
Chapter 6

The Elimination of Genetic Diseases

“This land is your land, this land is my land
From California to the New York Island

From the redwood forest, to the gulf stream waters
This land was made for you and me

As I was walking a ribbon of highway
I saw above me an endless skyway

I saw below me a golden valley
This land was made for you and me

. . .

As I was walkin’ - I saw a sign there
And the sign said - no trespassin’

But on the other side . . . it didn’t say nothin!
Now that side was made for you and me

—Woody Guthrie, “This Land is Your Land,” 1940.

In 1962, when Bob Dylan released his first album, it included only two original songs. One of them, “Song
to Woody,” was a tribute to folk singer, Woody Guthrie, who is arguably the greatest songwriter the United
States has ever produced. By then Guthrie, who was barely fifty years old but had long been confined to a
New Jersey institution thanks to Huntington’s disease. With some effort, Dylan had been able to visit and
sing for him. There was no hint of Guthrie’s illness in Dylan’s song; rather it was a celebration of Guthrie’s
wandering songwriting life over the years. Today, though few younger Americans seem to know who Woody
Guthrie was, his songs live on. In particular, in school or church, most of this same younger generation
have encountered “This Land Is Your Land,” Guthrie’s compelling 1940 response to Irving Berlin’s cloyingly
patriotic “God Bless America,” even if today’s popular versions of Guthrie’s song omit his more radical
verses such as the last one quoted above.

In 1940, when Guthrie was only twenty-eight years old, his behavior and life had begun to unravel
probably because of the onset of the early stages of the Huntington’s disease that finally killed him twenty-
seven years later.1 He had withdrawn into himself, become increasingly detached and cold towards his first
wife, Mary, and their children, and was had begun to exhibit occasional outbursts of unusual fits of temper.
Woody Guthrie had inherited the Huntington’s disease gene from his mother, Nora, who had died of the
disease in 1929 at the age of forty-one. As a teenager Guthrie had witnessed his mother’s life falling apart
eventually to end with her institutionalization and subsequent death. She had lost control of her muscles at
times and had suffered from deep depressions interspersed with outbursts of anger even before being sent to
an institution. When Guthrie visited her for the last time in 1928, she did not even recognize him.

Fear of the disease seemed to have haunted Woody Guthrie ever since though his friends later recalled
that he tried hard to live in denial. His career in music started in the 1930s in response to the Great

1Arévalo et al. 2001; Ringman 2007. Unless explicitly otherwise noted, all biographical material on Guthrie are from these
sources and from Santelli (2012).
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Depression and the Dust Bowl that drove him and many others from Oklahoma to California through Texas.
He wrote songs about ordinary people and their struggles, about how migrants were unwelcome in California
(“Do Re Mi”), and about outlaws who looked after the poor (“Pretty Boy Floyd”). During the time he
spent in California Guthrie worked the union halls and became a fellow traveler of the Communist Party
though his enthusiasm for the Party flagged when Stalin and Hitler signed their short-lived but infamous
non-aggression pact of 1940.

Subsequently his career blossomed in New York in the early 1940s but he soon left the city to wander
around the country. Even though signs of Huntington’s disease were almost certainly already present, Guthrie
continued to compose songs, record them, and perform extensively around the country through the 1940s.
He remarried and his work included a stunning collection of children’s songs (“Songs to Grow On”) inspired
by his daughter Cathy Ann who was killed in an electric fire at home in 1947. Woody Guthrie never quite
recovered from his little daughter’s death. By the early 1950s Huntington’s had him fully in its grip and the
last fifteen years of his life were largely spent confined to institutions, sometimes by his own choice.

One wonders how much more Woody Guthrie could have achieved had it not been for his illness. Many
friends and relatives witnessed his intellectual and physical deterioration and the dissolution of his musical
abilities; their pain is yet another aspect of the suffering brought about by Huntington’s disease. Today
we continue to face the question of how much more future suffering there may come to be because of the
continued presence of the Huntington’s disease gene in the human population. But, today, we are also in a
position to prevent that suffering: with CRISPR/Cas9 technology we finally may have the means to remove
this gene permanently from the human population. So why not do it? That is the rationale for removing
genes causing severe disease from the human population and it constitutes the most defensible form of
eugenics. Once again, why not do it? Apparently we, as a society, remain unable to make that decision.

* * *

Even though we may have a good rationale for removing disease genes from the human population, one thing
is clear: society, and especially the biologists involved in CRISPR-based gene editing research, are yet far
from ready to accept the conscious manipulation of the human genome. That much, at least, is clear from
the furore caused in 2018 by He Jiankui, a biologist at the Southern University of Science and Technology
in Shenzen, China, who tried his hand at human germ-line editing. At the end of November, just before
the beginning of the International Summit on Human Genome Editing in Hong Kong, Je announced that
he had used CRISPR/Cas9 techniques to successfully edit the germ-line in twin embryos in order to confer
resistance to HIV.2 The twin girls were born in early November and, according to He, were healthy.

That this work emerged in China was not completely a surprise. Chinese biologists had been at the
forefront of gene editing research for several years. In March 2015, biologists from from Guangzhou were the
first to report editing genes in a human embryo, though they avoided controversy by using an embryo that
was not viable.3 They were shortly followed in this type of editing by biologists from the United States and
Britain. Because none of this earlier work involved viable embryos, it did not raise the hard questions and
outrage that He’s experiments have provoked. In 2016 biologists from Sichaun University were the first to
test the use of CRISPR/Cas9 techniques to edit genes in a human patient as a therapy for cancer.4 This was
somatic gene therapy and also raised no hackles. These developments motivated He to launch a project in
June 2016 to edit the germ-line of human embryos with the intention of producing a live birth. In March 2017
he began recruiting couples with an HIV-positive fathers for these experiments. One such couple enabled
the birth of the twin girls in November 2018. At the Hong Kong conference He also announced the existence
of yet another pregnancy with a gene-edited fetus which was supposed to come to term in August 2019.

He did not carry out his experiments in secret. He discussed his plans with biologists in the West including

2Cohen 2018.
3Cyranoski 2019a. Unless explicitly noted otherwise, the events reported in this paragraph and the next are all from this

source.
4Cyraniski 2006.
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his former advisor at Rice University, Michael Deem. No one appears to have tried to dissuade him very
hard even thought all of his interlocutors have since claimed that they tried to discourage him. But once He
reported his results, immediately at the Hong Kong conference and elsewhere in the West, biologists reacted
with fierce and vociferous condemnation of his experiments. Biologists claimed to be appalled at what He
had done even though it was far from clear that he had violated any Chinese regulations or international
standards. (Many biologists were also far from convinced of the scientific plausibility and value of He’s
experiment and we shall return to that issue later in this chapter.)

For instance, in response to He’s announcement, the December 18 issue of Science contained an editorial
by Victor J. Dzau, President of the U.S. National Academy of Medicine, Marcia McNutt, President of the
U.S. National Academy of Sciences, and Chunli Bai, President of the Chinese Academy of Sciences that urged
“international academies to quickly convene international experts and stakeholders to produce an expedited
report that will inform the development of . . . criteria and standards to which all genome editing in human
embryos for reproductive purposes must conform, and to engage scientific bodies around the world in this
effort.” According to them our ability to edit the human germ-line “has outpaced nascent efforts by the
scientific and medical communities to confront the complex ethical and governance issues that they raise.”5

The three Presidents were unequivocal in condemning He: “To maintain the public’s trust that someday
genome editing will be able to treat or prevent disease, the research community needs to take steps now to
demonstrate that this new tool can be applied with competence, integrity, and benevolence. Unfortunately,
it appears that the case presented in Hong Kong might have failed on all counts, risking human lives as well
as rash or hasty political reaction.”

This Science editorial is troubling at least on two fronts. First, it claimed that scientific developments
have outpaced the formulation of policy. But, to the extent that this is true, it has been a failure of the
leaders of the genomics research community rather than any malfeasance on the part of individual researchers
eager to explore the new possibilities opened up by CRISPR-based gene editing. As noted earlier in the
book, the prospect of human germ-line gene editing has been recognized since the 1980s when it was actively
discussed as a possible outcome of the Human Genome Project. Proponents of the HGP realized that the
new genomics would have social impacts and the HGP included, right from the beginning, a program to
study the ethical, legal, and social implications (ELSI) of the human genome. As much as three per cent
of the budget of the HGP was allocated to the ELSI program. Yet, almost thirty years we find ourselves
unprepared when presented with the immediate prospect of edited human germ-lines. Biologists could have
done much more to insist that policy issues receive substantive treatment.

Second, the Science editorial implicitly acknowledged that there were at the time no pertinent rules in
place at any level to regulate gene editing. (The situation is not much better today.) This situation has
the implication that He was being criticized for violating non-existent rules which is hardly fair. Moreover,
in the Science editorial, the Presidents of the U.S. National Academies of Science and Medicine offered
to take the lead in developing regulations to cover human germ-line editing. However, in December 2015
these two academies already hosted an international summit meeting on gene editing. One outcome of that
meeting was a working group on the scientific, ethical, and social issues raised by new technologies, especially
CRISPR. The group’s report was published in 2017.6 Entitled Human Genome Editing: Science, Ethics,
and Governance, that report did not call for an outright ban on human germ-line editing in embryos for
research. However, it recommended limiting both somatic and germ-line gene editing to prevent disease.
This is what He is supposed to have done. What, then, are the international norms that He is supposed to
have violated?

In the wake of He’s experiments, some biologists went much further in their attempts to prevent human
germ-line editing. Eighteen of them, led by Eric Lander and including almost all the luminaries of CRISPR-
based gene editing research, published a commentary in Nature arguing for an immediate moratorium on
clinical human germline editing.7 Academy Presidents got into the act again. Dzau and McNutt, joined
this time with the President of the Royal Society of London, Venki Ramakrishnan, chimed in to endorse
the biologists’ call and proudly noted that their organizations “are leading an international commission to

5Dzau et al. 2018.
6National Academies of Sciences, Engineering, and Medicine, 2017.
7Lander et al. 2019.
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detail the scientific and ethical issues that must be considered, and to define specific criteria and standards
for evaluating whether proposed clinical trials or applications that involve germ-line editing should be per-
mitted.”8 The Presidents were very happy that the World Health Organization was carrying out a parallel
effort though one may wonder why such duplication is needed. Apparently, He’s experiments have made
the National Academies’ 2017 report obsolete because it was too permissive about germ-line editing. But is
there good reasoning behind this change of position?

Chinese authorities were clearly embarrassed by the uproar caused by He’s experiments. He was sys-
tematically investigated for compliance to all possible standards. A news agency reported that the official
conclusion was that He “intentionally dodged supervision, raised funds, and organized researchers on his
own to carry out the human embryo gene editing intended for reproduction, which is explicitly banned by
relevant regulations.”9 In respsonse to the investigation, He lost his job at the Southern University of Science
and Technology. Effectively, his career as a scientist has ended in China. But, to date, an official report has
not been released detailing what existing Chinese regulations He had violated in 2017 and 2018. In fact,
China introduced draft regulations protecting embryos from gene-editing only in May 2019 only after these
developments had taken place.10 Meanwhile, in Russia in June 2019, molecular biologist, Denis Rebrikov,
announced plans to target the same gene that He had focused on but to edit it differently in embryos which
he would then implant in HIV-positive mothers to reduce the risk of transmission of HIV.11 It is unclear
whether he will get the requisite permissions. Nevertheless, the genie is out of the bottle and will never be
put back in again.

There is also no international (or scientific) consensus against germ-line editing. For instance, twenty-
nine European countries have signed and ratified the Oviedo Convention which bans germ-line editing12 but
the list of signatories does not inlude Britain, Germany, Italy, or Russia. In the United States, the Food
and Drug Administration (FDA) requires an Investigational New Drug (IND) exemption for clinical trials
involving transfer and gestation of a DNA-edited embryo. A U.S. House of Representatives committee held
a hearing in 2015 after which Congress passed an omnibus spending bill that explicitly prevented the FDA
from using any of its resources to consider an IND application involving germ-line DNA modification.13 As
a result, germ-line editing cannot proceed at present in the United States without actually being illegal.
Independently, the National Institutes of Health (NIH) decided in 2015 not to fund any use of gene-editing
technologies in human embryos thus effectively banning germ-line editing in practice.

* * *

It is time to move beyond gut-level expressions of horror and outrage and examine if there are genuinely
ethical reasons to forgo germ-line editing in humans, especially for the purpose of eliminating genetic diseases.
Why not proceed with editing the human germ-line to replace disease-causing genes with their more benign
counterparts? Four “ethical” objections have been widely discussed and it behooves us to evaluate them.14

Perhaps the strangest of these is the “playing God” objection. In the Judeo-Christian-Islamic tradition
we are supposed to be God’s creation. It is supposed to follow from this premise that we have no right to
alter ourselves, at least not in such a fundamental way as to change the future genetic profile of the human
population. Though this objection seems to have impressed many people in the United States, particularly
those who consider themselves religious15, it is questionable if it has any merit at all. For one thing, every
time we choose to reproduce with someone, or choose not to do so, we affect the future genetic profile of
the human population. This includes instances in which someone may choose not to have children because

8Dzau et al. 2019.
9Normille 2019, p. 328.

10Cyranoski 2019b.
11Cyranoski 2019c.
12Coller 2019.
13Coller 2019.
14See, for example, Coller (2019). The discussion in the text draws heavily from this piece.
15Coller 2019.
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of a concern for passing down genes causing severe diseases such as Huntington’s disease. Take the case of
Nancy Wexler, a geneticist who was instrumental in the identification of the Huntington’s disease gene in
1983. She also happened to be the daughter, grand-daughter, and niece of people with the disease. Both
Wexler and her sister decided not to have children for this reason. Were they playing God? And, even if
they were, was it wrong to play God in this way? That hardly seems plausible, Moreover, can a stricture
not to play God ever override the responsibility to better the human condition by preventing the occurrence
of such diseases? That seems absurd.

Not much better is the objection that our genome constitutes our common human heritage and any
attempt to alter it shows culpable disrespect to that heritage. Just as we should not alter the Great
Pyramid of Giza or the Great Bath of Mohenjo-daro, we should not alter the human genome. We could
counter this argument by pushing this analogy further. A disease-causing gene is a change to the original
DNA sequence similar to damage to a heritage structure. Just as we would almost certainly try to restore
a damaged structure to its original form to the extent we can (for instance, as we are now trying with the
Notre-Dame of Paris), editing the genome would be restoring the original sequence. In any case, the analogy
is not very compelling. The human genome is a dynamic structure undergoing natural modifications all the
time. Evolution is based on this capacity to change. Even if we accept that our genome is our ultimate
human heritage, that heritage is one akin to a continually moving stream. Easing the flow of that stream by
removing impediments hardly shows disrespect to that heritage.

However, the other two objections are more serious. When we alter the genome of an embryo that leads
to a future child, we supposedly have altered that future child (and future generations) without obtaining
informed consent. The objection appears even more salient when we remember that the principle that
participants in medical procedures must give informed consent to that procedure constitutes one of the most
important progressive ethical advances in medical research and practice in the twentieth century. It was
one of the lessons we learnt from the medical horrors perpetrated by doctors in Nazi Germany. But this
objection has far too wide a scope to be definitive. Whenever we bring a child into the world, we do so
without informed consent from the child. (When we attempt to conceive a child, that child does not even
exist, let alone be in a position to give consent.)

Moreover, we recognize that a child even after birth (when its existence is undeniable) is still not in the
cognitive position to give informed consent until close to adulthood. So, we typically allow parents to assume
that role for children as well as for fetuses and embryos. From this perspective, changing the genome appears
very similar to other changes that parents may choose for in a fetus, for instance, to correct a congenital
structural problem. Nevertheless, there appears to be an ethically relevant difference: changes to the genome
are permanent and will persist into future generations in a way a structural fixes won’t. But, how real is this
difference? After all, given the CRISPR-like technologies we would be using, future individuals may also be
able to change the genome back to its original form. Moreover, given that the change would be preventing
a severe genetic disease, it does not appear very plausible that future generations will want to revert to the
original form.

The final objection is the most compelling. Trying to eliminate disease-causing genes presumes that
these genes deserve to be eliminated because of how they affect the human phenotype. But, for the last
three decades, disability advocates have been pointing out that those without disabilities should not make
a priori judgments about the quality of life experienced by those with disabilities.16 In many cases those
who are perceived as having disabilities view themselves only as different from other groups in society and
not necessarily disadvantaged. Sometimes, they choose to reproduce this difference and the cultures of life
associated with them. Some deaf parents prefer to have deaf children.17 Hearing children of deaf parents
often view deafness as a culturally different life style rather than as a disability. Thus we should worry
whether we are imposing our own values without due justification when we target a gene for elimination.

Moreover, the last few decades have also been marked by social progress in the form of acceptance and
accommodation of those with disabilities, for instance, in the United States with the passage of the Americans
with Disabilities Act of 1990. Beneficiaries include those with genetic conditions. To some extent having

16Parens and Asch 2000; Amundson 2005.
17Bauman 2005; Mand et al. 2009.
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many of these conditions have been destigmatized which is a very welcome development. All this progress
may well be lost if these attempts at cultural accommodation of human diversity is replaced with programs
for gene elimination, especially through germ-line modification.

There is a two-fold response to these problems. The first is to be sensitive about the choice of language,
for instance, possibly through the use of gene modification rather than elimination which, also, is more
accurate in describing what CRISPR-based gene editing would do. Disability activists have a crucial role
to play in establishing such linguistic conventions; even well-intended linguistic choices should not be made
without their input. The time for beginning such a discussion has come. Should we even talk of disability?
How do we present differences characteristic of a “disabled” condition in language that is not value-laden in
such a way as to encourage stigmatization?

Second, and more important, and here we will reluctantly continue to use the customary potentially
problematic language until new conventions are proposed and accepted, the elimination of disease-causing
genes should be restricted for the time being to a clearly demarcated small set of genes that are directly
causally implicated in diseases for which there is no cure or adequate management. Huntington’s disease,
myotonic dystrophy and, most likely, cystic fibriosis are the kind of diseases that seem to provide good ex-
amples though the case of Huntington’s disease presents complexities that we will shortly discuss. Moreover,
these are diseases for which there seem to be no advocates suggesting that they are just differences that they
would prefer to see persist in their children.

But there remains a residual problem that won’t go away. Recall Woody Guthrie. There is no question
that he would have much preferred a life without the prospect of Huntington’s disease looming over him in
early life and then, later in life, causing his mental and physical deterioration. But there are those who have
maintained that the disease was also a source of his brilliance as a songwriter. According to one biographer,
both one of his doctors and his wife speculated as much:

“And while it would be absurd to suggest that Huntington’s disease made Woody Guthrie a
brilliant songwriter, Dr. Whittier (and, later, Marjorie Guthrie herself) would wonder aloud if
the disease hadn’t worked like a drug on Woody, as a creative spur (in much the same that
some artists use alcohol and other drugs), enhancing his natural rhyminess, forcing the brain to
continually rewire itself as cells died, forcing new, wonderful, and unexpected synaptic pathways
to open (which also led to some unexpected and not so wonderful behavior), forcing the brain
to become—in effect—more creative to survive; and then, after a point, exhausted and starving
for energy, the synapses and ganglia short-circuiting . . . preventing him from concentrating on
anything, making him fidgety, antsy, causing him to lose perspective and, eventually, his creative
sense of himself.”18

More recently, yet another physician, John Ringman, has developed the same argument even more force-
fully.19 The claim seems to be that Huntington’s disease contributed to Guthrie’s brilliance. So, perhaps,
according to this line of reasoning, we should not eliminate its gene from the population. We revere people
like Woody Guthrie and society would be better of with more of them. But does this speculative loss of
brilliance outweigh the very real suffering that Guthrie endured (along with those who also are victims of
this disease)? And isn’t it also the case that, in arguments of this sort, as with disability activists generally,
the voices that matter are those of who are affected rather than those of others who choose to interpret
their experiences for them? There is no doubt that Woody Guthrie would have preferred not to have had
Huntington’s disease.

The conclusion should be that we don’t have good ethical reasons to proscribe all interventions into the
human genome. Moreover, we should also remember that we may even be blamed by future generations if
we fail to act to eliminate from the population genes that cause severe disease just as we may be blamed for
not eliminating pesticides and other environmental pollutants when we have the capacity to do so. Children
may also blame parents for producing them with clearly defective genes which they could have removed
around the time of fertilization.

18Klein 1980.
19Ringman 2007.
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* * *

But this is where science intervenes to suggest caution, perhaps even skepticism. It reminds us how many of
the promises of benefits of gene editing are no more than hype. Let us return to the claims of He Jiankui.
He’s results have never been published in a peer-reviewed journal and are impossible to assess satisfactorily.
Nevertheless, He presented enough detail at the Hong Kong conference for scientists present at his talk
to express strong doubts about the credibility of his results.20 Using CRISPR/Cas9-based techniques, He
targeted for disruption the gene for the CCR5 protein in immune cells. CCR5 was targeted because it is
used by the HIV virus to establish an infection. He claimed to have disabled both copies of the CCR5
gene which would be necessary to confer immunity to HIV. Though He’s slides were too dense with data
to analyze properly during his hour-long talk, several scientists later claimed that his data showed that at
least one of the girls continued to have one functioning CCR5 gene which would mean that He’s procedure
had conferred no immunity to HIV in her case. She remains as susceptible to AIDS as before. Moreover,
He had not carried out any experiment to test whether cells from the girls were actually immune to HIV.
Equally troubling, though He claimed that his use of CRISPR/Cas9-based techniques had not generated any
off-target mutations in the girls’ genomes, he did not present even preliminary data to support that claim.

What all this means is that He presented no evidence to suggest that he had established the accuracy of
his procedure: that it reliably targets the intended sequence correctly and only that sequence. The procedure
would have been inadequate if only one copy of the CCR5 genes was edited. Accuracy is thus a scientific
criterion with normative consequences: if a procedure for gene editing is not accurate, then there is good
reason to proscribe its use in human beings. CRISPR/Cas9-based techniques are in general much more
accurate for gene editing than the older methods they have replaced but they are still not perfect. For every
potential case of gene editing, particularly germ-line editing which is much harder to reverse than somatic
gene editing, accuracy must be established. This is what He failed to do and problems such as this are far
more serious objections to his experiments than his failure to satisfy murky regulations about oversight.

He’s experiments had even worse problems. He chose the CCR5 gene for editing because some people
carry a 32-base deletion known as a ∆32 mutation that deactivates the gene and provides an impediment
to HIV infection. This mutation is well-studied but the actual mutation that He introduced was different,
and one for which safety had never been studied even in animals other than humans.21 Moreover, a recent
analysis showed that people with two copies of the ∆32 mutation may have lower life expectancy than those
without them. The mutation may also make people more susceptible to influenza and West Nile virus.22

He thus appears not have paid due attention to safety, perhaps the most important criterion that medical
procedures must satisfy and one that is not restricted to gene editing. Further, even when a gene is clearly
implicated in producing a phenotypic change, the question of safety remains paramount before editing should
be contemplated because of the generally very complex relationships that exist between gene and trait. This
is the problem of specificity which will be treated in some detail below because it has not received sufficient
attention even though it is central to the question of when germ-line editing should be permitted. One-to-
one correspondences between genes and phenotypes are very rare. Complexities abound and they lead to
unintended consequences. There is epistasis, or interactions between multiple genes to produce a trait, as
well as pleiotropy, when a single gene affects multiple traits.

For instance, in humans, the CCR5 gene interacts epistatically with genes for proteins called β-chemokines
to mount an immune response to flaviviruses which include several tick-borne viruses as well as those that
cause chikungunya, dengue, yellow fever, and Zika, besides the West Nile virus.23 The SLC39A8 gene on
chromosome 4 in humans is believed to play a causal role in producing hypertension and Parkinson’s disease.
There is a common variant of SLC39A8 that is known to decrease the risk for developing hypertension
and Parkinson’s disease and we may be inclined to consider gene editing in order to introduce this allele.24

20Cohen 2018. Details are from this source.
21Cyranoski 2018.
22Reardon 2019.
23Cyranoski 2018b.
24Lander et al. 2019.
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Yet, a 2018 report points out that, because of pleiotropy, the same allele is believed to increase risk for
schizophrenia, Crohn’s disease, obesity and, possibly, other diseases. This is a textbook case of pleiotropy;
whether SLC39A8 also has epistatic interactions with other genes is not known.

Even before the popularization of CRISPR/Cas9 as the preferred method for gene editing, some spec-
tacular cases of pleiotropy were seen in livestock that had been subjected to germ-line editing.25 The gene
MSTN codes for the protein myostatin which inhibits the growth of large muscles in mammals (including
humans). Biologists at the Chinese Academy of Sciences eliminated the MSTN genes from cloned pigs in
a successful effort to generate leaner meat. However, 20 per cent of these gene-edited pigs had an extra
vertebra. Biologists at Nanjing Agricultural University used CRISPR/Cas9 to remove MSTN in rabbits to
generate more meat. Once again, they were successful at that but fourteen of the thirty-four gene-edited
rabbits were born with enlarged tongues. In another Chinese laboratory, when MSTN was removed from
lambs, they had to use caesarean sections to birth them. In Xingiang, when CRISPR/Cas9 was used to alter
the ASIP gene in Merino sheep with the aim of creating breeds with set wool color, the alteration decreased
reproductive ability to such an extent that only a fourth of the implanted ewes carrying to term compared
to what happens without gene editing.

* * *

The concept of gene specificity merits a discussion of its own. It was proposed in the 1920s but it never
quite made it into the standard version of genetics even though we now recognize its importance. Specificity
was introduced along with two other concepts, penetrance and expressivity, which are also highly relevant
to how genes act and will be discussed below. The story of specificity involves two individuals, both living
and working in Berlin at the time, who were colorful enough to have novels written about them.26 It also
involves Lenin’s brain.

The first of these individuals was Oskar Vogt, a well-known German neuroanatomist who typically worked
in collaboration with his French wife, Cécile Vogt-Mugnier. Since the 1890s the Vogts’ research program had
been centered on the architectonics of the brain, that is, the size and form of the neural cells and their spatial
organization, all of which, or so the Vogts believed, determined brain function. By the 1920s, when our story
begins, Oskar Vogt was at the height of his profession and a Director of the Kaiser Wilhelm Institute for
Brain Research in Berlin as well as editor of several journals in the field. This prominence is what brought
him into contact with Lenin’s brain.27

In the 1920s, in the immediate aftermath of World War I and the Russian revolution, the Western boycott
of German scientists and the West’s visceral hostility towards the Soviet Union had led to increased scientific
contacts and collaborations between German and Soviet scientists. The Germans, including Vogt, frequently
traveled to the Soviet Union. (Politically, Vogt was a socialist and these contacts with the Soviets were
probably even more welcome for him.) In the Soviet Union, by 1921, Lenin, the undisputed leader of the
governing Communist Party, had begun to complain of fatigue, intense headaches, nausea, and insomnia;
by 1922 he had placed himself under the care of German doctors. The same year Lenin suffered from two
strokes and, in January 1923 Vogt, who was attending a neurology congress in Moscow, was called in as a
consultant for Lenin’s treatment. Despite the German physicians’ best efforts, Lenin suffered a third stroke
in March 1923 and subsequently died in January 1924. Vogt was asked to examine Lenin’s brain which was
sliced into sections for microscopic examination between 1925 and 1927. A special institute was set up for
him in Moscow though he only supervised it from Berlin, meanwhile focusing his own investigation of Lenin’s
brain on a single section he was allowed to take outside the Soviet Union.

Vogt was aware that the Soviets hoped that his neuroanatomic evidence would show that Lenin had an
outstanding intellect; in a preliminary report that he produced in 1927, he duly provided such an interpreta-

25Rana and Craymer 2018; all examples in this paragraph are from this source.
26The first is Lenin’s Brain by Tilman Spengler (1993; originally published in German as Lenins Hirn, 1991). The second is

The Bison: A Novel about the Scientist Who Defied Stalin by Dainiel Granin (1989; originally published in Russian in 1987).
27The story that follows is based on Laubichler and Sarkar (2002) and Gregory (2008).
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tion.28 However, in some articles and speeches he also claimed to find similarities between Lenin’s brain and
those of criminals. These observations emboldened his many critics in Moscow who disapproved of having
Lenin’s brain analyzed by a foreign scientist who was beyond the Party’s control. What Vogt did not know
was the political significance of his report. In 1922, shortly after his second stroke, and presumably aware
that his end may be near, Lenin had dictated a testament that was critical of several Communist Party
leaders, especially of Stalin whom he wanted removed from the power position of General Secretary.

After Lenin’s death, what was politically at stake in the Soviet government was the state of Lenin’s mind
when he castigated Stalin. The Communist Party, which controlled all facets of the Soviet government, was
embroiled in a factional dispute between Stalin and Trotsky and their respective allies. While somewhat
critical also of Trotsky, Lenin’s testament also gave him glowing praise and there was no doubt whom Lenin
would have preferred as his successor. Vogt’s report suggested that Lenin was fully mentally capable at the
time when he dictated the testament. Though Lenin had intended his statement to be published, and it
was circulated within the Central Committee of the Communist Party, it was not made public within the
Soviet Union until 1956 (that is, after Stalin’s death in 1953) though the New York Times published it as
early as 1926.29 Stalin survived Lenin’s indictment by suppressing the statement and eventually killing all
his opponents. Trotsky went into exile and was eventually assassinated by one of Stalin’s agents in México.
Stalin went on to preside over one of the twentieth century’s most brutal regimes. Meanwhile, in Berlin, the
Nazis deposed Vogt from his academic positions in Berlin and he lost control over Lenin’s brain much to the
relief of Stalin and his allies.

Evenn if he was aware, and there is little evidence of that, Vogt was probably not much concerned
with the political ramifications of his work. What is most pertinent to our story is that Vogt, though
trained purely as a neuoranatomist, had extensive interests in evolution and genetics which he believed to
be highly relevant to neuroanatomy. Between 1900 and 1920, as Mendelian genetics came of age, Vogt
became convinced that psychiatric conditions were inherited and mediated through genes. He hypothesized
an analogy between the rules governing morphological variation in insects and the temporal sequence of the
emergence of psychological abnormalities. Because he was dealing with psychological traits, Vogt was forced
to accept ubiquitous plasticity, that is, variation in how a trait manifests itself, as opposed to the much more
deterministic view of gene action endorsed by most Mendelian geneticists including those in Germany. At
home, Vogt remained outside the mainstream genetics community.

In contrast, in the Soviet Union, probably because the official ideology of dialectical materialism rejected
genetic determinism, a more nuanced view of gene action was popular. Vogt found a more receptive audience
for his views at Institute of Experimental Biology in Moscow. A distinguished genetics group had formed
there and the two members who impressed Vogt most were D. D. Romashov and Nikolai W. Timoféeff-
Ressofsky. Both had discovered mutations in fruit-flies that let to detectable changes in wing patterns but
of varying strengths. Timoféeff, in particular, had examined the effect of the same mutation in different
genetically identical lineages or “pure lines” of flies. In the different pure lines, only a fraction of the flies
exhibited the effects of the mutation and the value of this fraction was characteristic of that line. In 1925
Vogt arranged for the publication of both results in a journal he edited, the Journal für Psychologie und
Neurologie, which was an unusual venue for fruit-fly genetics. Vogt also arranged for Timoféeff and his wife
and collaborator, H. A. Timoféeff-Ressovsky, to move to the Kaiser Wilhelm Institute for Brain Research in
Berlin.

In 1926 Vogt published a long paper interpreting the Soviet results. This paper introduced the three
concepts that concern us here. First he attributed a concept of “specificity” to Timoféeff even though
the latter was yet to publish anything on the topic: “Timoféeff . . . correctly distinguishes different grades
of specificity. The author then speaks of strong specificity when the mutation mainly always expresses
itself through a strongly identical change of the same trait.”30 He then went on to introduce a concept of
“penetrance,” the “tendency [of a mutation] to prevail.”31 He showed, by example, that what he had in
mind is the variation in the rate at which a mutation appeared in Timoféeff’s pure lines. In other words, he

28Richter 1991.
29Eastman 1926.
30Vogt (1926), p.p. 810 -811; Laubichler and Sarkar (2001), p. 82n. All translations from Vogt’s work is from this work.
31Vogt (1926), p. 809.
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viewed penetrance as the probability that a gene, if present, will manifest itself—this remains, essentially,
our modern view of penetrance.

Finally, Vogt argued that a third concept had implicitly been used by Timoféeff. This concept was the
“expressivity” of a mutation: this was the degree to which a gene manifested itself. It was distinguished
from penentrance because a highly penetrant mutation could have low experessivity, that is, almost everyone
with the mutant gene would show its effect but only weakly; and vice versa when very few carriers showed
the effects of a gene but those that did showed it very strongly. What mattered to Vogt was that variability
in specificity, penetrance, and expressivity would lead to a trait vary all over the spectrum of its possibilities
even if it were the result of a gene mutation. Thus, with these conceptual innovations, Vogt was able to
maintain that psychiatric conditions were of genetic etiology even when they did not seem to be inherited
according to the sharp rules of Mendelian inheritance.32

It should come as no suprise that the Timoféefs endorsed Vogt’s new concepts whole-heartedly. In an
important paper also from 1926, they devote an extended footnote to the three concepts:

“The term ‘penetrance’ (O. Vogt 1926) describes the ability of the factor [gene] of a phenotype
to manifest itself. There are (strongly penetrant) factors, which always manifest themselves phe-
notypically, while others (weakly penetrant) come to be expressed only in a certain percentage of
cases. The degree to which the factor manifests itself in the phenotype of the trait is described by
the term “expressivity.” The factors penetrance and expressivity can change independently of one
another under the influence of certain other factors. . . . Aside from dominance, penetrance, and
expressivity the factors have a certain “specificity,” i.e. the ability to always manifest themselves
through a certain phenotypical trait. Various factors . . . can have all just listed characteristics to
various degrees.”33

There is some irony here. The Timoféeff’s account of penetrance and expressivity is much clearer than that
of Vogt who introduced those terms while Vogt gave a much clearer account of what Timoféeff seems to have
meant by specificity.

Over the next two decades penetrance and expressivity entered into the standard vocabulary of genetics,
especially human genetics. Their adoption was helped by Timoféeff’s rising reputation as a geneticist within
the mainstream genetics community.34 In early discussions of the Human Genome Project there was ample
attention to the problems of incomplete penetrance and variable expressivity of genes that were supposed
to be for a given trait.35 The problem was the following. The late 1980s ad early 1990s were flush with
reports of discoveries of genes for complex human behavioral traits, for example, adolescent vocational
interests, alcoholism, autism, bipolar affective disorder, male sexual orientation, neuroticism, obesity, reading
disability, schizophrenia, spatial and verbal reasoning, and so on36—Vogt would have been ecstatic. These
claims were reported with such great gusto in the popular press that we used to joke about a new principle
of human genetics: “one adjective, one gene.”37 What was ignored, especially in the popular press, is that
each such scientific claim came with multiple caveats: that the gene was only part of the causal story; that
the identified gene had a very small over-all effect on the trait; and that the gene typically had very low
penetrance and weak expressivity. We then need to ask, if gene a is for trait x, but has low penetrance and
expressivity, what is the sense in which gene a is for trait x? After all, most individuals with gene a would
not show trait x—this is what low penetrance means, and even those who did show te trait would do so only
to a very limited extent—this is what low expressivity means.

This problem was never satisfactorily resolved. Genomics since the Human Genome Project has shown
that, except in a vanishing few cases, for any complex trait, to try to say that any particular gene is for that
trait, is misleading—a mug’s game, to boot. But in the age of CRISPR, it is important to know, wiht high

32Of course, as critics have pointed out, calling such traits “genetic” has no teeth—the relevant genes are only a small part
of the causes of the origin of the trait (Sarkar 1998; Laubichler and Sarkar 2001). All that the new terms do is to enable an
ideological insistence on the importance of genes in the face of recalcitrant data. But that is a story for another day.

33Timoféeff-Ressovsky and Timoféeff-Ressovsky 1926, p. 150n; original translation.
34Laubichler and Sarkar (2001) reconstruct this story.
35See, for instance, the discussions in Holtzman (1989) and Sarkar (1998).
36The list is from Sarkar (1998), p. 2.
37See Falk (1991), p. 477.
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precision, that a targeted sequence is for the intended change before we modify the germ-line. Penetrance
and expressivity are important, as we shall see, but what is critical is specificity as conceived by Timoféeff
and Vogt. Gene editing of the germ-line requires that specificity be high. We turn to what that means.

* * *

Unlike penetrance and expressivity, specificity never made it into the standard vocabulary of genetics. It
does make into Rieger and Michaelis’ first (German) edition of the Glossary of Genetics and Cytogenetics38

and is kept in the subsequent editions. However, this glossary defines specficity as the “quality” of a gene’s
action and goes on to claim that no clear distinction is possible between specificity and expressivity. No
wonder that so little attention was paid to it. Though this glossary is generally reliable, the characterization
of specificity it gave was less than adequate

In the context of impending widespread germ-line editing in multiple species, it is time to revive the
concept of gene specificity. The basic idea is that of Timoféeff as explained by Vogt: specificity measures the
extent to which a gene does exactly what it is supposed to do, that is any change in the gene in any individual
induces “a strongly identical change of the same trait.” We only need to be clear about what constitutes
high enough specificity to make germline editing permissible for disease genes. High specificity will subsume
requirements about penetrance and expressivity. A proposed genetic change should be regarded as having
the required high specificity provited it meets three conditions.

First, we should impose a complete penetrance condition: The induced genetic change must have complete
(or almost complete) penetrance for the trait it is supposed to affect. This means that all (or almost all)
persons with the edited gene will exhibit the changed trait. Recall that we decided to set the stakes high for
when we would be willing to intervene in the germ-line. If this condition is accepted, we will not allow edits
that affect just most individuals with the edited gene. We want to be sure that all (or almost all) individuals
with the edited genes will show the trait change we are trying to achieve.

Second, we should impose a constrained expressivity condition: The induced genetic change must have an
expressivity that falls within clearly understood boundaries of what is permissible. Simply being penetrant
in almost all cases but only producing marginal improvements in a trait is not good enough reason for a
germ-line intervention. For disease genes, the edit must produce the complete absence of disease.

Third, we should impose an exclusive effect condition: The induced genetic change must only affect the
intended trait and no other. This is the heart of specificity. It prevents the types of gene editing discusses
earlier in which some fraction of individuals show unintented changes such as the deformities that were
mentioned earlier.

* * *

Our final proposal, then, is that we proceed with caution: in the context of recognized genetic diseases, human
germ-line editing should be permitted for a set of genes provided that the protocol to be used satisfies the
requirements of safety, accuracy, and specificity for the targeted gene. In general, specificty will be achieved
in the case of those traits, including diseases, that are controlled by a single or very few loci so as to exclude
epistasis as an important factor. Pleiotropy is inimical to specificity because it violates the requirement
that changes in the gene should only affect the intended trait and no others. CCR5, MSTN, and ASIP are
examples of genes that do not satisfy the specificity requirement. This proposal would not have permitted
He’s experiments.

The urge to edit the human germ-line has largely come from our long exposure to diseases cause by single
genes, that is, malfunctioning alleles at a single locus, particularly when they are dominant. By and large

38Rieger and Michaelis 1954.
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these will satisfy the specificity condition. Cystic fibriosis and myotonic dystrophy remain good examples.
Problems of penetrance complicates Huntington’s disease in an unusual way. The mutant “gene” for this
disease is not a single allele: there are hundreds of variants all implicated in generating the symptoms
associated with it; dynamic changes in the genome during reproduction generate that variety. It will be
instructive to look at this problem in more detail.

Huntington’s disease is caused by an expanded and unstable repeats of a CAG (cytosine-adenosine-
guanine) triplet in the gene which normally codes for a protein that has been named “huntingtin.” (The
exact function of this protein remains unknown though it is believed to be involved in long-term memory.)
The CAG triplet specifies the amino acid residue glutamine in the protein in encodes. The more repeats there
are, the longer the chain of glutamine there will be in the mutant huntingtin molecule. Normal individuals,
that is, those without Huntington’s disease have between 11 and 26 CAG repeats.39 Those who have more
than 40 repeats of this triplet are supposed to have a 100 per cent probability of developing the disease. We
then have complete penetrance. There have been cases with as many as 250 repeats. A number of repeats
between 36 and 39 is associated with variable penetrance (from 25 per cent at 36 repeats to 90 per cent at
39 repeats). The clinical course of the disease varies widely even for those with the same number of repeats.

Symptoms of Huntington’s disease typically develop between 35 and 45 years of age though the range
varies from two to 80 years. For instance, Woody Guthrie had two children from his first marriage who
developed juvenile Huntington’s disease (that is, showed symptoms before the age of 20) but both lived to
be 41 years at the time of their deaths. In general, the number of CAG repeats is believed to be predictive
of the age of onset with higher numbers leading to earlier onsets.

Does Huntington’s disease satisfy our specificity criterion? Suppose we accept a penetrance of 90 per cent
as a reasonable threshold for intervention through germ-line editing. Then only those mutant disease alleles
with 39 or more repeats would be available for germ-line editing. But what about those who do develop the
disease with fewer repeats but, nevertheless, have severe symptoms? Shouldn’t their sufferings have been
prevented? Moreover, part of the dynamics of Huntington’s disease over generations involves an increase in
the number of repeats during reproduction, particularly during meiosis and the formation of sperm in males.
So, not intervening even in situations where a variant at present contains only a small number or repeats
over 26 will lead to the continued persistence of severe Huntington’s disease in the population in the future
because of the amplification of these repeats each generation.

It thus appears that our proposal is too restrictive. We may want to accept that limitation for the present
because, as we embark on human germ-line editing, which is unprecedented (with He’s attempts beng an
exception), it seems wise to restrict ourselves to cases in which there is no plausible question regarding
the desirability of intervention through germ-line editing. We may then gradually expand our repertoire of
permissible germ-line edits in the future after we become better aware of consequences including, especially,
unintended consequences if any, of the results of editing. We should also note one way in which our proposal
is quite permissive in some ways. We are not restricting editing to only those diseases for which there is
no other option, that is, where intervention at the genetic level is the last resort. We are also not requiring
high expressivity for the disease gene itself in the sense that the symptoms of the disease must be severe.
We are only constraining the expressivity of the edited gene to be such that it results in an indubitably
healthy phenotype. Of course, in practice, it is unlikely that any one would propose even somatic, let alone
germ-line, gene editing unless a disease has severe effects.

* * *

So far, in this chapter, we have not considered who would make the decisions to edit a germ-line with the
intention of removing a faulty version from the population. Much of this book concerns only liberal eugenics
and, from the perspective, germ-line editing would be part of individual reproductive decision, for instance,
when parents decide to choose the genetic profile of an embryo that would eventually be brought to term.

39Arévalo et al. 2001. Details about Huntington’s disease are from this source.
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Such a process directly influences the genetic profile of an individual. It will not remove a gene from the
entire population if there remain parents who choose not to eliminate a gene. Even if such parents can
eventually be convinced to eliminate the gene, its elimination from the population as a whole would still be
a slow process.

So be it. Proceeding slowly, and with caution may be a virtue when we are embarking on policies for
which we only have very scary precedents, that is, eugenic attempts of the past. However, liberal eugenics
is not the only eugenic option in town. We can imagine elimination of disease genes emerging as matters
of social policy. For instance, is we eventually achieve socialized medicine, social cost considerations may
suggest that certain genetic diseases be prevented through gene elimination rather than be managed through
expensive treatments. However, there may be very good reason to resist any such move on the ground that
reproductive decisions should remain a matter of personal choice not to be trumped by social policy.
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