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An Introduction to Ethics in the Age of Genomics
and Bionics
By Ruth Scheuer, RN, DrPH, JD
In April 1994 “The Lawful Uses of Knowledge from
the Human Genome Project” was published (Grad
Report).1
The impetus for its publication was the Human Genome Project, the enterprise that would unravel the human genetic code. An integral part of the Human Genome
Project, the Grad Report was a milestone that sought to
identify the unprecedented ethical, legal, and social issues that would arise once the human genetic code was
broken.

“[T]he United States must deal with
how to ethically and legally prevent, if
possible, private individuals from using
and abusing information they obtain from
their own DNA samples and DNA samples
of others.”
The bioethical and legal priorities the Grad Report
identified were:
• fairness (freedom from discrimination on the basis
of one’s genetic information);
• privacy (the extent to which an individual controls
their genetic information):
• delivery of health care (the practices of health care
providers and researchers in generating genetic information); and,
• education (informing health care providers, researchers and the public of the nature of genetic
information, its use and misuse).2
Since the Grad Report there have been regulatory
advances in meeting its priorities, especially in the area
of privacy of health-related information.3 However, many
of the legal considerations needed to protect the privacy
of genetic information in the 21st Century have yet to be
enacted. This is because individuals will soon be able to
access not only their own genetic information, but that of
family members, friends, and even enemies—an eventuality not anticipated by the Grad Report.

1.

An Overview of Genomics

The inability to guarantee patients that their de-identified, that is, anonymous, genetic information could be
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kept confidential became more apparent when researchers at the Whitehead Institute were able to show it was
possible to discover the identities of subjects who participated in genetic research studies by cross-referencing
their genetic data with publicly available information.4
It also became apparent that a Pandora’s Box had
been opened when consumers could discover critical
information about their own genetic make-up simply by
providing a sample of their DNA to private companies,
such as 23andMe.5 Thus, as discussed in the accompanying article “An Overview of Genomics and the Law,” the
United States must deal with how to ethically and legally
prevent, if possible, private individuals from using and
abusing information they obtain from their own DNA
samples and DNA samples of others.

2.

Biobanks: Goals, Challenges, Ethics and the
Law

Biobanking also presents issues of genetic privacy. Of
critical importance is what information must be disclosed
to a donor of a tissue sample when a medical problem
is discovered that may or may not be treatable. When
does the duty to warn begin, and who bears that duty?6
As noted in the accompanying article “Biobanks: Goals,
Challenges, Ethics and the Law,” this is also a critical issue when research subjects are asked to provide tissue for
further study. While the use of community focus groups
engaging with the public goes to the issue of education,
that education must provide an honest assessment of
whether and under what conditions a person’s genetic
privacy can reliably be protected.

3.

Navigating the Control of the Body in the
Age of Biotechnology

The article “Navigating the Control of the Body in the
Age of Biotechnology” poses some very interesting questions. First, what is the right of a citizen to decide how to
dispose of his or her tissue and organs?7 In the U.S., blood
is considered a service and not a product, and for ethical,
medical and legal reasons, the sale of blood by an individual is not permitted.8 Until recently, the sale of bone
marrow was banned, but under a narrow ruling, the prohibition was overturned by the 9th Circuit.9 That prohibition does not apply to plasma. While some countries may
compensate an organ donor for medical expenses and
time off from work, the sale of organs is not permitted in
this country nor any other country except for Iran.10 There
remains a desperate need for more organ donations.11
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The right to control one’s body is very limited under
some circumstances. The right to an abortion has come
under increased scrutiny in the U.S. and efforts to limit
that right are increasing. According to the Guttmacher
Institute, “An unprecedented wave of state-level abortion
restrictions swept the country over the past three years,12
where there is no exception for the life or health of the
mother during pregnancy.13
In years past, a Jehovah’s Witness who was a mother
would not be permitted to refuse blood, because her
death might make the state locus parentis. This argument
apparently does not seem to apply in the case of a forced
pregnancy that threatens a woman’s life. This again
points to the fact that frequently ethical issues cannot be
fully evaluated without looking at the religious, ethnic
and political beliefs of the people involved.14
While surrogate contracts are permitted in some
states, in New York a woman may not enter into a contract to become a surrogate.15 Yet she may do so in some
other states.16
Surrogacy raises ethical concerns, such as the possibility of coercing poor women into surrogacy, and legal
issues, such as breaches of surrogacy contracts, the rights
of the gestational woman versus the donor, and the best
interest of the child.

4.

Regulating Science: Genomic Editing, the
Embryo and the Lives of Our Children

The ethical issues involving the new CRISPR-Cas9
gene editing technology were well laid out in the accompanying article “Regulating Science: Genomic Editing,
the Embryo and the Lives of Our Children.” This article
asks us to be mindful of the eugenics movement, born in
the United States in the 1920s, as a social movement to
improve the genetic features of humans through selective breeding and sterilization. It was, unfortunately, a
forerunner of Hitler’s movement to create a perfect race,
which resulted in the extermination of undesirables,
including the mentally defective, the disabled, and the
Jews.
Transhumanists argue that parents have a moral
responsibility (creative beneficence) to use all effective
methods to conceive the healthiest child possible.17 In
light of the soaring cost of health care is this a basis for
a legal obligation to eliminate genetic variants before
conception?
Is it ethical for parents to abort a fetus with a known
genetic variant that may result in mental retardation or a
disabled child?
On the other hand, who determines what constitutes
a disability? For example, many who are deaf reject the
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notion that they have a disability and may ask that only
embryos which have the gene for deafness be implanted.
This is the issue raised by Dena Davis in her article
“Genetic Dilemmas and the Child’s Right to an Open
Future.”18
Additional bioethical issues abound. For example,
Ohio has passed legislation that would make it illegal for
a doctor to perform an abortion if a woman is terminating
her pregnancy to avoid having a baby with Downs Syndrome.19 Is it appropriate for a government to prevent a
parent from making such a decision? Is it ethical to assist
a couple to produce a child in order to provide hematopoietic stem cells, or serve as an organ or tissue donor for
another child?20
The arguments for and against research on embryos
were discussed in the accompanying article as noted
above. However, there is virtual agreement that embryonic research must be scientifically valid, subject to strict
oversight and approved by the donor. Some argue that
even where de-identified frozen embryos are used, the
donor’s consent is required. The same need for informed
consent has been suggested for research using gamete
donors.21
There are fears that researchers may one day be at a
point when it is used for human reproduction or cloning.
If we allow humans to be cloned what would be the effect
on the cloned child, the family and future generations?
Cytoplasmic hybrid embryos (using nonhuman oocytes to derive cell lines using human nuclear DNA has
been suggested as a means of grappling with a shortage of human oocytes for Somatic Cell Nuclear Transfer
(SCNT) research. Would such research result in a new
form of life, a chimera part animal part human and thus
change our view of the natural order of man?22

5.

Ethical Perspectives in Cybernetic Medicine

As we become increasingly dependent on robotics or
other artificial means of controlling our bodies, to what
extent will we lose control of our physical and mental
faculties if they become programmable by others? Will
there come a day when Alzheimer’s disease is cured, not
by pharmacological means, but by memory chips inserted
into the brain? It is not too far-fetched to think that in 20
years or less, instead of portable of wearable computers, we may have implanted computers that provide us
with instant information. The more information the chip
holds the higher the cost. Will the more detailed chip be
only available to the wealthiest? Bertolt Meyer, who has
a prosthetic arm, questions whether we are moving from
the science of repair to the era of a post-human future. At
issue is the concern that advances in robotics, nanotechnology, biotechnology and information technology are
29
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blurring the lines between healthy function and enhanced
performance. Will there come a time when healthy people
would chose amputation of a healthy limb in favor of a
prosthetic limb that would allow them to be faster, stronger or more dexterous?23 How does the passage of time
affect our ethical perspectives?24
The issue of autonomy and informed consent is debated in the use of Deep Brain Stimulation. This debate is
the focus of an article by Koivuniemi, et al., “When Altering Brain Function Becomes Mind Control.”25 Scientists
are now inserting chips or electrodes into a paralyzed
patient’s brain. The patient’s brain conveys information
to a computer to execute a task that the patient wants
performed using an otherwise paralyzed limb. This
method is also being used to allow the patient to control
a robotic limb to perform tasks such as using a spoon,
or walking.26 Who is responsible ethically and legally if
the computer malfunctions causing harm to the patient
or others—the patient, the computer programmer, the
developer of the computer, the person monitoring the
transaction?

be attached to a robot or to a human being? The issues
this presents for ethicists in the future, including who
controls the brain function, are beginning to be asked in
the present.
What seems science fiction today may be a reality
tomorrow. When Louise Brown, the first baby conceived
in a test tube, was born in 1978, it created a shift in how
humans control or manipulate reproduction (this was on
the heels of the Roe v. Wade decision permitting abortion
in the first trimester of life).29 While this was heralded
as a major scientific breakthrough, it also increased fears
about the misuse of technology. While in vitro fertilization is now an accepted technology, the impact of Louise
Brown’s conception continues today.30

“How we frame the ethics of
biotechnology in the 21st Century
will be a factor in how we view our
own humanity.”

The New York Times is launching a series on extending life through medicine, technology, and lifestyle. The
first article in this series is entitled, “Hoping to Transcend
Death via Cryonics.”27 It tells the story of a 23-year-old
woman, Kim Suozzi, with terminal brain cancer, who
chose to cryopreserve her brain upon her death. She
hoped that in the future, there would be a digital way to
preserve connections to her brain and generate a replica
of her mind. The concept may have been comically introduced to the public in the movie “Sleeper” in which
Woody Allen plays a cryogenically preserved man who
awakens 200 years in the future. However, Kim’s decision
comes at a time when President Obama has announced
his “ BRAIN” Initiative—“a bold new research effort to
revolutionize our understanding of the human mind and
uncover new ways to treat, prevent, and cure brain disorders like Alzheimer’s, schizophrenia, autism, epilepsy,
and traumatic brain injury.”28 Decoding the brain will
raise enormous ethical issues. Who has the right to make
decisions about changes in brain function (where the patient does not have capacity)? To what extent will those
changes change the person and who is to decide whether,
when or if such changes should be made?

Tremendous strides are being made in genetic engineering, improving our physical and mental abilities, and
advancing our knowledge of human behavior. The ethical
concepts of autonomy, beneficence non-malfiescience
and justice will continue to confront us, as they have for
centuries.

Since much of Kim Suozzi’s brain was damaged
by the tumor, it is not known how much of her damaged brain, if any, could be repaired in the event that it
is thawed years from now. Nor is it known whether her
brain could be replicated digitally rather than physically.
How much Kim would remain Kim? Would Kim’s brain

Knowing that ethics and law may be circumvented in
no way relieves us of the responsibility of providing ethical and legal guideposts along the way. How we frame
the ethics of biotechnology in the 21st Century will be a
factor in how we view our own humanity.

30

The articles in this edition delineate the myriad ways
constraints have been imposed on new technology. Some
of these constraints rely on state laws, others rely on
federal laws, and yet others are country-dependent. Constraints are also imposed by institutions, commissions, or
interested professional organizations. These constraints
define the limits of biotechnology advances which will
be tolerated. The limits we can or should go to control
biotechnology will always be weighed in light of politics,
religious beliefs and the law. However, history teaches us
that constraints, whether implied or actual, have always
been circumvented.
This teaching is likely to remain valid as we continue
to usurp the role of natural selection in evolution, change
the nature of human nature, and chart a destiny for all of
humanity.
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