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the science
behind

Although many would describe genetic en-
gineering as a logical extension of conven-
tional breeding, most genetically modified
organisms are unlikely to have evolved natu-
rally. The discovery of the structure and role
of DNA was the first step towards under-
standing the difference between living be-
ings and inanimate objects (although there
are living RNA viruses that do not contain
any DNA). Scientists are now inching their
way closer and closer to figuring out how
these molecular building blocks work. This
knowledge is making deliberate changes
possible, some of which cross larger dis-
tances between species than nature could in
only one step.

Gene technology is a modern science.
Many experiments carried out over the last
fifteen years or so were designed to increase
fundamental understandings of biological
systems. Other more recent and higher pro-
file mammalian studies have been more
closely associated with possible applica-
tions. While many of the immediate con-
cerns refer to the public health and
environmental safety of GMOs, the debate
surrounding genetic engineering has wid-
ened to include ethical and moral challenges.
Maori concerns about the disruption to es-
sential belief systems and the exploitation
of indigenous knowledge add a unique as-
pect to the ethical debate in New Zealand.

New choices, new
challenges
Biotechnology will add choice to people’s
lives. For example, genetic testing of em-
bryos will give prospective parents more
options about which children they want to
conceive or bear, or how to respond to
known increased risks of some disease. New
birth technologies will allow people to deal
differently with fertility issues and xeno-
transplantation will give some individuals
new therapies to prolong life.

But these added options also mean that
people will have to grapple with the issue
of how many of the choices are for the indi-
vidual to make and which ones should be
regulated by the wider public or community.
While many options will have clear benefits
for the individual, they affect more than the
immediately involved person and have
wider social ramifications. Recent examples
include the use of embryonic stem cells in
research and medicine. The advantage of
embryonic stem cells is that they are capa-
ble of developing into any kind of special-
ised tissue and could therefore be useful for
growing replacement skin, nerve tissue, or
any other organ. Scientists also use such
cells to study the genetic regulation of early
development and to work out how these cel-
lular all-rounders grow into highly special-

ised cells which may perform only one of a
myriad possible functions. As each cell con-
tains a copy of the entire human genome,
vast parts of it must be silenced in any type
of specialised cell and understanding the
mechanisms behind the process will add to
our options of treating conditions such as
cancer and a range of inherited diseases.
However, ethicists warn that parallel to such
progress, life will lose a lot of its mystery
and spiritual depth and could become noth-
ing more than a commodity.

The British government has already put
regulatory frameworks in place for the use
of embryonic stem cells in research and
medicine – in New Zealand that debate is
yet to happen.

Speedy change
Biotechnology is stimulating fast social
changes, putting pressure on traditional
configurations of social relationships that
have been assumed for a long time. For in-
stance, fertility clinics in New Zealand are
now asking for access to the latest technolo-
gies for testing embryos before they are
implanted in the womb. So far, if any ge-
netic tests were done at all, it would happen
in utero, at a point where the embryo was
already well established. The advantage of
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The development of gene technology has prompted more calls for moratoria than any other branch of research.
Genetic engineering differs from other scientific disciplines in that it modifies organisms. No other research
tool has come this close to understanding – and changing – the essence of life and many applications of GE
have therefore sparked a wide range of ethical concerns.
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pre-implantation tests is that any genetic
defects are detected early and parents are
spared the pain of having to consider a ter-
mination. But the ethical dilemma of such
early intervention was highlighted recently
when an American couple designed a baby
to produce a suitable donor for their older
child who was suffering from a genetic dis-
ease. The couple produced as many embryos
as necessary to find the optimal gene com-
bination to make their new child a perfect
genetic match for the older sibling. The cou-
ple concerned assured doctors that
they wanted another child anyway, but de-
cided to use technology to make sure the
new family member was also useful. Such
development will create new dynamics in
social relationships and will inevitably
shape society’s attitudes towards disease and
disability.

In another example, the social role and
economic future of small farmers is chang-
ing rapidly through the expanding role of
large multi-national companies in seed pro-
duction and their control over seed devel-
opment through patenting of any newly
developed material.

Changes in family structure, attitude to
health and disability, and the social role of
farmers have been taking place at all times
and have continued to shift society values,
but biotechnology is accelerating the
process.

Ethical frameworks
There are two main strands of ethics that
have developed around life sciences.
Bioethics emerged in the 1970s in the con-
text of medical developments; environmen-
tal ethics is a more recent area associated
with the increasing awareness of the func-
tions of ecosystems.

Bioethics
Bioethics emerged in response to the impact
of technology on medicine and the abuse of
human subjects during research. In New
Zealand this has led to the development of
ethics committees and the requirement for
any new health research proposal to gain
ethical approval before any funds are
granted. The patient-doctor relationship is
marked by the inequity of power, but it is
also bound by the ethics of care and the
do-no-harm principle, which underlies all
medical professions.

Animal ethics
Animal welfare has also become an issue in
the context of gene technology.  Animals are
being used both as research objects and as
living factories for the production of new
pharmaceuticals. Several such applications
have raised concerns, but the strongest criti-
cism is expressed against projects that use
animals not commonly used in research. For
example, scientists at the Crown Research
Institute AgResearch have been granted ap-
proval by the Environmental Risk Manage-
ment Authority for a field trial of genetically
engineered sheep. The animals are designed
to have a deletion in the myostatin gene
which is involved in the regulation of mus-
cle tissue development. The gene defect
occurred through natural mutation in the
Belgian Blue cattle breed, which grows up
to twice the amount of muscle in some ar-
eas. Apart from creating the same double-
muscled effect in sheep, the scientists hope
to learn more about muscle development
with a view towards new therapeutics for
muscle wasting diseases such as muscle
dystrophy. However, the double-muscling is
causing birthing problems for the cattle,
resulting in a higher number of Caesarian
sections, so the likelihood of the same prob-
lems occurring in sheep was one of the is-
sues that ERMA had to consider during the
application process.

Other bodies dealing with animal ethics
in New Zealand are the animal ethics
committees that operate under the Animal
Protection Act and the Australian and
New Zealand Council for the Care of Ani-
mals in Research and Teaching
(ANZCCART), whose mission is to promote
excellence in the care of animals used in
research and teaching and to ensure that the
outcomes of scientific uses of animals are
worthwhile.

Environmental ethics
People have always looked for better ways
to cope with nature and to enhance their
survival and health. Gene technology adds
a new tool to this quest, but because it cre-
ates new living organisms its impact will be
on the entire biosphere. Environmental eth-
ics draws on definitions of nature and crea-
tion, which differ for almost every culture,
so in contrast to bioethics, environmental
ethics is more influenced by religious and
spiritual traditions. Environmental ethicists
are often critical of the focus on the

individual that dominates much of bioethics,
as they pay more attention to the consequent
changes to wider social groupings and the
well-being of the non-human world. Envi-
ronmental ethics is also more concerned
about consequences across time, most
clearly illustrated in considerations about
how we change the world, and what options
we leave for future generations.

Maori concerns
Maori and other indigenous peoples are in-
creasingly raising concerns about the mis-
appropriation of indigenous knowledge and
the use of genetic resources by biotechnol-
ogy companies. In New Zealand, this led to
the Waitangi Tribunal 262 claim on indig-
enous flora and fauna. The claim was lodged
in 1991 and argues that the Crown has failed
to protect the rangatiratanga (sovereignty)
of Maori over both their genetic resources
and the cultural knowledge linked to those
resources.

Such concerns echo those voiced by other
indigenous groups who fear that research-
ers are taking advantage of traditional
knowledge and are accessing plants and
animals that may be useful for developing
new pharmaceuticals or other products.

In addition to this general concern, Maori
are calling for wider and more thorough
consultation, for the sharing of benefits
(monetary and skill transfer) arising from
any research, and the ability to maintain
intellectual property rights.

Many Maori also have strong objections
to gene technology because they see it as a
breach of their spiritual belief systems and
therefore as a moral and cultural offence.

In Maori mythology plants and people
have a common origin, both being offspring
of Tane as the controller of forests and
fertilisation. Maori see trees as living forms
senior in status to people because Tane
created plant life before people. They are
therefore respected as relatives, as the
link between people and their sacred
ancestors.

This sense of relatedness between peo-
ple and nature creates a feeling of belong-
ing to nature as an integral part, rather than
being a separate element. The basis for many
of the Maori cultural objections varies
among iwi, but most arise from concerns
about breaches to whakapapa (genealogy),
mauri (life forces), kaitiakitanga (guardian-
ship) and rangatiratanga (chieftanship,
sovereignty).
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A field trial of genetically engineered
cows raised particularly strong objections
within the Maori community. The cows are
engineered to carry a human gene so that
they produce a human protein in their milk.
The protein is being investigated as a possi-
ble therapeutic for people with multiple scle-
rosis. But for many Maori such crosses from
humans to animals are offensive because
they disrupt the line of whakapapa.

Other projects, such as the gene mapping
of tuatara, kokako and the saddleback, have
sparked criticism because they are seen as a
breach of Maori sovereignty over native
species.

The legislation covering ERMA requires
that the authority take advice on Maori is-
sues. The body providing such advice is Nga
Kaihautu Tikanga Taiao.

Is GE helping the Third
World ?
The overwhelming majority of the world’s
population continues to rely on agriculture,
animal husbandry, forestry and fisheries as
the main sources of their income. The rapid
population growth in the Third World is
likely to intensify such activities and the
rate of resource extraction from our eco-
system.

One of the arguments used by proponents
of gene technology is that GE crops could
alleviate world hunger because they are
designed to grow in areas of low fertility or
high salinity and aridity. However, critics
argue that such crops would only intensify
the trade barriers already in place between
the First and Third Worlds. The main
concern is that subsistence farmers in the
Third World would sink even deeper into
dependence, rather than gaining more
control over their country’s agricultural
production.

One area of inequality arises from the fact
that major First World nations have increas-
ingly adopted the “precautionary principle”
approach in relation to the environmental
and food safety attributes of imports. Mean-
while, many Third World nations lack ef-
fective regulatory mechanisms to ensure that
their products meet international standards.
As a result, any effort to harmonise agrifood
standards may, in reality, consolidate and
legitimise trade barriers that have existed for
centuries.

Changing role of
science
The cultural interpretation of nature has
undergone significant changes over the cen-
turies, from being seen as a moral agent that
may dish out rewards and punishments to
being treated as a commodity that humans
can mould as they wish. In the middle of
the last millennium, nature had to be ap-
peased and satisfied, and any natural disas-
ter was seen as a sign that some transgression
had taken place. From about the 17th cen-
tury, developments in western science have
meant that nature became something to be
used, controlled, subdued and rearranged.

Parallel to these cultural shifts in west-
ern understanding there has been a shift in
the role of experts. Traditionally, many con-
cerns with nature have been dealt with by
those entrusted with spiritual and sacred
knowledge, but over time this has been re-
placed by technical expertise.

It seems the community is beginning to
reconsider where to place science on this
scale of authority. Some professions, per-
haps most notably in medicine, have man-
aged to bridge this gap between the sacred
(or moral) and the technical (or profane).
Doctors are not only carrying out the tech-
nical actions, but also judge the moral sig-
nificance of their choices and carry the
responsibility for them. But when it comes
to bigger issues such as end-of-life decisions
or prenatal genetic testing even medicine,
and certainly science in general, is often
challenged.

Scientific thinking is based on inquiry,
curiosity, search for evidence, challenging
of current theories, and the ongoing search
for better explanations – so while it may not
be appropriate for science to tell people what
“ought” to be done, it can continue to in-
form the debate.
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