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Abstract In the 20 years following the launching of the
Human Genome Project, socio-ethical and legal responses
to the policy issues raised have varied across jurisdictions.
There seems, however, to be a move away from the more
static, classical responses that characterized the Wrst decade
to a more epigenetic and complex one. The latter policy
approach better reXects the dynamic nature of the science
itself.

Introduction

Beginning with the inception of the Human Genome
Project in the 1990s, an analysis of trends in genomic
policymaking reveals an interesting trajectory of seemingly
haphazard approaches. In the Wrst decade (1990–2000), the
unfolding of policies on the ethical, legal and social impli-
cations (ELSI) of genomic research was surprisingly chro-
nological. Indeed, “genethics” policies generally followed
the development of the ethics guiding human biomedical
research (Knoppers and Chadwick 2005). For the purpose
of this analysis on the evolution of policymaking in genom-
ics we will characterize the Wrst decade as the static systems
approach in contrast to, the more recent complex systems
approach. The latter is typiWed by a tendency to move
across and outside of disciplines and to foster international
approaches via the creation of large infrastructures for
future research. The case of biobanking will serve to
illustrate this classiWcation.

Static systems approach (1990–2000)

Generally, static systems exhibit linear and hierarchial
characteristics. Such an ordered understanding views the
chronological role-out of scientiWc discoveries as creating a
parallel progression of regulatory responses. Like the natu-
ralistic, separation of the species, legal systems themselves
have binary separations of persons versus property, of
drugs versus devices and of research versus therapy. Simi-
larly, the one-gene-one protein has its counterpart in the
one-test-one product equals one regulatory response that
served as the direction for most policymaking. It has been
argued that within this Wrst decade, the medical, human
rights, and public health models characterized genomic pol-
icymaking (Andrews 2001). All three models have their
strengths and weaknesses.

Medical model

Drawing on the deontological basis of the physician-patient
relationship, the medical model extends the self-regulatory,
professional codes of conduct to the research setting.
Guidelines, consensus statements, declarations and the like
assimilate the researcher–participant relationship to the
medical one albeit with a greater intensity of obligations to
inform, to follow and to be monitored by ethics review
boards. The medical model assumes, however, a form of
physician–patient consensualism and trust based on ongo-
ing communication that may not exist in the research rela-
tionship. While having the advantage of Xexibility in that
codes of conduct and guidelines can be updated and made
speciWc to certain contexts (e.g. community genetics or
population genomics), guidelines are ad hoc and subject to
arbitrary (if not personal) interpretation via the researchers
and ethics review committees that use them.
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In the biobanking context, this model did, however,
serve a useful purpose as it forestalled genetic-speciWc leg-
islation. Generally, prior to the 1990s, the genetic (DNA)
analysis of bodily tissues for research or left over after
medical care did not receive much attention. For individu-
als, families and communities with monogenic conditions,
linkage analysis and the subsequent storage of blood and
tissue had no special status nor was an explicit consent
sought for research on their DNA (Knoppers and Laberge
1989). This changed, however, as real or imagined ELSI-
genetic scenarios began to play out in the literature. Soon
the medical model as applied to genetic research was con-
sidered as an insuYcient bulwark for the untoward familial
and social consequences of DNA sampling (Clayton et al.
1995). Genetic exceptionalism (Murray 1997) and a prolif-
eration of guidelines followed, often based on a conXation
of medical ethics and human rights.

Human rights model

The convergence of the human rights of autonomy, privacy
and justice with the same principles found in biomedical
ethics, both strengthened and weakened the use of the
human rights model. Since the 1948 Nuremberg Code, the
Helsinki Declaration and the Belmont Principles, these
time-honoured legal rights as found in international and
constitutional legal instruments have been reinforced and
expanded in the domain of medical research. Statements on
genetic research from the ethics committee of international
organizations such as World Health Organization (1997) or
UNESCO (1997) began to speciWcally interpret these prin-
ciples in the context of genetic research. The broad and
open-ended nature of human rights lends itself to such a
context-speciWc ethics interpretation in the Weld of genetic
research. ScientiWc organizations such as the Human
Genome Organization (HUGO) in its Statements founded
its recommendations for researchers on this “marriage” of
common ethico-legal principles (HUGO Ethics Committee
1996).

While, however, the medical model provides disciplin-
ary sanctions for clinician–researchers, the human rights
approach ultimately, leads to judicial interpretation and
sanctions through the courts. Theoretically, a reference case
could allow the higher courts to prospectively interpret
human rights in the context of genomic biobanking
research, but in all likelihood, human rights cases in the
Weld of genetic research will centre on alleged infringe-
ments. Thus, the judicial system usually serves as an after
the fact interpretation of human rights in genetic research.

This places the real power of translating autonomy, pri-
vacy and justice in the hands of ethics review committees.
Familiar with clinical trials, these committees are often ill-
equipped for the expertise required for the evaluations of

emerging technologies involving bioinformatics, and pro-
spective, population genomics research with longitudinal
data and sample collection activities. Ethics review com-
mittees also lack transparency concerning decision-making
making it diYcult to know what are the precedents. They
often oVer contradictory interpretations on the same proto-
col, lack appeal mechanisms and vary in their ongoing gov-
ernance and oversight of genetic research. In short, they act
as quasi-judicial administrative tribunals but provide none
of the procedural protections (Knoppers 2009). Indeed, the
interpretation of human rights via the courts may serve not
only to pronounce on what privacy and conWdentiality
mean in the biobanking context (as opposed to clinical
research), but may also one day have to pronounce on the
lack of natural justice mechanisms in current ethics review.
Also interesting will be the adaptation of classical public
health powers to the population health context of genomic
research and biobanking.

Public health model

Traditionally, this approach has been associated with state
powers as concerns infectious and communicable diseases,
quarantine, mandatory screening, vaccines and obligatory
reporting. To date, this model has rarely been used in the
domain of genetic research. Even classical newborn screen-
ing programs are less an example of state public health
powers than of paediatric professional practice. Public
health is housed in government, and except perhaps for
health surveillance mechanisms is not suited to genomic
research or policymaking. This may change, however, as
the issue of genomic susceptibility and resistance to public
health risks (e.g. SARS, TB, avian Xu, malaria, etc.) gain
importance (Brosch et al. 2007; The Malaria Genomic Epi-
demiology Network 2008). Until, these recent pandemic
scares, however, the usefulness of biobanks and associated
genomic data for State intervention in prevention and pub-
lic health promotion or even for the creation of public
health genomics initiatives by the State to prepare for such
global and national public health concerns was not present
in the literature. The International Health Regulations of the
World Health Organization demonstrate the need for the
elaboration of such a public health genomics model both
nationally and internationally (World Health Organization
2005).

One could argue that, to date, the attractiveness of the
public health model is that it promotes state intervention
through “genetic-speciWc” legislation be it on biobanking,
genetic discrimination, or, genetic testing (GINA 2008;
Council of Europe 2008). Legislation is presumed to pro-
vide eYciency, certainty and clarity thereby creating a zone
of political and public comfort. This may well be illusion-
ary, however, and perversely, underscore and reinforce
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genetic exceptionalism and thereby the potential for
stigmatization. Indeed, public health genomics would be
well-served through the development of screening and
vaccination (e.g. cancer, HPV) programs and for deWning
those factors leading to other new interventions. It has been
deWned as “…” the responsible and eVective translation of
genome-based knowledge and technologies into public
policies, programs and services for the beneWt of population
health (Burke et al. 2006).

Conclusion

This retrospective analysis of the three traditional mod-
els that typify the Wrst decade of genomic research
reveals the underlying genetic determinism and accompa-
nying “monogenic” philosophy that fed the exceptionalist
policies of the 1990s. This approach is being increasingly
questioned as a sound basis for policymaking. Like with
other medical information in the past such as HIV, cancer,
psychiatric illness, etc., genetic information and its ethical
challenges are becoming routine. Genetic information
should not be privileged, although it remains sensitive
medical information. Nevertheless, the dilemmas associ-
ated with highly penetrant, or familial disorders will con-
tinue to require special attention (Foster et al. 2006). In
contrast, what characterizes genomic research and bio-
banks since 2000 however, is the interest in understanding
the role of gene–environment interaction in common disor-
ders. Thus, the dominance of monogenic conditions as a
basis for intervention through policymaking via the three
models is giving way to a more complex approach as the
probabilistic role of both the environment and of genetic
factors in common diseases increases in importance (Goh
et al. 2007).

Complex systems approach (2000–)

The rise of systems biology and the concomitant under-
standing of the coupling of natural and human systems in
epigenetic and dynamic relationships are challenging static,
linear approaches to policymaking. One of the major forces
behind a more networked (Sauer et al. 2007; Branscomb
2008) and “communal” and international research strategy
is the open source/access movement with its origins in the
information technologies community. This has an inXuence
on the development of the Weld of genomics research char-
acterized by the eVorts of the International Human Genome
Sequencing Consortium that provided the sequence map of
the human genome in 2003. Since the completion of this
map, eVorts have turned to research on population health
where research participants act as “citizens” in providing

data and tissues for infrastructures (biobanks/repositories)
that serve for future (as yet unknown) research projects.
Finally, it may seem paradoxical, but it could be argued that
ultimately, there could be a convergence of policymaking
approaches, under such a heterogeneous systems under-
standing of science.

Communalism

While information technologies have long been intercon-
nected and collaborative, the Wrst attempt to envision the
human genome at the level of the species as of interest to all
of humanity is found in its characterization as the “common
heritage of humanity”. This has been applied to the sea and
outer space. While still recognizing the validity of intellec-
tual property, the concept means that the human genome at
the level of the species cannot be appropriated; beneWts
should be equally shared; use should be peaceful and pro-
tected for future generations, and, internationally governed
and managed (Knoppers 1991). UNESCO’s 1997 Universal
Declaration on the Human Genome and Human Rights
adopted this approach for the human genome albeit in a
“symbolic sense”, the practical implications seemingly giv-
ing rise to political issues for state sovereignty.

Concomitantly, the ideal of free and open dissemination
of scientiWc knowledge for all humanity was bolstered by
the networked information economy and epitomized by the
creative, science commons seeking to lower barriers to
research and data sharing (Joly 2007). Basic genomic
knowledge has been characterized as a community
resource—“a research project speciWcally devised and
implemented to create a set of data, reagents or other mate-
rial whose primary utility will be as a resource for the broad
scientiWc community” (Wellcome Trust 2003). The most
successful example of a robust public domain endeavour
was the SNP consortium that provided the human genome
sequence map (Thorisson and Stein 2003). This open
model of international collaborative science led to the suc-
cessful international HapMap project, whose data and sam-
ples are public and available to researchers from around the
world (International HapMap Project website). Ensuing
databases were considered as global public goods whose
data were pre-emptive and precompetitive, thus avoiding
intellectual property barriers on such early stage fundamen-
tal research (HUGO Ethics Committee 2002). The debate
continues, but the move to encourage the publication of
positive and negative Wndings (World Medical Association
2008), to create an international registry of clinical trials
(WHO: International Clinical Trials Registry Platform) and
to require data sharing (National Institutes of Health 2007)
demonstrate the viability of this “democratization” move-
ment. Its inXuence is most evident in the construction of
national public infrastructures (i.e. biobanks) for future
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unspeciWed research where participants contribute not as
patients but as citizens.

Citizenry

Since 2000, the rise of large, population infrastructures has
been phenomenal. Realizing that the understanding of com-
plex diseases required data on the interaction of an individ-
ual with the environment(s) over time and not just a disease
by disease approach, the comprehension of phenotype
expression, of normal genomic variation in modern hetero-
geneous populations has become a priority. Again, to maxi-
mize the enormous public investment in national biobanks,
international collaborative eVorts have emerged (Public
Population Project in Genomics).

Approaches to population biobanking have not been uni-
form. Countries such as Estonia, Latvia, Sweden and Nor-
way have adopted legislation speciWc to research in this
area. Other countries here such as Spain and France have
added sections on biobanking within legislation framing
biomedical research generally. The majority have promoted
guidance through professional codes of conduct. A com-
mon approach is to add an additional layer of governance
via independent oversight structures (Wallace et al. 2008).
Irrespective, the creation of more open-ended population
resources for future research characterize this last decade.

Ethical challenges abound as most guidance is based on
the increased emphasis on individual autonomy and privacy
that emerged in human genetic research in the 1990s.
Participation in the creation of such infrastructures under-
scores the ethics of solidarity as witnessed by the fact that
there are no individual results. Indeed, traditional ethics
guidance is ill-suited to the longitudinal, no-personal-ben-
eWt nature of these infrastructures involving the altruistic
participation of healthy citizens with a requisite broad con-
sent (King’s Law Journal Special Issue 2007). Moveover,
in order to achieve statistical power and signiWcance, inter-
national collaboration and data sharing are necessary and
foreseen within such broad consent (Burton 2008). Elaborate
data security mechanisms both protect the data and yet
ensure its interoperability and transferability across borders
(GenomEUtwin).

What is evident in the second decade is that while the
traditional models still play a role in policymaking, increas-
ingly, the relational, open and global nature of modern sci-
ence is leading to more devolved regulatory approaches.
This involves increased transparency and accountability for
decision-making via governance structures as opposed to
sole reliance on laws or core guiding principles. Paradoxi-
cally, the promises of personal genomics may well force
this issue of governance as a matter of oversight and safety
for “consumers” thereby creating convergence in the regu-
latory world.

Convergence

The advent of personal genomics companies oVering online
whole genome scanning services seems to have made a
quantum leap in the democratization of genomic knowl-
edge. The hope (hype?) of the broad availability of
sequencing will foster increasing personal use. Leaving
access costs aside (since they are constantly falling), the
promises of precise predictive and personal scans are for
the large part, however, empty and premature. Indeed,
“[o]ver the next Wve years, the challenge for genome medi-
cine is thus not to make a signiWcant move into the clinic”
(Cho 2009).

With perhaps the exception of pharmacogenetics not only
as a screening tool for adverse events, but also for drug tar-
geting, personalized medicine is far from ready for a direct-
to-consumer approach. Moveover, “[a]lthough improving
drug safety using data from drug metabolizing enzymes and
transporter studies might be within reach, implementing
drug individualization for optimal drug eYcacy is signiW-
cantly more challenging.” (Gurwitz et al. 2006).

The major obstacle to acquiring the scientiWc validity and
speciWcity to move forward is the integration and use of
population data together with personal, medical data in a
systemic and systematic way across multiple levels of orga-
nization and time frames. Systems medicine seems to oVer
such an integrated strategy (AuVray 2009). As the next
decade moves us from population biobanks to personal
genomics, new regulatory challenges will occur since a
“genome scan reveals information that is medical, genealog-
ical and recreational” (Prainsack et al. 2008). It is precisely
this convergence of the “populational” with the personal that
will mark the next decade. Population databases will be used
by disease studies and pharma to validate, replicate and
compare. In universal health-care systems, the advent of
electronic medical records—the informatic nexus between
personal care, medication, and participation in clinical and
or fundamental research—will be possible, thereby oVering
a more “holistic” approach to health.

Conclusion

The era of the “social genome” (Knoppers and Joly 2007)
has produced a humanistic and solidarity-based approach to
genome research, one that may be both more eYcient and
hopefully, more transparent. The issue remains, however,
whether like the science, governance structures can go
beyond national biobanks and become international to
ensure respect of the public trust, participation and invest-
ment in large population studies and informatics in health
care. Like the personal data privacy directives of the 1990s
and the need for mutual safe harbour recognition between
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states, the international exchange of data in emerging
consortia necessitates such mutual recognition of the valid-
ity of diverse, national models of policymaking and data
security.

We would argue that the three models of the Wrst decade
could well serve a purpose in the next era of systems medi-
cine. As much as possible, the medical profession should
fulWl its obligation to oVer informed advice and systemati-
cally follow-up patients and research participants while
framing concomitant ethical obligations through prospective
professional guidelines. The human rights model will have
to encompass not only individual rights and duties, but also
frame collective health rights that promote the public good.
Public health crosses whole populations, and sub-popula-
tions. Genomics research will have to Wnd its place as an
important source of knowledge for population health and
health systems planning. One thing is certain, policymaking
will have to be as epigenetic and dynamic as the science!
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