the second question about  whether to pursue heritable 
 human genome editing, fast science, joined by fast ethics, has a quick 
and ready answer: “Yes, of course.” In 1992, in his book Wonder
woman and Superman, John Harris wrote in anticipation (and some 
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might say cele bration) of a new breed of  humans with heritable ge-
ne tic modifications: “The revolution in molecular biology  will give 
us the ability to divert and control  human evolution to an unpre ce-
dented extent. It  will enable us to manufacture new life forms to 
order, life forms of  every sort. The decision before us now is not 
 whether or not to use this power but how and to what extent.”

Presently the questions of pivotal interest to fast science are: “How 
should we pursue heritable  human genome editing so as not to run 
afoul of research ethics oversight bodies, professional ethics guide-
lines, national legislation, or international norms?” and “How should 
we bring the general public along with us, so that we  don’t have a 
societal backlash as happened with GMOs (genet ically modified 
organisms)?” In tackling  these questions, ethics is impor tant and 
valuable to fast science in direct proportion to its ability to help nav-
igate potential obstructions to scientific “pro gress.”

The prob lem with this perspective is that it presumes that ethics 
is science’s handmaiden (which in some cases it clearly is), and 
thereby undermines ethics as a discrete field of research inquiry. It 
also fuels intolerance for any kind of ethical dissent from the hopeful 
narrative of any and all science as pro gress. From the perspective of 
fast science, science is struggling to make pro gress and in certain 
realms is constantly tripping over ethics. This prob lem is explained 
as a failure of ethics to keep pace with science, which reinforces the 
complaint that ethics is invariably burdensome. But fast science’s in-
creasing intolerance for potential ethical dissent is itself a serious 
ethical prob lem.

• • •

When Jiankui He told the world of the first CRISPR babies, he 
defended his research by explaining that in China  people with 
HIV / AIDS experience considerable stigma and discrimination in 
employment, health care, social networking, and marriage. According 
to He, re sis tance to HIV was an “unmet medical need, not just for 
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this case but for millions of  children,  because an HIV vaccine  isn’t 
available.” The audience at the 2018 International Summit was not 
persuaded.  There  were approximately five hundred  people in atten-
dance and an additional eighty thousand or so  people, from more 
than 190 countries, watching online. Another 1.8 million watched 
a video stream provided by Beijing News.  After He spoke, Nobel 
laureate David Baltimore (chair of both the first and second inter-
national summits), took to the stage to criticize He. Speaking on 
his own behalf, Baltimore recalled the prohibition on germline ge-
nome editing espoused in the 2015 Summit statement, namely: “it 
would be irresponsible to proceed with any clinical use of germline 
editing  unless and  until the safety issues have been dealt with and 
 there is broad societal consensus.”

The next day, at the close of the meeting, the 2018 Summit state-
ment was released. It unequivocally condemned He’s research, 
stating, “The procedure was irresponsible and failed to conform to 
international norms. Its flaws include an inadequate medical indi-
cation, a poorly designed study protocol, a failure to meet ethical 
standards for protecting the welfare of research subjects, and a lack 
of transparency in the development, review, and conduct of the 
clinical procedures.” This criticism of He was as far as the organ-
izing committee would go, however. Baltimore did try to acknowl-
edge “a failure of self- regulation by the scientific community,” but 
this was contested by  others including committee member Alta 
Charo. She insisted “the failure was his [Jiankui He], not the failure 
of the scientific community.” Hurlbut offered a different perspec-
tive: “Of course, he [ Jiankui He] made his own choices. But he 
was a product of his environment. The narrative of rogue scientist 
excuses the rest of science from having played a role. That’s just not 
true.”

In the aftermath, a number of strategies  were introduced to mini-
mize the risk of societal backlash against heritable  human genome 
editing.  These included labeling He as a “rogue scientist” and other-
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wise distancing He from the scientific community, framing the eth-
ical prob lem as primarily one of safety and lack of transparency, and 
calling for a broad scientific consensus instead of a broad societal 
consensus.

Notably,  there was no effort to examine the ways in which the 
international scientific community might have paved the way for 
He’s so- called reckless actions, for example, by downplaying the ob-
vious link between basic science research to develop tools and tech-
niques for germline genome editing and future clinical trials involving 
the use of this technology for reproduction. The embryology is the 
same; all that changes are the intentions of the researchers. More-
over,  there was no effort to take collective responsibility for the 
questionable assumptions in the 2017 report  Human Genome 
Editing and the way it weakened the requirement for a broad so-
cietal consensus, which might have given He pause. And, most as-
suredly,  there was to be no follow-on discussion about  whether 
scientists should be  doing research on heritable  human genome ed-
iting. The only issue fast science would entertain was how scientists 
could do “well” what He had done “poorly.”

The response of fast science to the He debacle was to pick up the 
pace by calling for ethical standards to meet the needs of scientists 
committed to moving forward “cautiously and responsibly.” The 
2018 International Summit statement On  Human Genome Editing 
II explic itly affirmed the permissibility of research on heritable 
 human genome editing and the need for a translational pathway:

Germline genome editing could become acceptable in the  future 
if  these risks [from the variability of effects produced by ge ne tic 
changes] are addressed and if a number of additional criteria 
are met.  These criteria include strict in de pen dent oversight, a 
compelling medical need, an absence of reasonable alterna-
tives, a plan for long- term follow-up, and attention to societal 
effects . . .
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A translational pathway to germline editing  will require ad-
hering to widely accepted standards for clinical research . . .  Such 
a pathway  will require establishing standards for preclinical 
evidence and accuracy of gene modification, assessment of com-
petency for prac ti tion ers of clinical  trials, enforceable standards 
of professional be hav ior, and strong partnerships with patients 
and patient advocacy groups.

As Hurlbut has explained, in calling for international standards for 
heritable  human genome editing, leaders in the scientific community 
“shunted aside a crucial and as- yet- unanswered question:  whether 
it is (or can ever be) acceptable to genet ically engineer  children by 
introducing changes that they  will pass on to their own offspring. 
That question belongs not to science, but to all of humanity.”

What is both striking and perplexing to persons outside the sci-
entific community is how (and why) genome editing research in 
China in 2015 in nonviable embryos, in a laboratory, within the in-
ternationally accepted fourteen- day limit, and without any attempt 
to initiate a pregnancy, should result in a formal call for “broad soci-
etal consensus about the appropriateness of any proposed use of 
heritable  human genome editing” at the 2015 International Summit—
while more contentious genome editing research in China in 2018 in 
 viable embryos, for reproduction, and resulting in the birth of 
gene- edited twins would result in a call for a “translational pathway 
to germline editing” at the 2018 International Summit. In between, 
 little had changed in terms of the science and most certainly nothing 
meaningful had happened in terms of ethics and governance. Equally 
perplexing is the exclusive endorsement with the 2018 summit 
statement of only two policy documents— the 2017 report by the 
US National Academies and the 2018 report by the Nuffield Council 
on Bioethics when many other academies, national ethics groups, 
governments, and international organ izations had issued reports on 
 human genome editing.
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In part as a corrective, in March 2019, eigh teen se nior scientists 
and ethics scholars (including two of the three CRISPR pioneers and 
four of the twelve members of the 2015 International Summit Organ-
izing Committee) called for a global moratorium, of fixed duration 
(possibly five years). This initiative, clearly informed by the belief 
that “ these decisions must not be taken by individual actors— not by 
scientists, physicians, hospitals or companies, nor the scientific or 
medical community acting as a  whole,” aimed to create protected 
time for an international dialogue that would involve a wide range 
of voices from diverse communities with a view to developing an 
international framework.

Returning to the  earlier criticism that our ethical reflections on 
heritable genome editing have not kept pace with our scientific ad-
vancements, it is impor tant to stress that the ongoing (sometimes 
raucous) ethics discussion and debate about heritable  human ge-
nome editing while science marches on is less about “science out-
pacing ethics” and more about “science disparaging ethics,” which 
is an altogether dif fer ent  matter. Sound ethical analy sis requires an 
understanding of the goals (the ends) before turning to the means. 
Questions about what kind of world we want to live in and  whether 
heritable  human genome editing  will help us build that world are 
complex; addressing them requires time which, in turn, often requires 
money. Time and money can be a serious challenge for fast science 
and fast ethics.

• • •

Slow science is likely only pos si ble if we embrace an understanding 
of science as a public resource and a shared responsibility. In writing 
this, I join  others who sincerely believe that  things could be dif-
fer ent.  There is another way to do science that is focused on the 
common good— a way that is reflective, consultative, and aims to 
benefit us all. In 1994, in Prometheus Bound, John Ziman argued 
for “generous mea sures” of social space for personal initiative and 
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creativity; time for ideas to grow to maturity; openness to debate 
and criticism; hospitality  toward novelty; and re spect for special-
ized expertise. Ziman insisted that  these mea sures  were “funda-
mental requirements for the continued advancement of scientific 
knowledge— and, of course, for its eventual social benefits.” I  couldn’t 
have said it better.
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I believe that science collectively, and scientists individually, have a 
responsibility to serve the common good, and that this responsibility 
includes contributing to public policy. For obvious reasons, this re-
sponsibility falls most heavi ly on the shoulders of science experts— 
persons with specialized scientific knowledge and skills. One facet 
of this responsibility includes making scientific information acces-
sible to members of the public and policymakers. This might involve 
public speaking and media commentary, committee work that cul-
minates in public reports, or testimony before governmental or 
quasi- governmental committees. Taken together,  these efforts can 
have a profound impact on public policy.

Earnest discussions about  human ge ne tic engineering among sci-
entists and scholars date back to the mid-1960s and early 1970s. 
Back then, enthusiasts like the American molecular biologists and 
Nobel laureates Joshua Lederberg and James Watson celebrated the 
possibility of using ge ne tic technologies to advance scientific and so-
cial goals. Lederberg, in par tic u lar, underscored the eugenic advan-
tages of  human cloning and other forms of ge ne tic engineering, 
including the creation of human- nonhuman chimeras.  Others 
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highlighted the potential dangers of  human ge ne tic engineering and 
questioned the wisdom of “playing God.” American Christian bio-
ethicist Paul Ramsey, in his book Fabricated Man, warned, “Men 
 ought not to play God before they learn to be men, and  after they 
have learned to be men they  will not play God.”

 These discussions gained a certain momentum in the mid-  to late 
1990s with the expanding use of IVF for  human reproduction and 
the birth of Dolly, the cloned sheep. And by the spring of 2015, 
 these discussions  were in overdrive in response to research pub-
lished in the Chinese journal Protein & Cell confirming that scien-
tists in China had been  doing CRISPR genome editing research using 
early stage  human embryos. Although this research used nonviable 
 human embryos, and the genet ically modified embryos  were not 
used to initiate a pregnancy, the research was highly controversial, 
and all kinds of scientists had all kinds of  things to say. From one 
perspective, this groundbreaking research was a  great success 
 because it confirmed that it was pos si ble to modify the genomes of 
 human embryos. From another perspective, it was a spectacular 
failure  because in most cases the genome editing did not work, 
and when it did work it introduced unexpected and unwanted 
mutations.

Some scientists criticized the audacity and the scientific capabili-
ties of the Chinese research team. Other scientists focused on what 
they perceived as an ethical breach. In addition, many scientists com-
mented,  either positively or negatively, on the prospect of  future 
genome editing research in  viable embryos intended for reproduc-
tion. For example, the American molecular biologist and Nobel lau-
reate Craig Mello  imagined a pos si ble  future in which “altered 
germ lines would protect  humans against cancer, diabetes and other 
age- related prob lems.” From a completely dif fer ent perspective, 
Edward Lanphier, then- president and chief executive officer of 
Sangamo Biosciences ( later Sangamo Therapeutics) objected: “We 
are  humans, not transgenic rats. We believe  there is a fundamental 
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ethical issue in crossing the boundary to modifying the  human 
germ line.”

The publication in Protein & Cell ignited an intense public de-
bate about the ethics and governance of heritable  human genome 
editing— a debate that had been simmering in the academic lit er a-
ture for the previous month in response to two provocative ethics 
commentaries. The first of  these high- profile commentaries, “ Don’t 
Edit the  Human Germ Line” by Edward Lanphier, Fyodor Urnov, 
and colleagues, was published in the journal Nature. The second 
commentary, “A Prudent Path Forward for Genomic Engineering 
and Germline Gene Modification” by David Baltimore and other 
prominent researchers and ethicists, was published in Science. The 
authors of both commentaries recognized the potential benefits of 
heritable  human genome editing for the prevention of disease in 
 future generations, but underscored the unpredictable risks to  human 
health. Both groups of authors also identified the need for open dis-
cussion among experts and involving the public.

The Nature commentary, published online on March 12, 2015 
(approximately five weeks before the online science publication in 
Protein & Cell), included the admonition: “Genome editing in 
 human embryos using current technologies could have unpredict-
able effects on  future generations. This makes it dangerous and ethi-
cally unacceptable . . .  At this early stage, scientists should agree 
not to modify the DNA of  human reproductive cells.” The lead au-
thors, Lanphier and Urnov— both of whom  were then affiliated with 
Sangamo Biosciences, a biopharmaceutical com pany involved in ge-
nome editing of somatic cells— worried that public concern about 
germline genome editing would have negative spillover effects on re-
search involving somatic cell genome editing for therapeutic pur-
poses. This may have informed their call for a voluntary morato-
rium on germline editing.

The Science commentary, published online on March  19, 
2015 (approximately four weeks before the Protein & Cell online 

 EBSCOhost - printed on 2/13/2023 6:23 AM via . All use subject to https://www.ebsco.com/terms-of-use



150 • Altered Inheritance

publication), had a somewhat dif fer ent focus. This commentary was 
nominally a report on a meeting held in Napa, California, in Jan-
uary 2015. The meeting had been convened “to discuss the scien-
tific, medical,  legal, and ethical implications of . . .  new prospects 
for genome biology.” The commentary aimed to promote the “re-
sponsible”  future use of  human genome editing in a way that would 
not erode trust in science.

Whereas the authors of the Nature commentary explic itly called 
for a voluntary moratorium, the authors of the Science commentary 
would only go so far as to recommend that steps be taken to “strongly 
discourage” heritable modifications in  humans so that scientific and 
governmental organ izations might discuss the societal, environ-
mental, and ethical implications and identify “pathways to respon-
sible uses of this technology.”

 These commentaries, published in response to widely circulating 
rumors about  human embryonic genome editing in China, raised a 
number of impor tant questions— about the proper role of science 
in society, the scope of scientific integrity, the legitimacy and au-
thority of science experts in po liti cal debates and policy discus-
sions, and our ability to use expert science advice well.  Little did the 
authors of  these commentaries know that the  future they worried 
about was only a few years away. In late November 2018, Jiankui 
He self- reported that he had created the world’s first CRISPR babies— 
“healthy” twin girls born from embryos that had been genet ically 
modified to confer re sis tance to HIV infection.

• • •

 Today, scientists who are knowledgeable about genome- based re-
search are routinely invited to explain this science and comment on 
its potential usefulness. Some scientists shy away from such invita-
tions, especially if they come in the wake of controversial so- called 
breakthroughs.  Others choose to engage— among them, scientists 
who mostly restrict their comments to technical, scientific  matters. 
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Still other scientists believe themselves qualified to comment not only 
on scientific  matters, but also on related societal and ethical issues. 
Within this second group of scientists are some who focus on the risk 
of unpredictable effects on  future generations and  others who em-
phasize the potential contributions of genomic science to biotech-
nology, drug development, improvements in  human health, and so on.

The decision to engage in discussions relevant to science policy 
depends in part on personal beliefs about the role of science and sci-
ence experts in society. Some science experts believe that, at most, 
they should carefully and dispassionately explain the relevant science 
to policymakers, legislators, and perhaps the public— then it is up to 
 others to set policy, with or without broad public consultation. 
Underpinning this belief is the view that science is first and fore-
most an exercise in truth- seeking, and so should not be swayed by 
personal or po liti cal goals or objectives. Other science experts, 
however, believe they should lend their expertise to their favored 
interest group or cause as a way to influence policymaking in a di-
rection they prefer. Underpinning this belief is the idea that scien-
tists have specialized knowledge and skills that could usefully direct 
science policy.

A helpful exploration of pos si ble roles for science advisers in re-
lation to policy and politics has been developed by the American 
po liti cal scientist Roger Pielke Jr. Pielke describes four idealized roles: 
pure scientist, science arbiter, issue advocate, and honest broker of 
policy alternatives. In the first two roles— pure scientist and science 
arbiter— science experts function as information resources. They 
generate information (in the role of pure scientist) or they generate 
information and assist with its interpretation (in the role of science 
arbiter). In the other two roles— issue advocate and honest broker 
of policy alternatives— science experts explic itly engage with policy 
options in an effort to reduce (in the role of issue advocate) or 
expand (in the role of honest broker) the range of options  under 
consideration.
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In my analy sis, I use an amended version of Pielke’s framework 
to describe the vari ous ways that scientists have contributed to the 
debate on the ethics and governance of heritable  human genome ed-
iting. Unlike Pielke, I develop the role of “science analyst” instead 
of science arbiter. An arbiter is commonly someone who is empow-
ered to decide contested  matters, such as a judge, whereas an analyst 
denotes a disinterested individual who reviews available information 
and provides impartial data for decision-making. If we use the court-
room as a meta phor, the analyst is not the judge, but the amicus 
curiae— “friend of the court.”

I also develop the role of “social reformer” as a discrete subtype 
of issue advocate, to highlight the work of scientists whose advocacy 
is overtly other- regarding and informed by a commitment to  human 
flourishing and to making the world a better place. And, fi nally, 
I replace the category honest broker with “science diplomat.” This 
is a person skilled at facilitating knowledge- based integrity- preserving 
compromises— helping persons in positions of conflict modify their 
original positions without having to compromise their fundamental 
values or princi ples. This work of trying to find a path to consensus 
may involve clarifying the scientific under pinnings of dif fer ent policy 
options, identifying points of common interest and convergence 
around the science, and, as appropriate, widening or narrowing the 
range of policy options  under consideration.

In outlining  these idealized roles, I do not mean to suggest that 
 actual scientists can be pigeonholed in this way. Scientists as indi-
viduals or as committee members can occupy more than one role, 
and  those roles can shift depending upon the issue at hand.  These 
descriptions are instead meant as a useful heuristic to illustrate the 
many ways in which scientists can (and do) contribute to the poli-
cymaking pro cess.

Pure Scientists.  Pure scientists believe in science for the sake of 
science— that is, for the purpose of producing knowledge. Their sci-
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ence is motivated by what sparks their curiosity and not by external 
economic, environmental, societal, or other priorities. Pure scientists 
have no vested interest in how their science is used by  others, in-
cluding policymakers, legislators, and members of the public. They 
contribute to the fount of available knowledge but choose to stay 
on the periphery of policy debates.

Though Pielke introduces the role of pure scientist, he suggests 
that it “ doesn’t  really exist in the real world . . . [I]n the real world, 
grant applications and funding com[e] with expectations of impact 
and relevance.” This refutation is perhaps a  little too facile, however. 
While it is true that science funding increasingly comes with expec-
tations of economy- boosting inventions and innovations, many basic 
scientists actively defend curiosity- driven research (sometimes called 
blue- sky research), and vociferously object to having to identify the 
potential benefits of their investigations. Theirs is a  simple quest for 
truth.

In writing this, I am reminded of a brief public skirmish I had in 
2005 with John C. Polanyi, one of Canada’s Nobel laureates and a 
staunch defender of curiosity- driven research unencumbered by po-
liti cal expectations of potential societal benefit. In writing about 
public funding for science in the Globe and Mail, Jason Scott Robert 
and I argued for a broader understanding of scientific merit that would 
include “both scientific validity (excellent science) and scientific value 
(scientific and societal significance).” In no uncertain terms, Polanyi 
argued that we  were mistaken. In response to our commentary he 
wrote, “Excellence in science . . .  is a rare and precious resource, 
wasted if redefined as relevance. . . .  What is excellent . . .  is a reve-
lation.” Perhaps not surprisingly, John Polanyi’s view mirrored that 
of his  father, Michael Polanyi, who in 1962 wrote that any “attempt 
at guiding scientific research  toward a purpose other than its own is 
an attempt to deflect it from the advancement of science.” I recount 
this story simply to support the claim that  there are science experts 
who embody and defend the idealized role of pure scientist. John 
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Polanyi, for one, believes this role type is pos si ble  because “fortu-
nately for  those who value science for its fruits (that is all of us), it 
is virtually impossible to make a major discovery that is useless.”

This view of science is shared by Canada’s most recent Nobel lau-
reate, Donna Strickland. Strickland, along with Gérard Mourou, 
in ven ted chirped pulse amplification, which  today has several prac-
tical applications, including its use in  laser eye surgery to cut a pa-
tient’s cornea and in cell phone manufacturing to cut fine glass parts. 
While Strickland understands and appreciates the public’s interest 
in the practical applications of her work, she stresses the importance 
of fundamental science. “ After all,” she writes, “you  can’t have 
the applications without the curiosity- driven research  behind it. 
Learning more about science— science for science’s sake—is worth 
supporting.”

As  these examples make clear,  there are science experts who be-
lieve that the “unobstructed pursuit of useless knowledge” is a valu-
able exercise. They understand “useless” knowledge as theoretical 
knowledge that does not have an obvious use value or immediate 
practical application.  These scientists have no deep, abiding interest 
in policy debates. Forced to pursue grant funding at a time when 
more and more scientists are competing for fewer and fewer research 
dollars, they may advocate for their science by highlighting antici-
pated practical benefits, but they are nonetheless in essence pure 
scientists— scientists who expound the virtues of pure science.

Pure scientists play a role in policy debates about heritable  human 
genome editing,  because their work generates knowledge that  others 
may find useful. As needed, policymakers, legislators, and members 
of the public can access the information they generate— for instance, 
information about DNA, genes, the  human genome, ge ne tic disease, 
CRISPR technology, somatic cell genome editing, germline genome 
editing, inheritance patterns, and so on. In the realm of CRISPR 
science, Francisco Mojica, who was the first to characterize the 
CRISPR locus, is a classic pure scientist. He has repeatedly affirmed 
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that curiosity alone, not some potential technological application, 
motivates his science. “I just want to know,” he says.

Science Analysts.  Science analysts, as individual scientists or as 
members of science panels, contribute information and interpreta-
tion to the policymaking pro cess. They believe that science has a dual 
purpose—to discover and disseminate the truth and to promote so-
cial reform. That is, while the immediate goal of science is pure truth- 
seeking, the final goal of science is “to do ser vice to the common-
weal by providing policy relevant information to guide demo cratic 
decision making.” Unlike pure scientists who are focused solely on 
the pursuit of truth, science analysts aim to put information in the 
hands of policymakers, legislators, and members of the public. They 
tackle factual questions that can be resolved impartially using the 
tools of science and in this way contribute to science literacy.

In terms of policymaking for heritable  human genome editing, sci-
ence analysts do not weigh in on the ethical permissibility of so-
matic versus germline genome editing, or health- related versus non- 
health- related genome editing. They address scientific questions but 
avoid normative questions, so as to avoid being drawn into po liti cal 
debate. For example, if  people have questions about the health risks 
associated with  human genome editing, science analysts could help-
fully explain the risk of off- target effects— how genome editing might 
accidentally change segments of DNA other than  those intended for 
ge ne tic modification. They could also describe the risk that genome 
editing might accidentally disable (switch off) a tumor- suppressor 
gene or activate (switch on) a cancer- causing gene. Beyond this, they 
could review available data on the risk of off- target effects and so 
perhaps confirm a percentage risk of this occurring.

What science analysts would not do is try to answer a stark value-
laden question, like “What is an ethically acceptable favorable harm-
benefit ratio for proceeding with clinical  trials?” Science analysts 
would aim to contribute unbiased information about the nature and 
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probability of known harms and benefits, but would leave it to  others 
to debate how much risk (and to whom) is worth incurring, at what 
stage, and to what end.

In the realm of demo cratic policymaking, the idealized role of sci-
ence analyst is perhaps more useful than that of pure scientist 
 because science analysts can provide policymakers, legislators, and 
members of the public with information and insights so they are not 
left to their own devices in sorting through the science. Science ana-
lysts, too, can function as “friends of the government” or “friends 
of the  people” in much the same way that  people can be “friends of 
the court.” Amici curiae—friends of the court—are disinterested 
experts who present evidence and arguments to assist the court in 
pursuing its core responsibility, justice. Similarly, science analysts 
could be “friends of the government” who offer evidence and argu-
ments to assist the government in pursuing its core responsibility, 
the common good. They could also be “friends of the  people” who 
assist vari ous publics in appreciating and articulating the concerns 
they believe are impor tant.

On April 28, 2015, Francis Collins issued a formal statement ex-
plaining why the NIH would not be funding genome- editing research 
in  human embryos:

The Dickey- Wicker amendment prohibits the use of appropri-
ated funds for the creation of  human embryos for research pur-
poses or for research in which  human embryos are destroyed 
(H.R. 2880, Sec. 128). Furthermore, the NIH Guidelines state 
that the Recombinant DNA Advisory Committee “. . .   will not 
at pre sent entertain proposals for germ line alteration.”

With this statement reminding  others of the legislative and regula-
tory prohibitions on NIH funding for  human embryo research and 
 human germline genome editing, Collins was acting in the role of 
science analyst. Other parts of the formal statement, however, list 
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arguments against funding heritable  human genome editing, in-
cluding “serious and unquantifiable safety issues, ethical issues pre-
sented by altering the germline in a way that affects the next gen-
eration without their consent, and a current lack of compelling 
medical applications justifying the use of CRISPR / Cas9 in embryos.” 
In  these sections, Collins would have been acting in the role of issue 
advocate.

Issue Advocates.  Unlike pure scientists or science analysts, issue 
advocates, as individual scientists or as members of science panels, 
are overtly aligned with a par tic u lar set of interests— selfish or 
other wise. To return to the courtroom meta phor, issue advo-
cates are “intervenors,” that is, persons with relevant interests and 
perspectives.

Issue advocates are generally keen to persuade policymakers, 
legislators, and members of the public of the merits of policy options 
that overlap with the interests they support. Like science analysts, 
they welcome opportunities to participate in policymaking, but 
unlike science analysts, they do not shy away from normative is-
sues. Indeed, they like to invoke the authority of science to restrict 
choices, and to advance par tic u lar personal, professional, eco-
nomic, or po liti cal goals. For example, issue advocates might an-
swer the question, “What is an ethically acceptable favorable harm-
benefit ratio for proceeding with clinical  trials?” with a percentage 
answer.

Josiah Zayner is an out spoken issue advocate. He believes in the 
democ ratization of science and has a small com pany that sells do- 
it- yourself ge ne tic engineering kits. On the topic of heritable  human 
genome editing, he insists that “sex is the worst form of ge ne tic 
engineering and we allow it to wreak havoc on the lives of  people. 
It  causes unpredictable ge ne tic changes in the embryo that can lead 
to harmful traits. I support and champion the ability to alleviate 

 EBSCOhost - printed on 2/13/2023 6:23 AM via . All use subject to https://www.ebsco.com/terms-of-use



158 • Altered Inheritance

suffering, and if that means so- called ‘designer babies’, then I sup-
port it.”

Reasoning along similar lines, a number of prominent scientists, 
including George Daley, Robin Lovell- Badge, and Julie Steffann, 
identify preventing the birth of  children with devastating ge ne tic dis-
eases as a priority. They acknowledge that in most instances  there 
are alternative (safer and cheaper) means of achieving this goal, but 
they prioritize parental autonomy, procreative liberty, and efficiency. 
Their commitment to  these specific values informs their view that it 
is ethical to develop and use heritable genome editing for  couples at 
risk of transmitting a serious ge ne tic disease to their  children.

Other issue advocates argue against heritable  human genome ed-
iting, dismissing arguments that invoke incredibly rare scenarios. 
Paul Knoepfler, for example, an American biologist, active blogger, 
and author of GMO Sapiens, prioritizes social justice over parental 
autonomy. He argues that the

use of CRISPR or other technologies in the  human germline 
poses a profound threat to society on a number of levels that 
equals or more likely greatly outweighs the potential practical 
health- related benefits of such heritable use, particularly since 
power ful ge ne tic screening approaches already widely in use 
make the idea of using CRISPR in the  human germline for 
prevention of ge ne tic disease a very illogical proposition at 
pre sent.

Among the issue advocates who are critical of heritable  human 
genome editing are some who  favor an explicit ban or a time- limited 
moratorium on the use of this technology. In support of this view, 
some refer to the international consensus documents issued by the 
United Nations and the Council of Eu rope. Article 11 of the 1997 
UNESCO Universal Declaration on the  Human Genome and  Human 
Rights stipulates that “practices which are contrary to  human dig-
nity, such as reproductive cloning of  human beings,  shall not be per-
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mitted.” Article 24 of the declaration further mandates the UNESCO 
International Bioethics Committee to make recommendations 
“regarding the identification of practices that could be contrary to 
 human dignity, such as germ- line interventions.” In October 2015, 
the International Bioethics Committee issued its “Report of the IBC 
on Updating Its Reflection on the  Human Genome and  Human 
Rights.” This report explic itly called for a moratorium on heritable 
 human genome editing for “at least as long as the safety and effi-
cacy of the procedures are not adequately proven as treatments.” 
The report also called on states to “renounce the possibility of acting 
alone in relation to engineering the  human genome and accept 
to  cooperate on establishing a shared, global standard for this 
purpose.”

An equally impor tant international document is the Oviedo Con-
vention, which is legally binding on the twenty- nine countries that 
have signed and ratified it. Article 13 of the convention prohibits ge-
nome interventions for non- therapeutic purposes as well as heri-
table genome interventions: “An intervention seeking to modify the 
 human genome may only be undertaken for preventive, diagnostic 
or therapeutic purposes and only if its aim is not to introduce any 
modification in the genome of any descendants.” During the De-
cember 2015 International Summit, the Council of Eu rope Com-
mittee on Bioethics issued a statement underlining the relevance of 
the framework provided in the convention and reminding the world 
of the legally binding prohibition on germline modification as ar-
ticulated in Article 13.

While some issue advocates are “for” a specific policy option that 
other issue advocates are “against,”  there are also issue advocates 
who are first and foremost for social solidarity— for fair and just 
policies. Many are science experts who at some point in their  careers 
became vocal advocates for societal change when they realized the 
scientific foundations of par tic u lar societal prob lems and wanted 
to make the world a better place for all.  Others chose a  career in 
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science and developed a par tic u lar area of scientific expertise for the 
express purpose of bringing about societal change for the common 
good.  These issue advocates can usefully be identified as “social re-
formers.” Climate scientists who demand effective environmental 
protection policies in the face of government inaction or missteps 
often fall in this category, as do economists (and  others) who de-
mand fair taxation rather than more philanthropy.

The guiding ethical princi ple for social reformers is pursuit of the 
common good in the ser vice of the commonweal. As I have argued 
elsewhere, the common good is that which is “essential for both 
survival and general well- being, such as health and safety, and to 
which the market, property and individual liberty are subordi-
nate.” And the commonweal refers to the general welfare of us all. 
From this perspective, the idealized role of social reformer is pref-
erable to that of other issue advocates who sometimes advance 
specific scientific, economic, and po liti cal benefits over benefits to 
society.

Science Diplomats.  Science diplomats are experts who provide 
policymakers, legislators, and members of the public with scientific 
information about a range of policy options and help them move 
 toward collective decision- making. As individuals or as committee 
members, they seek to clarify the scientific under pinnings of dis-
crete policy options, identify common interests and points of con-
vergence around the science, and, as needed, expand or contract the 
scope of decision- making. This last step might involve eliminating 
or enriching policy options under consideration. It might also in-
volve introducing new options.  Because all science is in some mea-
sure value- laden, this work also involves aligning scientific infor-
mation with values and interests to make clear which policy options 
support which policy objectives. This work is critically impor tant to 
the goal of reaching a compromise that is not only knowledge based, 
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but also integrity preserving— “a mutually satisfactory decision based 
not only on what the parties in conflict think should be done, given 
their core values, but also based on what they think should be done 
given their conflict and given other values they have in common.” 
All told, science diplomats aim to empower policymakers, legisla-
tors, and members of the public by facilitating rather than directing 
the policymaking pro cess.

In the area of policy debates about heritable  human genome ed-
iting, science diplomats are currently working to expand debate and 
discussion beyond the binary, polarizing options “to prohibit” or “to 
permit.” In pursuit of this goal, most are advocating for some kind 
of moratorium to buy time for thoughtful, reflective discussion about 
common goals and competing interests. Long- term, the goal is for a 
knowledge- based, integrity- preserving compromise in pursuit of the 
common good.

In March 2019, Eric Lander and colleagues (including myself) 
renewed the call for a global moratorium on heritable  human 
genome editing and added an explicit call for an international 
governance framework. In an effort to promote uptake of the 
proposal, the call to action referenced a number of initiatives that 
could facilitate the implementation of a moratorium and the de-
velopment of a framework, including: the World Health Organ-
ization expert advisory committee on developing global standards 
for governance and oversight of  human genome editing; the in-
ternational commission sponsored by the US National Acade-
mies and the UK Royal Society; and, the Global Genome Editing 
Observatory.

• • •

Currently, science experts actively engaged in policy debates on her-
itable  human genome editing mostly function as issue advocates. 
Clear examples of advocacy can be seen in the earlier- mentioned 
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commentaries published in Nature and Science in 2015, around the 
time of the first use of CRISPR technology to genet ically modify 
 human embryos, and again in 2018 in reaction to the first use of 
CRISPR technology for  human reproduction.

In the 2015 commentaries, one group of issue advocates (in Na
ture) described heritable  human genome editing as “dangerous and 
ethically unacceptable,” and called for a voluntary moratorium. In 
contrast, another group of issue advocates (in Science) underscored 
the need to “enable pathways to responsible uses of this technology, 
if any, to be identified.” They recommended that steps be taken, at 
this time, to “strongly discourage” heritable genome editing in 
 humans. They consciously did not use the word moratorium.

Both groups of issue advocates affirmed that heritable  human 
genome editing was premature— not only  because of unknown risks, 
including unintended consequences, but also  because of broader 
societal and ethical concerns— and called for public discussion. 
The under lying motivations in calling for public engagement, how-
ever,  were notably dif fer ent. As described in the Nature commen-
tary, the goal of public discussion was “to assess  whether, and 
 under what circumstances—if any— future research involving ge-
ne tic modification of  human germ cells should take place.” In 
sharp contrast, the goal of such discussion in the Science commen-
tary was to “explore responsible uses of this technology,” on the 
assumption that heritable genome editing should take place, just 
not at this time.

In December 2018, in response to the announcement by Jiankui 
He that he had engineered the birth of two gene- edited babies and 
that at least one more gene- edited baby was on the way,  these two 
journals published something akin to a reprise. The editorial in Na
ture insisted that dialogue “should not start with the assumption that 
 future germline editing is a foregone conclusion”; it also noted 
that  whether heritable genome editing is permissible “is a ques-
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tion for society, not scientists, and one that demands the input of 
dif fer ent stakeholders from across the world.” Meanwhile, the Sci
ence editorial, co- signed by the presidents of three national acade-
mies (two in the United States and one in China), insisted on the need 
to develop “criteria and standards” for permissible “genome editing 
in  human embryos for reproductive purposes”; it also advocated 
a broad scientific consensus. Once again,  there was an article in 
Nature supportive of slow science and an article in Science in the 
mode of fast science.

This divide in the scientific community came into sharp relief with 
the March 2019 Nature publication “Adopt a Moratorium” (with 
eigh teen signatories from seven countries) calling for both a volun-
tary global moratorium and an international governance framework 
for heritable genome editing anchored in broad societal consensus. 
Four of the original signatories of the 2015 Summit statement ad-
vocating “broad societal consensus” called for this moratorium 
(Eric Lander, Paul Berg, Ernst- Ludwig Winnacker, and myself), 
along with two of the three CRISPR pioneers (Emmanuelle Char-
pentier and Feng Zhang) and a dozen other prominent scientists 
and ethicists. In opposition, three of the original signatories to the 
2015 Summit statement voiced strong objections: Jennifer Doudna, 
the third CRISPR pioneer; George Daley; and David Baltimore (who 
chaired both the 2015 and the 2018 summits). Of note,  these objec-
tors  were among the signatories to the subsequent 2018 Summit 
statement calling for a translational pathway.

Speaking in support of the moratorium and international gover-
nance framework, Eric Lander, the lead author, said:

What we want to see are wise and open decisions . . .  We want 
to make sure that countries  don’t do  things secretly, that we de-
clare what  we’re thinking, discuss it openly, and be prepared 
for debate and disagreement . . .   We’re trying to plan the world 

 EBSCOhost - printed on 2/13/2023 6:23 AM via . All use subject to https://www.ebsco.com/terms-of-use



164 • Altered Inheritance

 we’re  going to leave for our  children. Is it a world where  we’re 
deeply thoughtful about medical applications, and  we’re using 
it in serious cases, or is it a world where we just have rampant 
commercial competition?

 These remarks detailing the motivation under lying the call for the 
moratorium and the governance framework hardly seem objection-
able, yet a number of issue advocates objected. Doudna, an early 
proponent of a “pause,” suggested that  there was no good reason 
for her to endorse this most recent call for a moratorium,  because 
 there was already an “effective moratorium” in place since 2015. It 
is not clear what Doudna meant by this, however, given that the birth 
of gene- edited babies happened  under this so- called effective mora-
torium. Moreover, it is impor tant to note that He— the scientist at 
the center of the controversy— did not believe  there was a morato-
rium (and he was not alone in this belief). This is unsurprising in-
sofar as many scientists (including Doudna), for years, studiously 
avoided using the word “moratorium.” In this regard, it is also 
telling that scientists who knew of He’s research and the pregnancy 
did not raise the alarm about an egregious violation of any kind of 
moratorium, and when the births  were announced, the outcry from 
the scientific community was not about a violation of an interna-
tional moratorium, but about a failure to re spect an international 
consensus— clearly, words  matter. In any case, the existence of a 
so- called effective moratorium is not a principled reason to object 
to a formal moratorium.

Doudna also suggested that she did not support the call for a mor-
atorium  because she preferred “ ‘strict regulation that precludes 
use’ of germline genome editing  until scientific, ethical and societal 
issues are resolved,” and  because she wanted to work with the two 
US national academies and the UK Royal Society on their planned 
international commission. In her words, “I prefer this to a morato-
rium which, to me, is of indefinite length and provides no pathway 
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 toward pos si ble responsible use.” The prob lem with this objection is 
that it  doesn’t accord with the facts. The proposed moratorium was 
not of indefinite length, but for five years, and the proposal included 
plans for an international governance framework. Moreover, en-
dorsing a call for a moratorium and working with the international 
commission  were not mutually exclusive options. Lander, for ex-
ample, championed the call for a moratorium and was named to the 
National Academies international commission. Indeed, a moratorium 
would support the commission’s work by reducing the probability 
of another surprise birth announcement of more gene- edited babies 
while trying to report on the scientific and ethical issues. Presumably 
reasoning along  these lines, Victor Dzau, president of the US National 
Acad emy of Medicine, suggested that the commission might recom-
mend a moratorium on heritable  human genome editing  until it 
issued its final report.

This leaves one to speculate about the real reason for Doudna’s 
objection to a moratorium given her willingness to accept regulations 
that would include a prohibition  until scientific, ethical, and societal 
issues  were resolved— a willingness that is consistent with the call for 
a global moratorium and an international governance framework. So 
what, then, was the issue? Could her objection have been to the pro-
posed time frame of five years? If not that, could the objection have 
been to the proposed two years’ notice required of nations electing 
to proceed with heritable genome editing? Or was the objection to 
“broad societal consensus,” which entails the distribution of power? 
Perhaps. But this would be at odds with her claim about wanting to 
work with the international commission of science academies. The 
sponsors of that commission— the two US national academies and the 
UK Royal Society—in response to the call for a moratorium and 
international governance framework, formally recognized that the 
commission must “reach beyond the scientific and medical communi-
ties to achieve broad societal consensus before making any decisions, 
especially given the global implications of heritable genome editing.”
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All told, Doudna’s varied objections to the moratorium are 
 unclear. She agrees that it would be irresponsible to proceed with 
heritable  human genome editing at this time, but like many other 
scientists, it appears that she is “spooked by the m- word.” She, like 
 others, fears that a moratorium (a temporary prohibition)  will 
morph into a permanent ban, and this would be at odds with devel-
oping a pathway to responsible use. She has been praised for her 
decision not to back the moratorium. One particularly enthusiastic 
supporter of fast science tweeted, “ Because timely Research is Impor-
tant for Pro gress: Thank You Dr.  Jennifer Doudna (#CRISPR In-
ventor) for Your Wise Leadership in letting Pro gress continue its brisk 
pace and allowing it to accelerate, this is something that is very much 
needed.”

By comparison, George Daley’s objections are transparent. In his 
view, a moratorium would complicate rather than clarify  future 
discussions. In support of this claim, Daley raised the following 
pointed questions: “How long should a moratorium last? How is it 
enforced? Who gets to decide when to rescind?” As  these questions 
make clear,  there is evident concern about who  will (should) control 
the pace of science.

Reasoning along similar lines, David Baltimore— who personally 
has consistently objected to the word moratorium— noted, “We have 
consciously not used the word ‘moratorium’  because  people  mistake 
it for a permanent ban and it would be hard to reverse.” A few weeks 
 later, in an interview with ScienceNews, Baltimore expanded on this 
claim:

Statements made  after the first summit and the second summit 
have avoided using the term moratorium. Consciously.  Because 
that word has been associated with very firm rules about what 
you can do and what you  can’t do . . .  That’s what’s wrong with 
a moratorium. It’s that the idea gets fixed in  people’s minds that 
 we’re making firm statements about what we  don’t want to do 
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and for how long we  don’t want to do it . . .  To make rules is 
prob ably not a good idea.

Again, the fault line is clearly over who should control of the pace 
of science— science or society?

Weighing in on the side of a moratorium, Francis Collins, director 
of the NIH, stipulated, “NIH strongly agrees that an international 
moratorium should be put into effect immediately.” “We have to 
make the clearest pos si ble statement that this [heritable  human 
genome editing] is a path we are not ready to go down, not now, 
and potentially not ever.” “If you use the m- word, it has a  little 
more clout.” No shrinking violet, Collins also did not shy away from 
naming the issue of power and criticizing  those whom he perceived 
as weary of sharing power: “They risk being seen as self- serving, as 
scientists who want to do science and  don’t want to have  others say: 
‘No, for now, you  shouldn’t.’”

Other organ izations that endorsed the call for a moratorium in-
cluded the International Rare Diseases Research Consortium, the 
Eu ro pean Society of  Human Reproduction and Embryology, and 
the Eu ro pean Society of  Human Ge ne tics. Several weeks later, on 
April 24, 2019, more than sixty prominent scientists, industry execu-
tives, and bioethics leaders in the United States sent a letter to Alex 
Azar, the US secretary of health and human services (copied to other 
US government officials) supporting the call for a binding global 
moratorium. The letter was organized by the American Society of 
Gene and Cell Therapy (ASGCT), and the signatories included cur-
rent and past ASGCT leadership. The letter included the following 
statement: “From our perspective, performing human germline clin-
ical experimentation of this kind is currently irresponsible, and we 
condemn it in the strongest possible terms. . . . We contend that such 
human genetic manipulation should be considered unacceptable and 
support a binding global moratorium until serious scientific, societal, 
and ethical concerns are fully addressed.” And, on May 9, 2019, the 
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German Ethics Council issued its report Intervening in the Human 
Germline, calling for “an international moratorium on the clinical 
applications of germline interventions in humans,” and recom-
mending “that the German Bundestag and the Federal Government 
work towards a binding international agreement, preferably under 
the aegis of the United Nations.”

• • •

Looking back at the 2015 International Summit statement On 
 Human Gene Editing, which recommends an ongoing international 
public forum to “engage a wide range of perspectives and expertise,” 
I am disappointed at the speed with which prominent members of 
the scientific community have moved prematurely away from the 
role of science diplomat to embrace more fully the role of issue ad-
vocate. My hope is that the multiple, repeated calls by individual 
scientists, professional science organ izations, national ethics organ-
izations, and transnational governance groups for a time- limited 
prohibition (for which some use the term “moratorium” while  others 
use the phrase “irresponsible at this time”)  will help create spaces 
in which science diplomats can work in tandem with ethics archi-
tects and civil society to explore policy options focused on under-
standing and promoting the common good for the commonweal.
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In 1959, the British physicist and novelist Charles Percy “C. P.” Snow 
delivered the Rede Lecture at Cambridge University. In his lecture, 
titled “The Two Cultures and the Scientific Revolution,” Snow identi-
fied a deep cultural divide between science and the humanities (the 
“two cultures” of the title). He specifically bemoaned the lack of sci-
ence literacy among  those he identified as literary intellectuals, many 
of whom he thought  were too quick to call scientists illiterate:

A good many times I have been pre sent at gatherings of  people 
who, by the standards of the traditional culture, are thought 
highly educated and who have with considerable gusto been ex-
pressing their incredulity at the illiteracy of scientists. Once or 
twice I have been provoked and have asked the com pany how 
many of them could describe the Second Law of Thermody-
namics. The response was cold: it was also negative. Yet I was 
asking something which is about the scientific equivalent of: 
Have you read a work of Shakespeare’s?

I now believe that if I had asked an even simpler question— 
such as, “What do you mean by mass, or acceleration?” which 

9
Ethicists, Science Policy, 
and Politics
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is the scientific equivalent of saying, Can you read?— not more 
than one in ten of the highly educated would have felt that I 
was speaking the same language. So the  great edifice of modern 
physics goes up, and the majority of the cleverest  people in the 
western world have about as much insight into it as their 
Neolithic ancestors would have had.

Had Snow been writing about biology instead of physics, the 
“even simpler question” might have been, “What do you mean by a 
gene, or a chromosome?” The culture of science, according to Snow, 
“contains a  great deal of argument, usually much more rigorous, and 
almost always at a higher conceptual level, than the literary persons’ 
arguments.” He goes on to describe literary intellectuals as “natu ral 
Luddites” and to cite  others who describe them as “po liti cally silly.”

In 1962, Frank Raymond “F. R.” Leavis roundly attacked Snow— 
both his work and his person. In his Richmond lecture at Downing 
College titled “Two Cultures? The Significance of C. P. Snow,” Leavis 
derided Snow and disparagingly referred to scientists as bright but 
illiterate. In response to Snow’s claim that no one at the literary party 
could explain the second law of thermodynamics, “the scientific 
equivalent of: Have you read a work of Shakespeare’s?,” Leavis 
noted: “ There is no scientific equivalent of that question; equations 
between  orders so disparate are meaningless.”

 Later, in 1963, Snow published a second edition of The Two Cul
tures, titled The Two Cultures: And a Second Look. In this book he 
introduced the notion of a third culture in which science and the 
humanities would be in direct conversation with each other. For 
many, the third culture posited by Snow never emerged and  today, 
according to British art historian Martin Kemp, “the rift between 
science and the humanities is real and urgent.”

From another perspective,  there is no chasm between science and 
the humanities. Lewis Thomas, an American physician and poet, has 
insisted that  there is “common earth beneath the feet of all the hu-
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manists and all the scientists, a single under lying view of the world . . .  
called bewilderment.” Indeed, in commenting on the C. P. Snow– F. R. 
Leavis controversy, Thomas argued: “We would be better off, if we 
had never in ven ted the terms ‘science’ and ‘humanities’ and then set 
them up as if they represented two dif fer ent kinds of intellectual en-
terprise.” Still  others, the American literary agent John Brockman 
among them, maintain that the rift between science and the human-
ities, though real, hardly  matters  because a dif fer ent culture has 
emerged in which scientists (including social scientists) are the new 
community of intellectuals “defining the in ter est ing and impor tant 
questions of our time.”

Among this new community of intellectuals are some scientists in-
terested in bridging the divide between science and the humanities 
(and more broadly “traditional culture”). Other scientists, however, 
are not so inclined. Among them is the Harvard psy chol ogy pro-
fessor Steven Pinker who, in the summer of 2015, published an 
opinion piece in the Boston Globe celebrating the anticipated ben-
efits of  human genome editing and calling on bioethics to “get out 
of the way.” In his words:

A truly ethical bioethics should not bog down research in red 
tape, moratoria, or threats of prosecution based on nebulous 
but sweeping princi ples such as “dignity,” “sacredness,” or “so-
cial justice.” Nor should it thwart research that has likely ben-
efits now or in the near  future by sowing panic about specula-
tive harms in the distant  future.  These include perverse analogies 
with nuclear weapons and Nazi atrocities, science- fiction dys-
topias like “Brave New World” and “GATTACA,” and freak- 
show scenarios like armies of cloned Hitlers,  people selling their 
eyeballs on eBay, or ware houses of zombies to supply  people 
with spare organs.

A similar sentiment, critical of bioethics and bioethicists, can be 
found in a 1997 Lancet editorial on the “ethics industry.” With 

 EBSCOhost - printed on 2/13/2023 6:23 AM via . All use subject to https://www.ebsco.com/terms-of-use



172 • Altered Inheritance

evident cynicism, the author comments on an upcoming conference 
or ga nized by the American Association for the Advancement of Sci-
ence to develop guidelines for  human germline research:

 There is apparently apprehension that germ- line intervention 
 will, in the  future, be used to enhance  human characteristics 
such as intelligence. The speakers (a substantial minority of 
whom are medically qualified)  will address topics such as “Is 
germ- line alteration ‘playing God?’ ” No doubt they  will pro-
duce recommendations high on rhe toric but low on impact. 
Practices that are disapproved  will have to be made illegal to 
stop them, and it would be a foolish government indeed to pass 
legislation to regulate an intervention that is in such an early 
stage of development . . .  the ethics industry needs to be rooted 
in clinical practice and not in armchair moral philosophy.

From dif fer ent perspectives, Pinker and the Lancet editor dismiss 
bioethicists as self- important bio- Luddites standing in the way of sci-
entific pro gress.

Interestingly, at the other extreme are  those who criticize bioethi-
cists for all too enthusiastically and uncritically embracing frontier 
science to the point of “proselytizing rather than critically probing.” 
 These bioethicists, who grease the wheels of science, have been 
derisively characterized as “handmaidens, servants, balm, show dogs, 
institutional graphite . . .  evocative terms [used to] capture the notion 
of the bioethicist as servant, parasite, shill, and sellout.”

In the face of such disdain, it is perhaps not surprising that bio-
ethical successes in the realm of policymaking have been few and 
fleeting. The prob lem runs deeper than disciplinary derision, how-
ever. To be frank, bioethicists’ past contributions to policy delibera-
tions have not always been helpful. In some cases, bioethicists have 
clung to the notion that their role is merely to ask questions and 
identify issues, leaving policymakers, legislators, and members of the 
public adrift without the benefit of analy sis or advocacy. In other 
cases, bioethicists (perhaps especially  those trained in the humani-
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ties) have expounded their theoretical positions without helping 
 others understand them. In still other cases, the theoretical positions 
have been explained but do not attend to the limitations of policy-
making pro cesses that  favor the interests of the highly educated, the 
prosperous, and the power ful. And among  those bioethicists who 
have championed specific policy options, some have not always paid 
attention to how their views could result in harmful outcomes in sit-
uations where  there are systemic structural inequalities that cause 
injustice. One example of this is bioethicists defending the commer-
cialization of pregnancy without squarely addressing the power im-
balance between the buyers (the intended parents) and the sellers 
(the  women who contract to bear and birth  children for a fee). An-
other example is bioethicists claiming that killing newborns should 
be permissible in the same circumstances as abortion for social and 
medical reasons, without attending to the policy implications of their 
argument. Against this backdrop, it is reasonable to ask  whether 
 there is a useful (and legitimate) role for bioethics experts in science 
policy and politics.

For many, the very idea that  there are bioethics experts is incon-
gruous. What can it mean, some  will ask, to be an expert in bio-
ethics when ethics is about values and opinions, not about objective 
facts or ethical truth(s)? Answering this question begins with con-
testing the erroneous belief that experts are, by definition, persons 
with access to truth(s). Consider, for example, architecture.  There 
are individual architects with exceptional knowledge, skills, and art-
istry whom we recognize as experts in the field without at the same 
time assuming that they have privileged access to the truth about the 
most beautiful building in the world. That is, we  don’t expect of 
them an authoritative answer to the question: “Which is more 
beautiful— the Taj Mahal, the Hagia Sophia Museum, the Guggen-
heim Museum Bilbao, or La Sagrada Familia?” Regardless of any 
opinion they might offer, this would not change their status as 
expert. Similarly, bioethics experts can be persons with unique 
knowledge, skills, and creativity in ethics and morality who merit 
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the designation of expert without them having to feign privileged 
access to the truth about right and wrong.

As I first argued some thirty years ago, bioethics experts are  people 
who are particularly knowledgeable about, and skilled interpreters 
of, major ethical princi ples, concepts, and theories, and they know 
when and how to use them to address ethical prob lems. The “knowl-
edge” they have mastered is not technical knowledge about how to 
subsume moral data  under a par tic u lar moral theory to find “the 
answer,” but rather practical knowledge about how to reflect 
thoughtfully (in a careful, focused way) on the values and aims of 
 those involved in an ethical inquiry, debate, or conflict. In a prac-
tical setting, such as a clinic, research fa cil i ty, or policy institute, this 
practical knowledge demands understanding and open engagement 
with  others in an effort to develop helpful solutions to ethical quan-
daries. In addition, bioethics experts have considerable theoretical 
and historical knowledge that allows them not only to place con-
temporary ethical controversies in a broader context, but also to 
draw from past ethical failures and successes.

Further, for practicing bioethicists— for example,  those involved 
in clinical or policy consultation— bioethics expertise requires cer-
tain personal attributes (character traits) including wisdom, justice, 
veracity, fidelity, courage, endurance, patience, temperance, com-
passion (kindness, charity), humility, and integrity.  These character 
traits are manifest in a unique willingness to consider ethical issues 
from a range of perspectives, a commitment to be transparent about 
one’s personal and professional biases, and a readiness to build on 
the work of  others. As well, bioethics experts working in an applied 
context require considerable interpersonal, communication, and lis-
tening skills.

 Here I propose four idealized roles for bioethics experts: ethics 
theorist, ethics analyst, issue advocate, and ethics architect. As I 
imagine them,  these roles are similar to their science counter parts, 
but the experts draw on dif fer ent areas of expertise. In the first of 
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the ethics roles— ethics theorist— bioethicists are at the periphery 
of the policymaking pro cess in their  limited role as knowledge pro-
ducers. In the second role— ethics analyst— bioethicists are minimally 
engaged in the policymaking pro cess, as resource persons and inter-
preters. And in the issue advocate and ethics architect roles, bio-
ethicists are in the thick of it all. Ethics issue advocates, like science 
issue advocates, work to reduce the range of policy options  under 
consideration so as to keep the policymaking focused on their pre-
ferred option(s). In contrast, ethics architects are committed to ex-
panding the range of participants in policymaking pro cesses as a 
way of expanding the range of information, ideas, and values under 
consideration, so that all of us— experts and nonexperts— can con-
tribute meaningfully to the policymaking pro cess. This may involve 
empowering voices at the margins so that they may help craft cre-
ative options, and creating opportunities for collective consensual 
decision- making that are respectful of difference.

Ethics Theorists.  Bioethics experts in the idealized role of ethics 
theorist have no interest in (and perhaps only  limited awareness of) 
policymaking endeavors. They are narrowly concerned with theo-
retical consistency and conceptual clarity— for example, they may 
have a keen interest in debates about the strengths and weaknesses 
of vari ous ethical theories, the meaning and scope of distributive jus-
tice as compared with social justice, or types of slippery slope argu-
ments. In pursuing one or more of  these interests, ethics theorists 
contribute to the fount of knowledge available to policymakers, leg-
islators, and members of the public— all of whom may use that 
knowledge for policy work as they see fit.

Consider, for example, a slippery slope argument against heritable 
 human genome editing. Proponents of such an argument might 
suggest that while  there may be nothing ethically wrong with 
genet ically modifying  human embryos to correct faulty genes (such 
as the gene for cystic fibrosis, sickle cell anemia or Huntington’s 
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disease), if potential parents are allowed to do this, slowly but 
surely they  will come to use heritable genome editing to correct 
genes they consider “undesirable” (for example, obesity), or to in-
troduce genes they consider “desirable” (for example, endurance). 
This picking and choosing of specific traits and capabilities  will re-
sult in designer babies and a new kind of techno- eugenics (as repre-
sented in the movie GATTACA). The way to avoid this ethically 
worrisome outcome is to prohibit all heritable  human genome 
editing— even to correct faulty genes.

Policymakers, legislators, and members of the public who may be 
inclined to support some but not all germline modifications may be 
unsure about the merits of this argument and may won der about 
the likelihood of the predicted dire consequences. Are designer babies 
and techno- eugenics inevitable, or merely plausible? In contemplating 
this question, it may be helpful to know that  there are dif fer ent 
types of slippery slope arguments.

 There is, for example, the conceptual or logical slippery slope ar-
gument, according to which once an all- important first step has been 
taken, one is logically committed to all subsequent steps (thereby 
sliding to the bottom of the slope),  unless  there is a sufficient logical 
reason to refuse taking one or more of the subsequent steps.  Because 
this type of slippery slope argument is about the logic of justification, 
the way to avoid sliding down the slope is to introduce, from the 
beginning, a non- arbitrary bright line that no one steps over.

By comparison, the psychological slippery slope argument rests 
not on logic, but on prediction— the prediction that for psycholog-
ical reasons one practice  will lead to another. To explain, the guiding 
belief is that once a certain practice is widely accepted,  people  will 
go on to accept other, similar practices  because they  will fail to see 
any meaningful (morally weighty) distinction between them. That 
is, accepting one practice psychologically prepares us to accept an-
other practice (that may be ethically dubious). The focus  here is on 
predictions about “what  will prob ably happen,” not “what the 
princi ples and rules logically imply.”
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Policymakers, legislators, and members of the public may benefit 
from knowing about  these dif fer ent types of slippery slope argu-
ments when trying to assess the merits of dif fer ent policy options. 
Help in understanding and applying the distinctions  will not come 
from ethics theorists, however,  because they function as knowledge 
producers, not knowledge purveyors. Among the knowledge pur-
veyors are the ethics analysts who are well-poised and well-suited 
to explain such distinctions.

Ethics Analysts.  Like ethics theorists, ethics analysts are experts in 
their field, are interested in evidence and argument, and steer clear 
of po liti cal activism. Unlike ethics theorists, however, ethics analysts 
contribute to policymaking, in a  limited way, by providing resources; 
by clarifying theoretical perspectives, concepts, issues, and options; 
and by exposing under lying values— thereby helping to improve 
ethics literacy among policymakers, legislators, and members of the 
public.

In par tic u lar, some ethics analysts have an interest in critically ex-
amining the implications of moral theories, historical pre ce dents, 
and value assumptions. Some years ago, the American phi los o pher 
K. Danner Clouser described this as an interest, on the part of ethi-
cists, “in picking through the thicket, trying this or that princi ple, 
following out this or that line of reasoning, exploring vari ous con-
cepts, interpretations, definitions, and perspectives.” This description 
aptly fits the role of ethics analyst, who wants to avoid being drawn 
into po liti cal debate about normative questions, preferring instead 
a role on the sidelines as an active, reliable resource person, inter-
preter, technical adviser, and facilitator.

Ethics analysts do not weigh in on policy debates about  whether 
heritable  human genome editing should be permitted or prohibited. 
Instead, as needed, they aim to improve decision- making by promoting 
theoretical consistency, providing conceptual clarity, and encour-
aging discussion of foundational assumptions. It is within this frame 
of reference, for example, that ethics analysts, unlike ethics theorists, 
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would endeavor to help policymakers, legislators, or members of 
the public understand the dif fer ent slippery slope arguments com-
monly introduced in debates about the ethics of germline genome 
editing.

With the logical slippery slope, it is said that the way to avoid 
sliding down the slope to designer babies and techno- eugenics is to 
introduce, from the beginning, a non- arbitrary bright line between 
morally acceptable and unacceptable germline modifications. One 
proposed moral demarcation line is the line between “treatment” 
and “enhancement.” According to some, however, this is no bright 
line. As Lee Silver explains:

It is impossible to draw the line in an objective manner. In  every 
instance, ge ne tic engineering  will be used to add something to 
a child’s genome that  didn’t exist in the genomes of  either of its 
parents. Thus, in  every case, ge ne tic engineering  will be ge ne tic 
enhancement— whether it’s to give  children something that 
other  children  didn’t receive naturally, or to give them some-
thing entirely new.

Nathaniel Comfort, with rhetorical flourish, goes further to make 
the same point with reference to prevention, treatment, and enhance-
ment: “How can we distinguish between preventing heart disease 
and minimizing the consequences of a poor diet? Would reducing 
the chances of alcohol abuse be therapy or enhancement? In the 
end, no logical friction can slow the slide from prevention to 
 enhancement—or from the individual to the population.”

Following Silver, Comfort, and  others, use of  human germline ge-
nome editing inevitably  will lead to designer babies and techno- 
eugenics  because the line between “treatment” or “enhancement” is 
blurred (or fuzzy).

An alternative, arguably more robust demarcation line is the line 
between somatic cell and germline genome editing. If somatic cell 
genome editing  were permitted, then  people could pursue health- 
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related or non- health- related interventions (which some  people 
might still think of in terms of “treatments” or “enhancements.” And 
if germline genome editing  were prohibited, then designer babies 
and techno- eugenic consequences could be avoided.

This analy sis is not consistent, however, with the psychological 
slippery slope, where it is believed that accepting somatic cell genome 
editing psychologically prepares us to accept germline genome ed-
iting for designer babies. If it is acceptable to correct a faulty gene in 
a patient, why not also correct that gene in the patient’s  future 
 children? Why correct faulty genes one generation at a time? This 
kind of thinking  will lead some to move from somatic cell genome 
editing in patients to germline genome editing for reproduction. 
Once this step is taken, it  will not be difficult to take the next step and 
to permit both types of genome editing for both health- related and 
non- health- related purposes. In support of this view, the ethics 
analyst might suggest that shifting practices surrounding preimplan-
tation ge ne tic diagnosis and prenatal ge ne tic testing are instructive, 
insofar as they show how easy it is to slide from using a technology to 
prevent the birth of  children with a serious ge ne tic disease to using 
that same technology to prevent the birth of  children with a ge ne tic 
condition that is not a disease (as happens, for example, with sex 
se lection in the absence of a sex- linked ge ne tic disease).

More generally (beyond a discussion of slippery slopes), ethics 
analysts can contribute to policy debates on the ethics of genome 
editing by reviewing the limits of certain theoretical frameworks 
such as utilitarian thinking; explaining the difference between posi-
tive and negative eugenics; discussing the notion of a right to an open 
 future; and critically examining such issues as informed consent, 
confidentiality, the public interest, and the common good. In this 
way, the idealized role of the ethics analyst is arguably preferable to 
that of ethics theorist, insofar as policymakers, legislators, and mem-
bers of the public are not left entirely to their own devices in iden-
tifying and unpacking the ethical issues and options.
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Issue Advocates.  Unlike ethics theorists and ethics analysts, issue 
advocates welcome the opportunity to actively participate in the pol-
icymaking pro cess, and they do not shy away from normative is-
sues. They are aligned with a par tic u lar set of interests and perhaps 
a par tic u lar ethical theory (or perspective), and they are particularly 
keen to persuade policymakers, legislators, and members of the 
public about the merits of one or more policy options that over lap 
with their interests. In this way, ethics issue advocates, like science 
issue  advocates, aim to narrow the scope of policy options  under 
consideration.

In policy debates about heritable  human genome editing, issue 
advocates might argue for the use of this technology, insisting that 
it is not wrong for prospective parents to choose the ge ne tic charac-
teristics of their  children (and their  children’s descendants), provided 
the desired changes are not harmful to the  children. Or issue advo-
cates might argue against heritable  human genome editing as a form 
of eugenics and highlight the significant risk of increased discrimi-
nation  toward  those who are already vulnerable and marginalized. 
In a recent pro and con article published in National Geographic, 
John Harris, a British phi los o pher and longtime proponent of all 
 things ge ne tic, defended the claim that  human germline editing 
“could potentially decrease, or even eliminate, the incidence of many 
serious ge ne tic diseases, reducing  human suffering worldwide.” On 
the other side of the debate, Marcy Darnovsky, the executive director 
of the Center for Ge ne tics and Society in the United States, under-
lined a number of profound societal and po liti cal issues at stake, 
including the “emergence of a market- based eugenics that would ex-
acerbate already existing discrimination, in equality, and conflict.”

Among the issue advocates are the social reformers.  These bio-
ethics experts aim to improve social systems and background soci-
etal conditions for  those who are unjustly disadvantaged or margin-
alized. Their advocacy is narrowly informed by a deep commitment 
to the betterment of humanity. Among the social reformers are fem-
inist bioethicists, communitarians, and  others who explic itly try to 
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correct morally unjust situations by eliminating injustice within so-
cietal institutions, common practices, and public policies. As phi-
los o pher and feminist bioethicist Susan Sherwin and I have argued 
previously,  these bioethicists are first and foremost “committed to 
recognizing and redressing power imbalances and reducing inequi-
ties that are established and maintained by societal, po liti cal, eco-
nomic, and other structures.” In their role as advocates, they work 
to ensure that the views, values, and interests of  others (especially 
 those who are unjustly disadvantaged and are unwilling or unable 
to advocate on their own behalf) are fairly represented and duly con-
sidered. Invariably this requires attention not only to the issue at 
hand, but also to the background societal conditions that limit poli-
cymaking to privileged elites.

The overarching goal for social reformers is to ensure that discus-
sion and debate about the ethics of heritable  human genome editing 
take into consideration our common humanity and our common vul-
nerability. The challenge for social reformers is ensuring that their 
advocacy is autonomy- enhancing and does not contribute to (or 
mirror) existing patterns of oppression through misunderstanding or 
misrepre sen ta tion. It is impor tant, and appropriate, to ensure proper 
repre sen ta tion of the views, values, and interests of all, including  those 
who are unwilling or unable to advocate on their own behalf.  There 
are many reasons why  people may be reluctant to speak out, but their 
silence does not mean that they do not have something to contribute. 
Equally impor tant is the obligation to find ways to speak “with,” not 
“for”  those who are willing and would be able to speak on their own 
behalf if only appropriate time and space  were made available.

Ethics Architects.  In the idealized role of ethics architect, the over-
arching goals are to maximize participation in policymaking pro-
cesses, to preempt anticipatory exclusion, and to cultivate harmo-
nious collective decision- making by identifying common points of 
interest and convergence. Unlike issue advocates, who aim to 
narrow the scope of policy options, ethics architects work to refine 
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the range of options by creating inclusive, integrated, and welcoming 
deliberative spaces where all can be heard, especially  those who are 
members of vulnerable, historically disadvantaged groups. Ethics 
architects do so by reimagining and reconfiguring the literal and 
figurative spaces in which policymaking happens, with a view to 
expanding the range of  people able to contribute to policy discussions. 

In 2016, I was a speaker at the Falling Walls conference in Berlin—
an annual meeting held on the anniversary of the Berlin wall coming 
down. Speakers are invited to answer the question “Which are the 
next walls to fall in science and society?” I spoke about the need to 
take down the walls between science (scientists), the biotechnology 
industry (biotechnology executives), government (policymakers), 
and the public. I invited the audience to imagine a world in which 
everyone could participate in the conversation about the future of 
human genome editing. I suggested that this would require taking 
down the walls around the laboratory and the boardroom. These 
are not welcoming spaces for those who lack specific credentials; 
moreover, at the present time, these are heavily gendered spaces. I sug-
gested moving the conversation to the kitchen—a familiar space for 
most people where we typically share sustenance and conversation. I 
then suggested we might even want to escape these walls and move 
the conversation outside where we could have a picnic.

Depending upon the circumstances, this inclusive strategy is likely 
to eliminate or enrich existing policy options, and possibly introduce 
new policy options. Ethics architects also try to change practices, 
institutional structures, and (perhaps most importantly) mindsets 
so that all can be heard, including small voices at the margins. For 
example, including socially and economically disadvantaged women 
in certain policy deliberations might helpfully shift ideas about ex-
isting legal restrictions on women’s reproductive choices. Similarly, 
including people with disabilities in policy discussions about genetic 
modification might usefully challenge ideas about the desirability 
of preventing sensory deprivation conditions such as deafness and 
blindness.
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 Here it is impor tant to acknowledge the meaningful and impor-
tant differences between belief systems and values held by members 
of vari ous religious, cultural, ethnic, socioeconomic, po liti cal, and 
other communities. Differences in participants’ abilities, sexual ori-
entation, gender identity, and national identity may add further com-
plexity. Ethics architects attempt to introduce ethical pro cesses that 
can be attentive to the considerable diversity of lived experiences, 
perspectives, priorities, and communication styles. In so  doing, they 
aim to prevent anticipatory exclusion, which occurs when  people 
choose not to contribute to discussion and debate  because they be-
lieve their interests and concerns  will not be given fair consideration. 
In search of harmony, ethics architects look to identify common 
values that can usefully inform integrity- preserving compromise.

All told, ethics architects are responsible for creating real and 
meta phorical spaces for collaborative, fair, and inclusive dialogue 
where learning can happen. They are also responsible for designing 
sound ethical pro cesses in support of such dialogue. In this way, 
ethics architects aim to empower policymakers, legislators, and 
members of the public by enriching, not directing, the policymaking 
pro cess.  Because of  these responsibilities, ethics architects do not, at 
the outset, champion any specific policy option. As discussions pro-
ceed, however, some ethics architects may elect to also assume the 
role of issue advocate or social reformer in an effort to advance one 
or more policy options.

It is in the roles of social reformer and ethics architect that I con-
tinue to insist on the need for broad societal consensus on heritable 
 human genome editing. I believe it is critically impor tant to en-
courage respectful dialogue and promote public empowerment as 
we strug gle together to determine  whether— and if so, how—we 
might all benefit from heritable  human genome editing.

• • •

The idealized roles of social reformer and ethics architect speak 
to the need for a new kind of bioethics— one that can effectively 
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address our societal ills. I call this new bioethics “Impact Ethics.” I 
use the term “Impact Ethics” for myriad reasons: to valorize 
speaking truth to power notwithstanding constant setbacks and 
criticisms; to underscore the importance of challenging dominant 
narratives and frames of reference; and to motivate others to exer-
cise their moral imagination. More broadly, I use this term to cap-
ture a values-based approach to policy-oriented bioethics where the 
principal values are innovation, responsibility, and accountability.

An acclaimed example of innovative bioethics, as practiced by 
feminist bioethicists, eschews the traditional understanding of au-
tonomy as that which is enjoyed by in de pen dent, competent, rational 
individuals. It  favors a relational understanding of autonomy that 
explic itly embraces the notion of persons as interdependent rela-
tional beings and recognizes that autonomy is, in impor tant re-
spects, a product of social relations. According to this view,  people 
are socially, po liti cally, and eco nom ically situated beings who de-
velop their interests and values in conversation and interaction with 
 others. This relational understanding of autonomy draws our atten-
tion to the less familiar, but no less impor tant, concepts of neigh-
borliness, reciprocity, social solidarity, and community— concepts 
that underpin any clear commitment to social justice. In turn, this 
helps us to think more clearly about the ways in which policy de-
cisions  will differently affect persons who are differently situated.

Innovative bioethics prizes the moral imagination. It invites us to 
consider contentious ethical issues outside the dominant frames of 
individual liberty and the market economy— frames that undergird 
our con temporary understanding of the public interest— and instead 
explore the implications of a commitment to the common good. 
Whereas the public interest can be narrowly about due pro cess, ma-
jority opinion, or a favorable harm- benefit ratio for the majority, the 
common good promotes the welfare interests of us all. Ready exam-
ples of the common good in the context of public health are clean air 
and freedom from nuclear war— because  these are goods that cannot 
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be enjoyed by some without at the same time being enjoyed by all. 
The common good, unlike the public interest, is not some aggregate 
or amalgam of the autonomy and liberty interests of some among us.

From this perspective, innovative bioethics invites an exploration 
of a new motif for the work of bioethics— that of the kaleidoscope, 
which offers infinite possibilities for new combinations, or in this 
case, increased opportunities for novel approaches in pursuit of fair 
and just science policies that recognize how “much of who we are 
and what we value is rooted in our relationships and affinities with 
 others.” In sharp contrast, mainstream bioethics  will sometimes 
blindly advance the liberty interests of privileged individuals, even 
when the collective interests of local communities or even the entire 
global population outweigh  these interests.

A second defining feature of Impact Ethics is “responsible bio-
ethics,” which requires sensitivity to the real world of policymaking 
and politics. This can be particularly challenging for bioethicists 
trained in the humanities. Indeed, more than thirty years ago, the 
American phi los o pher Dan Brock identified “a deep conflict between 
the goals and constraints of the public policy pro cess and the aims 
of academic scholarly activity in general and philosophical activity 
in par tic u lar.” Whereas academic phi los o phers may follow argu-
ments and evidence wherever they may lead,  those responsible for 
public policy do not have the luxury of engaging ethical questions 
as in ter est ing puzzles to be solved over time. Policymakers must 
respond to policy issues in a timely manner and in so  doing must 
attend to the  actual consequences of their policy choices, which 
may or may not have been anticipated.

Responsible bioethics also requires skilled prac ti tion ers capable 
of facilitating, when appropriate, integrity- preserving compromises— 
that is, productive discussions where all parties can “reach for com-
promise” without any of the parties “being compromised.” When 
moral princi ples are at issue, action is required, and deliberative pro-
cedures fail, the challenge for all is how best to move forward when 
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we may not all agree on what “forward” means. What this par tic-
u lar challenge makes plain is that in addition to personal integrity, 
responsible bioethics requires interpersonal integrity. Following the 
American phi los o pher Margaret Urban Walker, it is helpful to think 
about interpersonal integrity as a kind of reliable accountability. 
What  matters  here is adherence to a chosen set of values and princi-
ples (preferably  those that promote social justice). In this way, inter-
personal integrity is not just about principled consistency, but also 
about other- regarding commitments. This speaks to the need to move 
beyond what might be described as “quandary ethics” in order to 
meaningfully focus on what kind of  people we are, and what kind of 
 people we want to be, as we strug gle to be reliable, responsive, and 
just in our dealings with  others.

A third defining feature of Impact Ethics is accountability. Ac-
countability is a notoriously difficult concept to define. My starting 
assumption is that bioethicists engaged in policy consultation must 
be accountable to all  those potentially affected by policy delibera-
tions and outcomes. At a minimum, this accountability requires 
transparency and reason- giving when positions are taken and 
policy options are advanced. Bioethicists engaged in policy consul-
tation should also be accountable for the research programs they 
undertake.

As for accountability to  others, what  matters is the depth of per-
sonal engagement and the attention given to the beliefs and values 
of other  people—in par tic u lar the beliefs and values of  those who are 
systematically disadvantaged through existing economic, societal, 
and po liti cal practices and institutions. From a pro cess perspective, 
the importance of broad and meaningful public consultation to 
better understand and be able to address the interests of all cannot 
be overstated. This is not about convening panels of prominent sci-
entists, clinicians, and ethicists and providing them with data from 
public surveys or public engagement initiatives. Rather, as the Amer-
ican po liti cal theorist and feminist, Iris Marion Young, would have 
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us understand, this is about developing ways to “bring all poten-
tially affected parties or their representatives into a public delibera-
tive pro cess.” Accountable bioethics supports collective efforts to 
contribute to, as well as examine and assess, quality evidence and 
argument. It also focuses on decision- making by harmonious agree-
ment. What  matters when assessing frontier science such as heri-
table  human genome editing is to not lose sight of the fact that every-
thing is connected to every thing  else, and that decisions in the realm 
of science policy have implications for decision- making in other 
realms such as health, social ser vices, and education.

In addition, bioethicists should be accountable for the level of ex-
pertise they bring to policy deliberations. This should include a 
deep understanding of relevant theoretical, historical, factual, and 
practical issues. The concern  here is with  those who presume to have 
ethics expertise on most (if not all) topics, and who fail to appre-
ciate the depth and range of knowledge and experience needed to 
advise on par tic u lar policy  matters. Bioethicists should also be ac-
countable for how they contribute to the framing of policy issues 
and options, making sure to address systemic economic, societal, and 
po liti cal injustices instead of taking  these for granted. As I have 
argued  here and elsewhere, bioethicists have an obligation to ques-
tion the dominant assumption that  human flourishing should be 
mea sured in socioeconomic terms with a focus on productivity and 
material goods.

Impact Ethics is innovative, responsible, and accountable. It is a 
bioethics that should be taken seriously by the scientific community 
and, most especially, by the likes of Steven Pinker. Its aim is not to 
obstruct scientific pro gress, but to place science in a broader socio-
cultural context and to ensure that a wide range of interests, beliefs, 
and values inform our understanding of what constitutes pro gress 
and how best this can be achieved for all of us.
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I am standing on the plaza outside the Francis Crick Institute in 
London,  England, staring at Paradigm, an impressive fourteen- 
meter- high sculpture made of weathered steel. The artist, Conrad 
Shawcross, describes it as a “meta phor for potential; the potential 
to grow, to take risks, to be bold and brave.” When I look at this 
sculpture, I see something very dif fer ent: a massive structure with 
a small footprint that might just come crashing down. Then what? 
I turn away from the sculpture and enter the building, which features 
a lot of glass and chrome— a stark contrast from the weathered steel.

I introduce myself at the reception desk and am invited to take a 
seat. I have a scheduled meeting with Kathy Niakan, an American- 
born developmental biologist whom I have never met. I have known 
about her work since 2015 when she first applied to the  Human 
Fertilisation and Embryology Authority (HFEA) for approval to 
genet ically modify  human embryos; permission for this work was 
granted in February 2016. Niakan greets me and takes me through 
security to her office. We have a meandering conversation, mostly 
about her research involving  human embryos. I find her warm and 
gracious.

10
“All of Us” for “Us All”
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A few days  after this meeting, I read an online news story about 
an article Niakan has just published in Nature. I am surprised.  There 
was no hint of this forthcoming publication when we met. I email 
her to ask for a second meeting. When we meet again, Niakan of-
fers a genuine apology for not having mentioned the article. Now 
happy to share all kinds of detailed information, she even provides 
generous editorial feedback on a short commentary I was writing 
to explain how her research, which aims to improve our under-
standing of  human embryonic development, differs from other 
germline editing research on correcting faulty genes.

I have since had many opportunities to reflect on  these two en-
counters. I am used to receiving embargoed information about con-
troversial frontier science. This gives me time to prepare an informed 
opinion for media outlets. Why  didn’t Niakan trust me with infor-
mation about her Nature publication? An obvious answer to this 
pointed question is that she  didn’t know me— I was a stranger to 
her—so she  couldn’t possibly know if I was trustworthy. I under-
stand this, but then I ask myself, do scientists understand why the 
general public does not always trust them and their science? In my 
experience,  there is very  little transparency in science and, as a re-
sult, sometimes very  little accountability. For many, this combina-
tion seeds distrust.

• • •

In 1967, the American biochemist and ge ne ticist Marshall Niren-
berg— who would  later be awarded a Nobel Prize for his work in 
“breaking the ge ne tic code”— penned an editorial in Science calling 
on humankind to take care in deciding how best to control our bio-
logical  future. Nirenberg predicted that we would soon have the 
power to shape our biological destiny, and he argued that such power 
should be used for the benefit of humankind, as determined by an 
informed society. In the words of his time ( today we would write 
“ human” instead of “man”), he wrote:
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New information is being obtained in the field of biochemical 
ge ne tics at an extremely rapid rate. Thus far, this knowledge has 
had relatively  little effect upon man. More information must 
be obtained before practical application  will be pos si ble, and 
the technical prob lems that must be overcome are formidable. 
However, when  these obstacles have been removed this knowl-
edge  will greatly influence man’s  future, for man then  will have 
the power to shape his own biologic destiny. Such power can 
be used wisely or unwisely, for the betterment or detriment of 
mankind . . .

The point which deserves special emphasis is that man may 
be able to program his own cells with synthetic information 
long before he  will be able to assess adequately the long- term 
consequences of such alterations, long before he  will be able to 
formulate goals, and long before he can resolve the ethical and 
moral prob lems which  will be raised. When man becomes ca-
pable of instructing his own cells, he must refrain from  doing 
so  until he has sufficient wisdom to use this knowledge for the 
benefit of mankind. I state this prob lem well in advance of the 
need to resolve it,  because decisions concerning the application 
of this knowledge must ultimately be made by society, and only 
an informed society can make such decisions wisely.

In other words, decisions about the use of ge ne tic technologies in 
 humans are too impor tant to be left to scientists.

Fifty years  later, at the 2017 annual meeting of the American As-
sociation for the Advancement of Science in Boston, I listened to 
Venki Ramakrishnan, president of the Royal Society of the United 
Kingdom, share similar views about collective responsibility and col-
lective decision- making for the betterment of humankind. In his 
words,

When considering what we can do with technology we also 
need to consider what we should do. This is not something that 
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should be de cided by a small group of  people in a small group 
of nations  because new technologies  will affect us all . . .

As ge ne tic technologies continue to develop, it is impor-
tant that we discuss how we use them and where we want 
them to take us. For example, have we moved—or should we 
aim to  move— from observing, preserving, and controlling 
nature to creating, directing, and sculpting it and ourselves?

Once again, the message is that decision- making about the ethics and 
governance of ge ne tic technologies is not the purview of a select few.

This push to include the public in decision- making about the use 
of ge ne tic technologies has led scientists, policymakers, and  others 
to undertake a range of public education initiatives on  human ge-
nome editing. On the assumption that public uncertainty and skep-
ticism about genome editing is largely due to inadequate or incom-
plete information, many such initiatives have been or ga nized around 
the idea that if citizens understood the science and technology, they 
would support it. But this approach is seriously flawed insofar as it 
assumes that failure to support heritable  human genome editing is 
due to ignorance and emotion. There are many reasons why indi-
viduals and groups  don’t “get  behind” this technology. In addition to 
specific ethical objections,  these reasons include mistrust of scientists, 
dif fer ent understandings of pro gress and prosperity, categorical ob-
jections to scientific hubris, and disagreement about the scope of 
“freedom of research.” Meanwhile,  others question the value of re-
medial public education, insisting that the relevant science is far too 
complex for lay  people to understand. Yet evidence suggests that 
ordinary citizens can understand complicated science well enough to 
usefully debate issues of ethics and governance.

While some  people seek to improve the quality of public educa-
tion, and  others dispute the value of such efforts, still  others seek to 
move from public education (which is unidirectional) to public en-
gagement (which is bidirectional). Genuine public engagement aims 
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to involve the public in dialogue and thereby to facilitate a mean-
ingful exchange of views, values, and priorities. As with public edu-
cation initiatives, however,  these efforts can also be seriously flawed. 
This is  because more often than not, public consultations are at the 
discretion of policymakers, and frequently  there is no robust mech-
anism in place for translating the views that have been elicited in 
public dialogue into public policy development. As a result, too often 
the public’s contribution is  limited to “informing the policy environ-
ment,” which can mean almost anything (and nothing). This limita-
tion is particularly acute when the effort at public engagement is 
managed by governmental or professional organ izations instead of 
community- based organ izations. If policymaking authorities main-
tain a firm hold on power, which often happens when they design, 
fund, and manage public engagement exercises, meaningful public 
dialogue can be a challenge. Barriers to such dialogue include the 
location and timing of meetings, mandatory registration, preset 
agendas and objectives, prepackaged information, and staged facili-
tation exercises.

To illustrate just one of  these challenges, consider agenda setting. 
A public engagement exercise may have a stipulated goal to “make 
evidence- based recommendations for policymakers, industry and the 
research community.” Given half a chance, however, the participants 
in the exercise might have preferred to “make value- based and 
evidence- informed recommendations for clinicians, researchers, and 
policymakers.” Or they might have had a more modest goal, “to 
learn, to reflect, and to learn some more.” When the participants in 
a public engagement initiative are not involved in setting the agenda 
and  there are disparate views about what the goal(s) of engagement 
should be, frustrations are sure to arise. As a result, meaningful con-
sultation may be reduced to a rote exercise in which disparate views 
are simply corralled in order to satisfy a preset agenda.

One way to avoid this sort of collapse is to improve on current 
efforts at public education and public engagement by embracing 
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public empowerment. The overt goal of public empowerment is to 
strengthen conditions for autonomy and agency with an eye to 
sharing power. In this way, power ful interests and the broad public 
would hold more or less equal status and equal sway in ethics dis-
cussions and policy debates. A commitment to public empowerment 
is informed by two discrete but related beliefs. The first belief is 
that it is unwise (perhaps even dangerous) to have power concen-
trated in the hands of too few. The second belief is that shared power 
is essential for achieving a balanced understanding of the scientific, 
societal, cultural, po liti cal, and economic consequences of vari ous 
policy options and opportunities. Moreover, with public empower-
ment it is sometimes easier to recognize and attend to the fact that 
 there is no one monolithic public. For example, when considering 
the ethics and governance of heritable  human genome editing,  people 
 will use their own experiences as a guide. This may include personal 
and familial lived experience with ge ne tic illness, and  will certainly 
include lived experience informed by demographic  factors like gender, 
age, religion, ethnicity, ability, education, and politics, as well as dif-
fer ent (perhaps overlapping) social and po liti cal group membership 
or networks.

Consistent with this view is the commitment to ensure that global 
citizens of all walks of life are afforded an opportunity to meaning-
fully contribute to discussion, debate, and decision- making. Changes 
to the  human genome are changes that  will affect us all. Thus we all 
have a shared responsibility to think carefully about our  future and 
how we might want to direct it. The key issue before us is  whether 
humanity should deliberately try to refashion itself, given all of the 
potential harms, including the risk of extinction.

Public empowerment is a novel but necessary progression from 
public engagement in policymaking. This is work that can usefully 
be done by “all of us” on behalf of “us all”— not just scientists and 
ethicists, but every one. For some time now, social reformers of all 
stripes have been calling for meaningful, collaborative, fair, and 
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inclusive discussions on heritable  human genome editing and the 
 future of humanity. The goal is for all of us who may be affected by 
policy choices concerning the ethics and governance of heritable 
 human genome editing— which is to say “all of us”—to have time 
and space to contribute to global deliberations.

The hoped- for overarching benefit of public empowerment is the 
development of long- lasting, mutually respectful, trusting relation-
ships between and among scientists and vari ous public groups. 
Should  these relationships develop, we may yet be able to create a 
better world—as much  because of the pro cess of respectful dialogue 
and collaborative, shared decision- making, as  because of any out-
come this pro cess might generate.

• • •

In December 2016, the Observatori de Bioètica at the University of 
Barcelona issued a report titled Document on Bioethics and Gene 
Editing in  Humans. In calling for reasoned public involvement in 
the debate on bioethics and gene editing, its authors  were clear: “The 
media and the public must be involved in an inclusive, forward- 
looking and informed social debate, which  will foster public re-
search policy based on a re spect for  human rights and oriented 
 toward justice and equality.”

Shortly thereafter, in February 2017, the US National Academies 
report  Human Genome Editing was published. It affirmed that 
“public engagement is always an impor tant part of regulation and 
oversight for new technologies.” The report included five discrete 
 recommendations on public engagement including a recommendation 
on the need for public discussion and policy debate about the use 
of  human germline genome editing for “enhancement” (it having al-
ready been determined by the authors of the report— without public 
discussion and policy debate— that it was acceptable,  under certain 
conditions, to proceed with germline genome editing “for compelling 
purposes of treating or preventing serious disease or disability”).
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A month  later, in March 2017, a report issued by the Health 
Council of the Netherlands and the Netherlands Commission on 
Ge ne tic Modification titled Editing  Human DNA included this 
strong statement in support of public involvement in policymaking:

It is impor tant to get broader groups in society—as potential 
patients or parents facing a choice— actively involved at an early 
stage as well. Reflection, opinion- forming, public participation 
and consultation are essential in determining  whether or not a 
“socially robust” and legitimate application of germline modi-
fication is pos si ble. They form a crucial basis for po liti cal 
decision- making on  whether or not to permit the use of germ-
line modification.

 Later that same year, in September 2017, the German Ethics Council 
report Germline Intervention in the  Human Embryo issued a call 
for global discussion. Authors of the report noted that  because the 
technology “touches not only on national interests but also on the 
interests of mankind as a  whole,  there is a need for broadly- based 
discussion and international regulation.” And in July 2018, the UK 
Nuffield Council report Genome Editing and  Human Reproduction 
called for “a sufficient opportunity for broad societal debate”:

It is particularly impor tant that the voices of  people who 
may be collaterally affected are attended to within this debate, 
particularly  those who may be placed in positions of unequal 
or increased vulnerability. Par tic u lar efforts are therefore 
needed to engage in open and inclusive consultation with  those 
whose vulnerability to adverse impacts might be increased by 
the introduction or extension of heritable genome editing 
interventions.

What  these (and other) reports have in common is some recogni-
tion of the importance of public involvement in policy discussion, 
debate, and decision- making. What is not always clear, however, is 
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where this involvement fits along the spectrum of public education, 
engagement, and empowerment. A notable exception are efforts at 
collective decision- making and public empowerment by the Royal 
Society Te Apārangi in New Zealand. It has produced a number of 
resources “to enable New Zealanders to come to an informed 
opinion on how they feel about the use of gene editing which can 
feed into the pro cess of deciding how the technology  will be regu-
lated in New Zealand.” The effectiveness of  these resources and 
follow-on consultation methods remains to be seen.

At the pre sent time, we have two broad challenges with devel-
oping global policy on heritable  human genome editing. The first 
challenge is how to bring disparate views informed by dif fer ent eth-
ical, religious, cultural, societal, po liti cal,  legal, and scientific per-
spectives into fruitful conversation with each other. The second chal-
lenge is how to move from public education through to public 
empowerment, in a societal and po liti cal context where, in addition 
to much uncertainty,  there is incomplete information, increasing dis-
trust, and decreasing civility in discussion and debate.

In recent years  there have been a number of national and global 
online surveys, small group meetings, panel discussions, workshop 
dialogues, and the like. What appears to be lacking, however, is a 
robust vision of what  these disparate initiatives might contribute to. 
Below I review three discrete opportunities for public empowerment— 
democratic deliberation, collective discernment, and decision- 
making by consensus— all of which aim to promote inclusivity.

• • •

Demo cratic deliberation is a form of collective dialogue and decision- 
making that aims to broaden policy conversations to include as 
many perspectives as pos si ble. It contrasts markedly with aggrega-
tive models of democracy that rely on procedural mechanisms such 
as voting or strategic bargaining for reaching collective decisions. 
With demo cratic deliberation the emphasis is on open and reasoned 
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dialogue. As described in some detail by the US President’s Com-
mission for the Study of Bioethical Issues in its 2016 report Bioethics 
for  Every Generation, demo cratic deliberation is a reflective pro cess 
that supports inclusive, collaborative decision- making. Participants 
in demo cratic deliberation share knowledge, offer opinions informed 
by reasoned arguments, and explore opposing views. The goal of de-
liberation is to reach an actionable decision, taking into consider-
ation empirical evidence as well as ethical and societal values.

Deliberation, according to the President’s Commission, is distinct 
from discussion and debate. While discussion is focused on increased 
understanding, and debate is focused on suasion, deliberation is 
about reflective, respectful dialogue aimed at increasing shared un-
derstanding, managing disagreements, and identifying acceptable 
(consensual) policy choices. A par tic u lar deliberation is demo cratic 
insofar as the participants treat one another as po liti cal equals, and 
together aim to identify scientifically and ethically sound rules, pol-
icies, and laws by which they  will be governed.

The benefits of demo cratic deliberation are succinctly summarized 
by the commission:

Successful demo cratic deliberation fosters greater individual 
and mutual understanding of prob lems of common concern, 
broader public engagement with complex policy questions, and 
legitimacy of decision making. Both immediate and long- term 
benefits result from diverse stakeholders in our democracy par-
ticipating in forums for decision making that reflect the core 
values of demo cratic deliberation.

Demo cratic deliberation assists policymakers and legislators in 
reaching better and more legitimate policy outcomes. The policy out-
comes are “better”  because they are based on reciprocal reasoning. 
They are “more legitimate”  because they are based on the views and 
values of a wide range of citizens. In a democracy, legitimacy in 
policy design depends on achieving the right balance of input from 
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relevant experts and non- expert citizens. Legitimate science policies 
are grounded in data from science experts and from other profes-
sionals skilled at anticipating policy consequences. They also explic-
itly promote the common good as identified through demo cratic 
deliberation.

A prob lem for demo cratic deliberation as a tool of public dialogue 
and engagement is that while it involves citizens in respectful and 
reasoned dialogue aimed at building constructive policies and prac-
tices, citizens’ voices may yet be excluded from the policymaking 
pro cess. Sound policy recommendations may be developed, but  these 
recommendations may fall on deaf ears  because of the structural 
disconnect between the deliberative exercises and the policymaking 
pro cess. Much depends on the mode of public consultation and, 
more specifically, on how much weight is given the knowledge, be-
liefs, and values of experts as compared with the knowledge, beliefs, 
and values of non- expert citizens. For example, do the experts and 
the non- expert citizens have more or less equal status and equal sway 
in developing actionable science policy recommendations?

It has been suggested that demo cratic deliberation is best suited 
for policy prob lems where  there is deep disagreement about seem-
ingly incompatible moral values. With  these types of policy prob-
lems, however, the risks of unwarranted manipulation on the one 
hand, and undue deference to scientific expertise on the other hand, 
are highest. Demo cratic deliberation is supposed to be about inclu-
sive discussion of policy options among informed and engaged par-
ticipants, possibly facilitated by experts in knowledge translation 
and knowledge communication. In practice, however, demo cratic 
deliberation is often facilitated by science experts (or  others hired 
by governments or scientists to “talk science”) who set the goals, 
develop the agenda, and establish the facts, often without explaining 
the under lying assumptions or exposing the value choices. In this 
way, demo cratic deliberation can easily be co- opted and become 
 little more than a forum for indoctrination.
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Recent deliberative public dialogues on the use of ge ne tic tech-
nologies in the United Kingdom, sponsored by the Royal Society at 
the initiative of its President Venki Ramakrishnan, illustrate some 
of the challenges with demo cratic deliberation. Three discrete, pro-
fessionally facilitated Ge ne tic Technologies Public Dialogue work-
shops  were hosted in the fall of 2017. The dialogues  were held in 
three dif fer ent cities, on three dif fer ent topics; each dialogue involved 
two rounds with a three weeks gap in between. In Norwich, partici-
pants discussed plants and microorganisms. In London the dialogue 
concerned  humans, with a specific focus on the near to medium- term 
 future (“0–10 years from the pre sent”). And, in Edinburgh, the con-
versation was about non- human animals.

I served as an expert witness and observer for the dialogue work-
shops held in London. Participants  were provided with background 
materials including three case studies  under the banner “Using ge-
ne tic technologies in  people”: genome edited  human embryos; non- 
heritable genome editing for medical treatments; and, testing for ge-
ne tic disorders. The materials distributed aimed to provide dialogue 
participants with useful, objective background information. Yet  there 
was evident (though perhaps unwitting) bias in the information 
provided.

For example, the case study on genome editing to modify  human 
embryos focused on the research by Mitalipov and colleagues to cor-
rect a mutation responsible for hypertrophic cardiomyopathy (an 
inherited type of heart disease).  Under the subheading “UK facts and 
figures,” the following information was provided:

A recent study suggested that it was pos si ble to use genome ed-
iting to correct a dominant mutation in embryos fertilized by 
sperm from a man with cardiomyopathy. This needs to be verified 
and further checks on safety must be carried out; therefore it 
would still be several years before treatments could be available 
in the UK, if it was deemed to be an acceptable use of methods.
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This description is seriously misleading. First, it refers to the re-
search as “a recent study” without making it clear that this was fron-
tier science. At the time, worldwide, only four studies had been con-
ducted on  human germline genome editing and only one of them 
was on hypertrophic cardiomyopathy. As such, this was not a re-
cent study building on several years of prior research, which is some-
thing the dialogue participants might have erroneously inferred. 
Second, the case study acknowledges that the initial research results 
need to be verified, but does not explain that the study findings had 
been called into question by prominent scientists, and that the study 
had not yet been replicated by another laboratory. Third,  there is 
mention of the need for checks on safety, but no information about 
the lack of agreement on standards for safety, efficacy, and effective-
ness. Fourth, the stipulated focus for the dialogue workshop was 
“near to medium- term  future (0—10 years from the pre sent),” so 
the statement about treatments being available in “several years” 
could reasonably have been interpreted by dialogue participants as 
meaning “within ten years,” which is utterly unrealistic. Many more 
years of laboratory research followed by many more years of re-
search involving  humans would be required long before any kind 
of germline intervention could be available. Moreover, relevant in-
formation was not provided about the scientific, regulatory,  legal, 
and funding hurdles involved in moving an idea for germline genome 
editing from the laboratory to the clinic. The most egregious error, 
however, is the description of  human germline genome editing as a 
treatment, when  there are no  actual patients. To be very clear on this 
last point, germline genome editing involves the ge ne tic manipula-
tion of gametes and embryos. Gametes and embryos are not  people 
(notwithstanding the fact that this case study is one of three case 
studies  under the banner “using ge ne tic technologies in  people”), nor 
are they patients in need of treatment.

As for the rest of the information provided with this case study, 
 there was no mention of the likely high cost of this technology  were 
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it ever to become clinically available, and no speculation about who 
would pay for it.  There was some information about safer, simpler, 
and cheaper means of avoiding the birth of  children with this heart 
disease (including adoption, gamete donation, embryo donation, and 
PGD with selective transfer of disease- free embryos), but the infor-
mation was skewed. For example, the absence of a “direct ge ne tic 
connection to the child” was described as a “loss,” which is clearly 
a value- laden description.

Further, it is not inconsequential that the dialogue on heritable 
 human genome editing for the “treatment” of cardiomyopathy dove-
tailed into a discussion about the successful “treatment” of acute 
lymphoblastic leukemia using gene edited cells. In June 2015, Baby 
Layla, an eleven- month- old patient at London’s  Great Ormond 
Street Hospital for  Children, received gene- edited cells from a healthy 
donor. Eigh teen months  later, in January 2017, she was  doing well. 
Discussion of this case included a heartwarming picture of a smiling 
Baby Layla. This poignant narrative reminded dialogue participants 
that  there  were patients suffering from ge ne tic disease and in urgent 
need of treatment. This reminder might well have been salient in the 
minds of  those inclined to “rescue”  human embryos, especially if em-
bryos  were thought of as  future  people in need of treatment.

 These limitations with the case study on genome edited  human 
embryos likely shaded dialogue participants’ assessment of the eth-
ical issues. According to the authors of the final report, the main 
concern with germline genome editing raised by participants was the 
issue of consent which, as previously noted, is a red herring. As some 
participants from the London dialogue workshop commented:

“The next generation  won’t have a say,  really. If something 
is already altered, and they are born as a result, they  haven’t got 
a say in what is happening to them, maybe that’s a step too far.”

“How would I feel, knowing that someone  else has basically 
tampered with me? And if  we’re talking about  laser eye surgery, 
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well that’s a choice you make as a grown person, but if that 
choice is already made for you.”

Other concerns identified by dialogue participants included the avail-
ability of alternatives, costs to society of  people living longer, the 
need for regulation and oversight, and the importance of choice.

Another prob lem for demo cratic deliberation, as it is tradition-
ally understood and practiced, is one of scale. Typically, demo cratic 
deliberation happens in local communities and thus is grounded in 
local social, cultural, and po liti cal contexts. This  isn’t the most ob-
vious way to address a global policy challenge. An attempt to over-
come this limitation has recently been showcased with the World 
Wide Views citizen consultations on global warming and on biodi-
versity.  These consultations provided citizens around the world with 
a unique opportunity to inform global policymaking. Small groups 
of about one hundred demographically diverse participants gathered 
at multiple sites around the world for a same- day meeting. All par-
ticipants  were given the same background information to review and 
discuss in moderated groups following an established format. As de-
scribed on the official World Wide Views website:

The day is divided into 4–5 thematic sessions. An information 
video introduces the thematic issue and citizens are then pre-
sented with a set of questions (3 to 5) with pre- prepared an-
swering options. Groups of 5–8 citizens deliberate on the ques-
tions before them, assisted by a trained  table moderator. At the 
end of each session— which can take between 30 minutes and 
[1.5 hours], citizens vote individually on the questions.

Votes are then collected and reported to the World Wide 
Views website, where results can be compared as they arrive 
throughout the day— starting in Asia and finishing on the Amer-
ican West Coast . . .

The results are subsequently analyzed and presented to 
policymakers— both by the responsible partners at the national 
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level and by the coordinators at the global level, which has so 
far been at UN conferences for parties to the climate and bio-
diversity conventions.

The World Wide Views pro cess nominally has direct links to in-
ternational policymaking and in this way may improve on more tra-
ditional, familiar forms of demo cratic deliberation.  There are also 
serious limitations with this pro cess, however, having to do with time 
constraints, professional facilitation, voting as the decision- making 
tool, and the subsequent “black box” analy sis and reporting of find-
ings.  Whether World Wide Views can meaningfully inform global 
policy on heritable  human genome editing is an open question, but 
one worth answering. Undeniably it would be beneficial to solicit 
the views of  people from dif fer ent ethical, religious, cultural, soci-
etal, po liti cal, and  legal traditions through this kind of global 
consultation mechanism. The challenge would be in scaling this up 
to include a broader (more inclusive) swath of participants, which 
would prob ably require creative partnerships with technology com-
panies to build new, secure tools for global communication. As 
well, it would be impor tant to ensure high- quality resource mate-
rials, real- time access to experts who could expand on available 
information, participant involvement in agenda setting, sufficient 
time and opportunity for iterative quality deliberations (so more 
than a one- day event), and consensus reporting by participants, not 
external experts.

• • •

Collective discernment involves focused attention, listening, and rea-
soned dialogue, but does not depend on a pro cess of reasoned 
decision- making. As described by Wendy Wright, professor emerita 
of theology at Creighton University:

Discernment is about discriminating; sifting through and eval-
uating the evidence of our focused attention. It is not, however, 
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identical to prob lem solving. It is not simply a question of lining 
up the pros and cons concerning a par tic u lar decision we must 
make and then judging which choice is feasible or determining 
which gains the most support or which  will benefit us, or  others, 
in the long run.

Discernment is more like the turning of the sunflower to 
the sun, or the intuitive hunch of the scientist seeking new 
and creative solutions for unexplained contradictory obser-
vations, or the restless seeking of the heart longing to find its 
way home to an estranged lover, or the artistry of the musi-
cian, sculptor or choreographer delineating in sound, stone, 
or the  human body, the emergent, self- propellant rightful like 
that says, “yes!”

Quakers are one community that practices collective discernment 
with an explicit focus on deciding “for the best” in the interest of 
the  whole. In their practice, discernment involves both rumination 
and deliberation among Friends (members of the faith) in anticipa-
tion of some sort of resonance between one’s inner wisdom and outer 
environment. The Quaker practice of discernment is a practice of 
waiting, reflective listening, and reaching unity. As the phi los o pher 
John Beatty explains, “Unity is not to be confused with una nim i ty. 
It is not necessary for  every member to fully agree with a decision, 
but rather for Friends to discern that as a body they are called in a 
par tic u lar direction.” Collective discernment relies on more than 
rational analy sis. As Joycelin Dawes argues, rational analy sis in-
forms discernment, but is not the means by which discernment is 
accomplished:

Discernment is a discipline; it requires time, effort, trust, and 
practice. To engage in it fully, we need to let go of our own no-
tions and preconceptions and pray with humility, “not my  will 
but thine be done.” In a culture that values speed and efficiency, 
our Quaker methods may seem slow, but they enable us to listen 
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to and follow the guidance of the Spirit. Do we exercise enough 
patience and resist our desire for easy answers? Patient listening 
eventually leads to a feeling of rightness as a decision is reached; 
bringing our uncertainties into the presence of God is part of 
the search for truth.

The practice of discernment rests on a number of shared values: 
equality in re spect for each member of the community; equality of 
responsibility; and open minds, hearts, and  wills. Discernment aims 
to avoid “bias or prejudice, rigid patterns of thought or narrow sec-
tional interests.”

Collective discernment as a decision- making strategy improves on 
demo cratic deliberation insofar as  there is no distance between  those 
seeking to provide input into the policymaking pro cess and the pol-
icymakers or legislators— they are one and the same. This elimi-
nates possibilities for misunderstanding and error resulting from 
miscommunication, which can happen when policy preferences have 
to be relayed from  those who have participated in demo cratic de-
liberation to  those with the responsibility and power to decide on 
and implement policy choices. It also eliminates politicking. A fur-
ther benefit of collective discernment, especially when dealing with 
complex issues, is the absence of time pressure, which has been 
known to lead policymakers into error.

Nevertheless,  there are a number of challenges with collective dis-
cernment as a decision- making strategy. First, it seems to require, 
and presume, considerable homogeneity among the decision- makers. 
One can readily imagine how discernment as an approach to 
decision- making could be very respectful and effective in a commu-
nity of like- minded individuals who share a common belief that it is 
pos si ble to know God’s  will through  silent waiting. It is less easy to 
imagine this working well in a world of more than 7.7 billion  people 
with diverse ways of knowing and varied scientific, cultural, po liti cal, 
religious, and ethical beliefs. It is doubtful that civic self- governance 
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can work on this scale. And fi nally, while the absence of time pres-
sures can be seen as a benefit from one perspective, it can also be 
seen as a serious limitation,  because delays can have negative effects 
on science, clinical research, and the development of safe and effec-
tive interventions.

• • •

Decision making by consensus is an alternative to demo cratic de-
liberation and collective discernment. Over the years, much of my 
clinical ethics and health policy work on ethical decision- making has 
underscored the equal value of expertise and experiential knowledge, 
the importance of shared responsibility, and the need for respectful 
engagement that allows for integrity- preserving compromise. In 
 doing this work, I have relied heavi ly on the consensus- building 
strategy developed in 1983 by participants in the Seneca  Women’s 
Peace Encampment for a  Future of Peace and Justice. Participants 
in the Peace Camp  were a diverse group of  women from across 
North Amer i ca with a common commitment to opposing vio lence 
and oppression through acts of nonviolent civil disobedience: “We 
say no to the threat of global holocaust, no to the arms race, no to 
death. We say yes to a world where  people, animals, plants and the 
earth itself are respected and valued.”

The  women who  were camped out near the Seneca Army Depot 
to protest the deployment of Cruise and Pershing II nuclear missiles 
to Eu rope wanted a collaborative decision- making pro cess and made 
a commitment to consensus:

Consensus does not mean that every one thinks that the deci-
sion made is necessarily the best one pos si ble, or even that they 
are sure it  will work. What it does mean is that in coming to 
that decision no one felt that her position on the  matter was 
misunderstood or that it  wasn’t given a proper hearing. Hope-
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fully, every one  will think it is the best decision; this often hap-
pens  because, when it works, collective intelligence does come 
up with better solutions.

The participants in the Peace Camp  were provided with a resource 
handbook that included this definition of consensus as well as sugges-
tions for how to form consensus proposals, how to deal with difficul-
ties in reaching consensus, and which roles  were useful for helping 
to achieve consensus decisions—facilitator(s), vibes watcher, recorder, 
and time keeper. The value of formulating a consensus proposal  after 
listening to the viewpoints of the  whole group was stressed, as was 
the importance of articulating differences of opinion clearly and 
looking for creative alternatives.  There was also advice on legitimate 
ways of expressing objections so they would be heard. But more 
impor tant than the pragmatic advice  were the guiding princi ples:

Responsibility: Participants are responsible for voicing their 
opinions, participating in the discussion, and actively imple-
menting the agreement.

Self- discipline: Blocking consensus should only be done for 
principled objections. Object clearly, to the point, and 
without putdowns or speeches. Participate in finding an al-
ternative solution.

Re spect: Re spect  others and trust them to make responsible 
input.

Cooperation: Look for areas of agreement and common ground 
and build on them. Avoid competitive, right / wrong, win / lose 
thinking.

Strug gle: Use clear means of disagreement—no putdowns. Use 
disagreements and arguments to learn, grow and change. 
Work hard to build unity in the group, but not at the ex-
pense of the individuals who are its members.
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As with the Quakers and collective discernment, this type of con-
sensus is also about unity, not una nim i ty. By definition, it  doesn’t 
collapse into majority rule, nor does it confer veto power on influ-
ential minorities. All participants in the decision- making pro cess are 
enjoined to act responsibly, to exercise self- discipline, to re spect 
 others, to prize cooperation, as well as to anticipate and honor the 
strug gle that is integral to exercises aimed at promoting unity. It fol-
lows that all participants are responsible for contributing their 
opinions in a manner that is principled, respectful, and cooperative, 
while looking to identify common ground. As a collective consensus 
begins to take shape, if participants find they are not aligned with 
the emerging consensus, they may continue to responsibly advance 
their interests and concerns in the hope of persuading  others to take 
an alternative stance— for example, by blocking an emerging con-
sensus on principled grounds or  later, by supporting a revised 
position.

The consensus decision- making pro cess calls for re spect and trust. 
This means that at some point, outliers  will compromise— out of re-
spect for  others and re spect for the pro cess. This may entail step-
ping back from a position, perhaps through silence, in acknowl-
edgment of the fact that one has had the opportunity to pre sent and 
defend one’s viewpoint. As I have suggested elsewhere,

The consensus building pro cess valorizes compromise as evi-
dence of commitment to procedural fairness (which is neces-
sary in a democracy) but eschews compromise that results in 
an erosion of personal moral integrity, leaving the individual 
with the experience of having “been compromised.” This is the 
difference between compromise as a conciliatory pro cess and 
outcome, and compromise as betrayal.

Honorable participants in decision- making by consensus are persons 
of integrity who stand  behind their convictions (value commitments) 
while, at the same time, taking seriously other  people’s criticisms of 
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their convictions. They are prepared to both defend and, as appro-
priate, amend their positions. This is the epitome of flexible resi-
lience— one is neither inflexible in defending one’s values, nor too 
flexible in amending  those values.

As with demo cratic deliberation and collective discernment, 
scale is a prob lem for decision- making by consensus. This can work 
reasonably well in smaller groups— such as families, book clubs, re-
ligious groups, social communities, and professional organ izations— 
where membership in the group is of value and so individual mem-
bers have an interest in reaching consensus through compromise. 
This suggests that for decision- making by consensus to work on a 
global scale, enough of us would need to value our membership in 
the global community and see ourselves as having shared interests 
and shared responsibilities to the good of us all.

• • •

The challenge before us— all of us—is  whether to proceed with her-
itable  human genome editing. Some say “yes”;  others, “no.” The im-
mediate challenge is to find a way for all of us to meaningfully 
participate in relevant debates and discussions with a view to ar-
riving at some kind of broad societal consensus.

The term “broad societal consensus” entered the  human genome 
editing lexicon in December 2015 when it was included in the Inter-
national Summit statement On  Human Gene Editing. Before this, 
 there were references to “consent,” not “consensus.” For example, in 
1989, David Suzuki, a Japanese- Canadian scientist and science 
broadcaster, paired up with nature writer Peter Knudtson to write 
about ge ne tic engineering and ethics. In their book Genethics, they 
wrote that “while ge ne tic manipulation of  human somatic cells may 
lie in the realm of personal choice, tinkering with  human germ cells 
does not. Germ- cell therapy, without the consent of all members of 
society,  ought to be explic itly forbidden.” Twenty- five years  later, 
the language of consent was still in use. In July 2015, Eric Lander 
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published an article in the New  England Journal of Medicine titled 
“Brave New Genome.” In that article, he suggested that “authorizing 
scientists to make permanent changes to the DNA of our species is 
a decision that should require broad societal understanding and 
consent.”

While the concept of broad societal consensus has gained consid-
erable traction since 2015, many fast science enthusiasts wish it 
 weren’t so.  After all,  there is nothing like a commitment to broad 
societal consensus to slow science. To date, four general strategies 
have been used in an effort to diminish the pull of this idea. One 
involves ignoring the concept and hoping that it  will go away. Use 
of this strategy is most evident in some of the reports and articles 
advocating for heritable  human genome editing that summarize 
the 2015 Summit statement without making mention of “broad 
societal consensus.” Another strategy involves contesting the merits 
of broad societal consensus while endorsing the idea of broad so-
cietal debate. This is the strategy  adopted by the UK Nuffield 
Council in its 2018 report Genome Editing and Human Reproduc
tion. And the German Ethics Council, for its part, referred to broad 
societal discourse in its 2019 report Intervening in the Germline. 
A third strategy involves bait- and- switch tactics. A classic instance 
of this is the December 2018 Science commentary by the presidents 
of the US National Acad emy of Sciences and National Acad emy of 
Medicine and the president of the Chinese Acad emy of Sciences: 
this commentary called for public engagement in support of devel-
oping a broad scientific consensus, as opposed to a broad societal 
consensus. A fourth and final strategy involves a direct attack on the 
concept. A dramatic example of this involves accusing  those who 
advocate “broad societal consensus” of “weaponizing” the idea. 
Other dismissive tactics include disregard for the relevant lit er a ture 
on consensus- building, pejorative rhetorical questions about how 
consensus would be determined, and the suggestion that what ever 
consensus might mean it is unachievable and thus irrelevant.
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Meanwhile, two recent international initiatives, developed inde-
pendently— the Association for Responsible Research and Innova-
tion in Genome Editing (ARRIGE) and the Global Genome Editing 
Observatory— promise a  future in which public education, engage-
ment, and empowerment might become the norm. In Paris, in March 
2018, at an open meeting sponsored by the Institut national de la 
santé et de la recherche médicale (INSERM) with 160 participants 
from 35 countries in attendance, ARRIGE was launched. Its mis-
sion, endorsed at this meeting, is

to promote a global governance of genome editing through a 
comprehensive setting for all stakeholders— academics, re-
searchers, clinicians, public institutions, private companies, pa-
tient organ izations, nongovernmental organ izations, regulators, 
citizens, media, governmental agencies and decisionmakers 
from all continents.

In pursuit of this mission, ARRIGE aims to foster inclusive debate; 
contribute to the governance of genome editing technology; provide 
informal ethical guidance for users, regulators, governing bodies, and 
civil society; develop a robust reflection on the role of the public in 
debating genome editing, and improve public engagement.

By comparison, the Global Genome Editing Observatory, the fruit 
of a small international invitational meeting at Harvard University in 
April 2017, is more focused on innovative scholarship in support of 
po liti cal action. It aims to have a discrete impact on global policy by 
asking and answering questions of pivotal importance that we ignore 
at our peril, such as “what is (or is not) at stake, what risks do (or do 
not) warrant immediate concern, and what common ground is needed 
to achieve shared and mutually acceptable endpoints for scientific and 
technological intervention.”

It is anticipated that the work of the proposed Global Genome 
Editing Observatory could usefully support and facilitate consensus- 
building on a wide range of issues. As  imagined by its proponents, 
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the global observatory would be a center for international, interdis-
ciplinary reflection where the viewpoints of science, religion, philos-
ophy, law, and culture would find meaningful expression in a truly 
cosmopolitan conversation. It would promote effective repre sen ta-
tion, cross- pollination, and deliberation of views across the spec-
trum. Such a global observatory could be a trusted clearing  house 
for relevant lit er a ture, position statements, and reports from civil so-
ciety groups, professional socie ties, bioethics think tanks, quasi- 
governmental organ izations, as well as regional and global intergov-
ernmental agencies (such as the Council of Eu rope and the World 
Health Organ ization). It also could track the global conversation on 
a wide range of issues. For example, it might collect and analyze data 
about what  people “actually want for themselves and for their socie-
ties” or how understandings of disability and disease vary across 
cultures. In addition, a global observatory could convene periodic 
meetings. A pos si ble topic for an initial meeting might be the ideal 
features of the global conversation on the ethics and governance of 
heritable  human genome editing, including “who sits at the  table, 
what questions and concerns are sidelined, and what power asym-
metries are shaping the terms of debate.”

• • •

With the unexpected birth of gene- edited babies announced in No-
vember 2018, we are at an impor tant juncture. Now, more than ever, 
we require answers to the following critically impor tant questions:

To what extent are existing scientific and po liti cal institutions 
capable of initiating the forms of deliberation that the prospect 
of editing life demands? Are  these institutions qualified to ask 
the right questions? What are the respective rights, roles and 
responsibilities of scientific experts, policymakers, publics and 
scholars in working  toward a “broad societal consensus”? What 
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new modes and mechanisms of participation, deliberation, and 
repre sen ta tion are needed?

In answering  these questions, we may better understand which facets 
of which policymaking strategies—such as  deliberative democracy, 
collective discernment, and decision- making by consensus— will 
most effectively engage the public and attend to the widest pos si ble 
range of interests and concerns.
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Most every thing has a beginning, a  middle, and an end. With heri-
table  human genome editing, we are at the beginning. In less than a 
hundred years we have moved from the idea of manipulating the 
 human germline, first proposed by Muller in the 1920s and 1930s, 
to proof- of- principle with the birth of the world’s first CRISPR 
babies in 2018. From another perspective, we are also at the 
dawn of  human pre- extinction; the beginning of the end. According 
to this view,  there  will be many more generations of “modern 
 humans”— Homo sapiens—on planet Earth, but our end is in sight. 
What is yet unknown is  whether a utopian or dystopian  future 
awaits us.

According to Edmond Kirsch, the protagonist in Dan Brown’s 
latest novel Origin, in fifty years (from 2017) “we  will no longer be 
able to consider ourselves Homo sapiens . . .  we  will look back on 
 today’s Homo sapiens the same way we now look back at Neander-
thal man. New technologies like cybernetics, synthetic intelligence, 
cryonics, molecular engineering, and virtual real ity  will forever 
change what it means to be  human.” Kirsch predicts a  future in 
which a new Seventh Kingdom of Life, called Technium, effectively 

Epilogue
A New Dawn
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extinguishes “modern  humans”   through absorption (involving the 
fusion of biology and technology). In this new kingdom, technology 
lives and dies within and through  humans following the Darwinian 
rule “survival of the fittest.” Outlandish science- fiction? Prescient 
warning? Inspired prophecy?

Enthusiasm for techno- eugenics (among novelists, transhumanists, 
and scientists) is not the only reason for our anticipated demise, 
however. An additional threat to our survival is the destruction of 
our natu ral habitat as a result of overpopulation, climate change, 
air and  water pollution, resource depletion, genet ically engineered 
viruses, terrorism, and potentially nuclear war— all of which are fu-
eled by greed and stupidity.

In 2010, in an interview with the American radio host Larry King, 
the late British theoretical physicist Stephen Hawking predicted that 
 human greed and stupidity would result in humanity’s extinction. 
Thereafter, he repeated this prediction on several occasions  until, in 
2017, he added aggression to the list of negative traits likely to en-
sure our demise: “I fear evolution has inbuilt greed and aggression 
to the  human genome.  There is no sign of conflict lessening, and the 
development of militarised technology and weapons of mass destruc-
tion could make that disastrous.” In addition to greed, stupidity, 
and aggression, Hawking added so- called pro gress in science and 
technology as a further threat  because it has created “new ways 
 things can go wrong.” While  there has never been good reason to 
think that humanity would be exempt from evolution and extinc-
tion by natu ral se lection, many of us are aghast at the speed with 
which we are hurtling  toward our end.

• • •

A species is a group of organisms— for example, a group of animals, 
a group of plants, or a group of single- celled life forms. Individual 
organisms within a species have dif fer ent traits— for example, dif-
fer ent anatomy, dif fer ent looks, and dif fer ent be hav iors. As explained 
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by Charles Darwin in his 1859 book On the Origin of Species, 
within a species some traits are more suited to certain environments. 
Over time, individual organisms with  these traits are more likely to 
survive and to reproduce, thereby passing on their more suitable 
traits to the next generation. In this way, over many generations, spe-
cies evolve as more and more (and eventually most) members are 
born with the relevant advantageous traits.

Similar  factors explain how species become extinct. When the 
local environment changes, organisms without suitable traits for the 
changed environment need to adapt; if they  can’t, they are less likely 
to survive and to reproduce— and eventually, the species dies off. 
Borrowing a phrase introduced in 1864 by Herbert Spencer, Darwin 
 later referred to this mechanism of natu ral se lection as “survival of 
the fittest.”

Currently we are faced with an unpre ce dented combination of 
threats both to  human flourishing and to the survival of our spe-
cies. Globally, overpopulation coupled with incessant population 
growth have led to increasing demands for food,  water, land, energy, 
and other resources.  These demands are increasing at a time of se-
rious environmental degradation from resource depletion (including 
deforestation, over- fishing, and over- mining) and from an exponen-
tially growing reliance on polluting technologies. All of this is set 
against a backdrop of threats to our survival resulting from climate 
change— rising sea levels and temperatures, seawater acidification, 
melting polar ice caps, changing weather patterns. Layered on top 
of this are all sorts of societal and po liti cal prob lems attributable to 
uncontrolled power, fomented hatred, greed, self- interest, and anger, 
some of which fuel terrorism and war.

Taken together,  these and other stresses threaten humanity insofar 
as they are very likely outside the reach of natu ral se lection. Which 
is to say that  there is very likely insufficient time for us to adapt 
through successive generations to  these threatening biological, en-
vironmental, and societal changes. Our options are  limited. We can 
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accept the current state of affairs and, based on what we understand 
of  human evolution, accept that our time on this planet is  limited 
and, in evolutionary terms, fast coming to an end.  There is no time 
for origination (the creation of a distinct, new species) or speciation 
(the evolution of a distinct, new species through natu ral se lection). 
 Unless  there are radical changes,  humans  will soon become extinct.

Alternatively, we can act on the advice of scientists and make the 
societal, po liti cal, ecological, and environmental changes necessary 
to avoid our imminent demise. We can, for example, reduce our 
carbon footprint, change our diet, share our wealth, improve our 
social and public health programs, curb our land use, redress envi-
ronmental degradation, maximize the equitable distribution of 
resources, and harness our new technologies, including artificial in-
telligence, in pursuit of  these objectives. While this seems like a sen-
sible plan, it appears that not enough of us are willing to act on it. This 
might be  because some among us  don’t  really trust the scientific ad-
vice we have been given and think the dire warnings are exaggerated. 
Or it might be  because some among us trust the scientific advice, but 
 don’t care about the predicted harms  because we are not the ones 
who  will bear the consequences. Then again, it may be that some 
among us both trust the scientific advice, and trust that our scien-
tists  will come up with a fix, in which case  there is no need for us to 
change our ways. What ever the reason, many of us seem intent on 
staying the course— the  future be damned.

Against this backdrop one might reasonably ask  whether heritable 
 human genome editing could be part of the “fix.” If we stray briefly 
into the realm of science fiction, the question becomes: Could scien-
tists genet ically modify  humans to  either curb our negative impact 
on our environment, or adapt our species to a changed environment, 
so as to ensure our survival?

Imagine, for example, making  humans mildly intolerant to red 
meat (to decrease red meat consumption and thereby reduce green-
house gas emissions resulting from livestock farming), making 
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 humans smaller (to reduce our ecological footprint by needing to 
consume less resources), making  humans less fertile (to lower birth 
rates and reduce demand for resources), or making  humans more 
altruistic and empathetic (to have them better understand and ap-
preciate the suffering experienced by  others and thus be more willing 
to cooperate in finding solutions for the benefit of all). Alternatively, 
what about the option of making “pollution resistant ‘ human beings’ 
with genes for degrading polychlorinated biphenyls (PCBs); poison- 
resistant ‘ human beings’ with genes coding for enzymes that help to 
break down poisons; or ‘ human beings’ equipped with feathery 
gills to survive both on land and  under the sea”? Another possibility 
would be to genet ically modify  humans to survive on some other 
planet (or spacecraft) that is uninhabitable by  humans  today. The 
idea  here would be to promote speciation using heritable  human 
genome editing, perhaps in tandem with some kind of gene drive to 
push the ge ne tic modification through the species  until  every being 
has been changed.

From the perspective of some (many),  these are fanciful design 
proj ects given how complex the science is and how  little we know 
about gene- gene interactions, and gene- environment interactions. 
But what if, for the sake of argument, we  were to set aside com-
plexity and the vagaries of time? I expect that for some (most as-
suredly transhumanists and futurists), volitional human- driven evo-
lution is an attractive alternative to extinction, and if heritable 
 human genome editing might be an effective means to this end, that 
would be reason enough to pursue this research. For  others, no 
doubt, hy po thet i cal talk of using heritable  human genome editing 
to avert our imminent demise is irresponsible—we should be looking 
to change our be hav ior, not our biology.

Without taking a position on the specific issue of  future enhance-
ment for the survival of the species, I think that entertaining the pos-
sibility of volitional evolution, even briefly, might serve a useful 
purpose. At the very least, it could dramatically shift the current 
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debate on the ethics and governance of heritable  human genome ed-
iting. For a start, it could have us critically examine arguments for 
and against non- health- related ge ne tic modifications for the benefit 
of us all, instead of having us focus narrowly on arguments for and 
against health- related ge ne tic modifications for the benefit of a very 
few. Such a discussion might lead to a more nuanced understanding 
of what, if any, shared prob lems heritable  human genome editing 
could help address.

For us to get to this place where we can discuss the potential merits 
of genome editing technology for improving the  human condition, 
promoting the common good, and advancing fair and just relations, 
we need time— time to agree on what are our shared prob lems and 
how heritable  human genome editing might or might not help ad-
dress them. Instead, too often our attention is focused on individual 
goals and objectives. We fiddle while Rome burns. Instead of taking 
time (and eventually action) to identify and address our shared needs, 
we debate  whether to support the reproductive desires of hy po thet-
i cal prospective parents who want to use heritable  human genome 
editing to have  children with specific traits and have the resources 
to satisfy this “want.”

• • •

 There are impor tant challenges (and potentially impor tant oppor-
tunities) with heritable  human genome editing. The recent unantici-
pated birth of the world’s first CRISPR babies in China highlights 
some of  these challenges and underscores the need, without further 
delay, to address pressing issues of ethics and governance. As I have 
argued consistently, responsibility for this is not the purview of a select 
few. It is for all of us, experts and non- experts— scientists, science 
funders, civil society (including non- governmental and not- for- profit 
organ izations, community groups, indigenous groups, charitable 
organ izations, and faith- based organ izations), interested citizens 
who are not formally aligned with any interest group, artists, and 
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biohackers—to come together to develop and promote a shared 
hopeful vision of our  future. Consistent with this view is the belief 
that broad societal consensus is the way forward. This is the means 
by which all of us can exercise our shared responsibility to direct 
the research, development, and delivery of genome editing science 
and technology for the benefit of us all (for the common good, in 
the ser vice of the commonweal).

Broad societal consensus requires that we  humans commit to the 
common good, understood as that in which all of us, and our de-
scendants, have a common interest. It requires that we embrace slow 
science so that we can do better, more reflective science that  will im-
prove the  human condition. It requires that we become informed 
and engaged as we assume our rightful place in decision- making cir-
cles, recognizing all the while that the issues before us are complex 
 matters about which reasonable  people might disagree. It requires 
that we participate in global discussions guided by the princi ples of 
consensus- building— responsibility, self- discipline, re spect, coopera-
tion, strug gle— book- ended by the princi ples of inclusivity and be-
nevolence. The princi ple of inclusivity is about bringing every one 
into the decision- making circle from the beginning. The princi ple of 
benevolence is about extending goodwill and kindness  toward  those 
who compromise in order to let the group reach consensus.

A bird  doesn’t sing  because it has an answer,  
it sings  because it has a song.

— JOAN WALSH ANGLUND, 

often attributed to Maya Angelou

This book is a call to action— a call for us to take collective respon-
sibility for our biological and social  future. In answering this call, 
we need to reflect on what kind of world we want to live in, and 
how we can contribute to building that world. I have already de-
scribed the world that I want to live in— a world that promotes 

 EBSCOhost - printed on 2/13/2023 6:23 AM via . All use subject to https://www.ebsco.com/terms-of-use



Epilogue • 221

equity and justice, and celebrates difference; a world that embraces 
neighborliness, reciprocity, social solidarity, and community; and a 
world that values collegial as opposed to competitive relations. In 
this  imagined  future world, our social, relational, interdependent 
selves rise above our individualistic, competitive selves, and we all 
flourish as we pursue the goal of building a better world for us all.

If this is the kind of world you might also want to live in, then 
I invite you to think carefully about  whether, and if so how, heritable 
 human genome editing can help us build this world. If, for example, 
this technology can help reduce inequity, then we have a responsi-
bility to ensure that it is directed in such a way as to promote jus-
tice and fairness. But if it has no hope of addressing this challenge, 
then we must seriously weigh the opportunity costs in continuing 
to invest time, talent, and trea sure in developing heritable  human 
genome editing technology, when  these same resources could more 
usefully be spent on other valuable research that aims to improve 
the  human condition and the world in which we live.

Near the end of the novel Origin, Kirsch, a devout atheist, speaks 
of sweeping change, and offers up a “Prayer for the  Future”: “May 
our philosophies keep pace with our technologies. May our compas-
sion keep pace with our powers. And, may love, not fear, be the engine 
of change.”

Meanwhile, in the real world, as a direct consequence of increas-
ingly audacious moves by some scientists to engineer  future genera-
tions, impor tant decisions must now be made— decisions that  will 
set a new course for science, society, and humanity. May  these deci-
sions be inclusive and consensual. May they be characterized by 
wisdom and benevolence. And, may we never lose sight of our re-
sponsibilities to “us all.”
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AAAS American Association for the Advancement of Science

ASGCT American Society of Gene and Cell Therapy 

ARRIGE Association for Responsible Research and Innovation 
in Genome Editing

Cas9 CRISPR associated protein 9

COGEM Netherlands Commission on Ge ne tic Modification

CRISPR clustered regularly interspaced short palindromic 
repeats

DNA Deoxyribonucleic acid

EASAC Eu ro pean Academies Science Advisory Council

FDA Food and Drug Administration (US)

GMO Genetically modified organism

HFEA  Human Fertilisation and Embryology Authority (UK)

HLA  human leukocyte antigen

IBC International Bioethics Committee
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INSERM Institut national de la santé et de la recherche médicale 
(National Institute of Health and Medical Research) 
(France)

IRB Institutional Review Board

IVF in vitro fertilization

NASEM National Academies of Sciences, Engineering, and 
Medicine

NIH National Institutes of Health (US)

OECD Organisation for Economic Co- operation and 
Development

OHSS ovarian hyperstimulation syndrome

OHSU Oregon Health & Science University

PGD preimplantation ge ne tic diagnosis

TALENs transcription activator- like effector nucleases

UNESCO United Nations Educational, Scientific and Cultural 
Organ ization

WADA World Anti- Doping Agency

WHO World Health Organ ization

ZFNs zinc fin ger nucleases
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Allele  One pos si ble form of a gene.  Humans have two alleles for 
each gene, one inherited from the biological  mother and one 
inherited from the biological  father. The alleles can be the same 
or dif fer ent.

Amniocentesis  A method of prenatal ge ne tic testing involving 
the withdrawal and screening of amniotic fluid, usually done 
between fifteen and twenty weeks of pregnancy.

Biohacking  The activity of exploiting ge ne tic material experi-
mentally without regard to accepted ethical standards and / or 
outside of traditional research institutions.

Cas9  An RNA guided enzyme that is encoded in the CRISPR 
locus of many bacteria. Often described as “molecular scissors,” 
it performs the DNA “cutting” operation in genome editing.

Chimera  A new organism with DNA from two or more 
organisms.

Chorionic villus sampling  A method of prenatal ge ne tic testing 
involving the sampling and testing of the placental tissue, 
usually done between ten and twelve weeks of pregnancy.

Glossary
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Chromosome  An or ga nized package of DNA found in the 
nucleus of the cell.  Humans have twenty- three pairs of 
chromosomes— twenty- two pairs of numbered chromosomes 
(autosomes) and one pair of sex chromosomes (X and Y). Each 
biological parent contributes one chromosome to each pair; 
thus, offspring get half of their chromosomes from their bio-
logical  mother and half from their biological  father.

Clinical trial  A research study involving  human participants in 
which the effects of a biomedical or behavioral intervention (for 
example, a drug, device, diet, or therapy) are evaluated for 
safety (Phase 1), efficacy (Phase 2), and effectiveness (Phase 3). 
Often an intervention is compared to a placebo or other control 
(for example, standard of care).

Cloning  Any of several pro cesses used to create genet ically 
identical copies of biological entities like genes, cells, tissues, or 
 whole organisms.

CRISPR A genome editing tool that researchers can use to alter 
DNA.

Demo cratic deliberation  A form of collective dialogue and 
decision- making that emphasizes open, reasoned dialogue and 
aims to improve policymaking by broadening policy conversa-
tions to include as many perspectives as pos si ble.

DNA (deoxyribonucleic acid)  The molecule of heredity of  every 
species on earth. This molecule, in the shape of a double helix, 
encodes ge ne tic information that can be transcribed into RNA 
and translated into proteins by cells.

Dominant  A trait is dominant if only one allele (copy) of a gene 
is required to express the trait.

Ectogenesis  The development of embryos in artificial conditions 
outside the uterus.

Eugenics  A range of social and reproductive practices  
aimed at improving the quality of the  human gene pool  
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based on fitness, physical beauty, or other traits valued by a 
society.

Gene  A section of DNA on a chromosome that encodes the 
instructions for proteins that underlie vari ous traits (characteris-
tics and abilities) such as eye color, cognitive abilities, and 
disease risk. Genes are the means by which ge ne tic information 
is passed down through the generations from biological parents 
to offspring.

Ge ne ticization  A term used to describe how the science of 
ge ne tics is influencing society in general and medicine in par tic-
u lar, especially the increasing use of ge ne tic explanations to 
describe differences between individuals and groups.

Germ cells  Reproductive cells that are in the ovaries (for 
 women) and testes (for men). The germ cells in the ovaries make 
eggs and the germ cells in the testes make sperm.

Germline  The cells that pass on their ge ne tic material to offspring 
through reproduction. The germline includes gametocytes (cells 
that divide to produce gametes) and gametes (egg and sperm).

Homologous recombination  A DNA repair mechanism where a 
cell uses DNA sequences to repair harmful double strand 
breaks. This repair mechanism can be used for precision genome 
editing.

In vitro gametogenesis  A pro cess by which adult cells are 
 engineered to make eggs and sperm outside of the body.

IVF (in vitro fertilization)  A medical procedure where an egg is 
fertilized by sperm outside of a  woman’s body.

Maternal spindle transfer  A technique where nuclear DNA is 
removed from the intended  mother’s unfertilized egg and 
transferred into an enucleated donor egg that can then be 
fertilized. This technique was originally developed to prevent 
maternally inherited mitochondrial diseases but has been used 
more frequently for the “treatment” of infertility.
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Mitochondrial DNA  The DNA contained in the mitochondria, a 
cellular organelle responsible for energy production in the 
cytoplasm of a cell. In  humans, mitochondrial DNA consists of 
one chromosome made up of thirty- seven genes.  These genes are 
responsible for many functions, including producing chemical 
energy, storing calcium, regulating metabolism, controlling cell 
death, and cell signaling. Ordinarily, mitochondrial DNA is 
inherited only from the biological  mother.

Mosaicism  When  there are two or more populations of cells in 
an organism that has developed from a single embryo. With 
genome editing, this can happen when some, but not all, of a 
developing embryo’s cells are successfully modified, resulting in 
an embryo that has both non- edited and edited cells.

Mutation  A variation of one or more DNA bases of the ge ne tic 
code that may disrupt gene function.

Non- homologous end- joining   A highly efficient DNA repair 
mechanism where a cell repairs double- strand DNA breaks by 
joining DNA ends. It is prone to insertions or deletions of DNA 
bases that disrupt the sequence. Gene editing approaches that 
use this DNA repair mechanism can be used to “knock out” a 
faulty gene with a disease- causing mutation.

Nonviable embryo  An embryo that, for biological reasons, is 
unable to develop into a new being.

Nuclear DNA  DNA contained in a cell’s nucleus.  Human nuclear 
DNA contains between 20,000 and 25,000 genes, which 
together make up an individual’s “ge ne tic blueprint.”

Ooplasm transfer  A technique previously used to treat infer-
tility. Prior to fertilization, ooplasm from a donor egg with 
healthy mitochondrial DNA was injected into a patient’s egg.

Preimplantation ge ne tic diagnosis  The testing of an individual 
cell from a fertilized egg prior to embryo transfer in order to 
select embryos with or without specific traits.
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Pronuclear transfer  A technique where nuclear DNA is removed 
from the intended  mother’s fertilized egg and transferred into an 
enucleated fertilized donor egg. This technique is being used for 
the “treatment” of infertility.

Recessive  A trait is recessive if both alleles (copies) of a gene 
must be identical for that trait to be expressed.

Recombinant DNA  Artificial DNA that has been formed by 
combining two DNA molecules from the same or dif fer ent 
organisms.

Somatic cells  All cells in the body that are not reproductive cells.
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2 CRISPR podcast: “Joe Rogan on CRISPR Changing DNA,” You-
Tube, November  21, 2017, https:// www . youtube . com / watch ? v= 
_ 7ogw0fbn8A.

5 “available to every one”: Quoted in Leslie D’Monte, “Josiah Zayner: 
The Man Who Hacked His Own DNA,” LiveMint, January 5, 2018, 
http:// www . livemint . com / Leisure / FVPrvuBYMtyzHHNpdG2QgN 
/ Josiah - Zayner - The - man - who - hacked - his - own - DNA . html.

5 “transparency, and accountability”: David H. Guston, “Forget Politi-
cizing Science. Let’s De moc ra tize Science!,” Issues in Science and Tech
nology 21, no. 1 (2004), http:// issues . org / 21 - 1 / p _ guston - 3 / .

6 FDA warning: United States, Food and Drug Administration, “Infor-
mation About Self-Administration of Gene Therapy,” November 21, 
2017, https://www.fda.gov/vaccines-blood-biologics/cellular-gene-
therapy -products/information- about- self -administration -gene -therapy.

6 might get seriously hurt: Sarah Zhang, “A Biohacker Regrets Pub-
licly Injecting Himself with CRISPR,” Atlantic, February 20, 2018, 
https:// www . theatlantic . com / science / archive / 2018 / 02 / biohacking 
- stunts - crispr / 553511 / .

6 California Department of Consumer Affairs investigation: Antonio 
Regalado, “Celebrity Biohacker Josiah Zayner is Under Investigation 
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for Practicing Medicine Without a License,” MIT Technology Review, 
May 15, 2019, https://www.technologyreview.com/s/613540/celebrity 
-biohacker -josiah -zayner -is -under -investigation -for -practicing -medi 
cine -without -a/.

7 “illusion of perfectibility”: Nathaniel Comfort, The Science of  Human 
Perfection (New Haven, CT: Yale University Press, 2012), 246.

Chapter 1: Targeting a Single Gene

9 O’Brien and his  family: Lisa Genova, Inside the O’Briens (New York: 
Gallery Books, 2015).

10 “Sign me up”: Ibid., 96.

10 “I’d lie down in traffic for him right now”: Ibid., 230.

10 “my  children are buried beneath it”: Ibid., 295.

10 Joe’s prayers: Ibid., 298. Italics in the original.

11 “CRISPR is my dream” says Jane: Ricki Lewis, “Juvenile Huntington’s 
Disease: The Cruel Mutation,” PLOS DNA Science Blog, May 30, 
2013, http:// blogs . plos . org / dnascience / 2013 / 05 / 30 / juvenile - huntingtons 
- disease - the - cruel - mutation / ; Ricki Lewis, “Can CRISPR Conquer 
Huntington’s?” PLOS DNA Science Blog, June 29, 2017, http:// blogs 
. plos . org / dnascience / 2017 / 06 / 29 / can - crispr - conquer - huntingtons / .

11 “mercy of the editor’s red pen”: Jennifer A. Doudna and Samuel H. 
Sternberg, A Crack in Creation: Gene Editing and the Unthinkable 
Power to Control Evolution (New York: Houghton Mifflin Harcourt, 
2017), 90.

12 “modification” and “engineering”: Stephen  M. Weisberg, Daniel 
Badgio, and Anjan Chatterjee, “A CRISPR New World: Attitudes in 
the Public  toward Innovations in  Human Ge ne tic Modification,” 
Frontiers in Public Health 5, article 117 (May 27, 2017), https:// doi 
. org / 10 . 3389 / fpubh . 2017 . 00117.

12 introduction of foreign DNA: Ge ne tic Alliance and Pro gress Educa-
tional Trust, Basic Understanding of Genome Editing: The Report 
(London: Wellcome Trust, September 2017), https:// pet . ultimatedb 
. net / res / org10 / Reports / genomeediting _ report . pdf.

12 cases per million  people: World Health Organ ization Genomic Re-
search Centre, “Genes and  Human Disease,” World Health Organ-
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14 genet ically modified to have the disease: Su Yang, Renbao Chang, 
Huiming Yang, Ting Zhao, Yan Hong, Ha Eun Kong, Xiabo Sun, 
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(November 16, 2017): 1909–1911; George Q. Daley, Robin Lovell- 
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