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Preface

Over the last several years, a diverse group of engineers and scientists has begun work to
improve and apply technologies that support the formalized engineering of biological
systems.  This work – synthetic biology – builds directly upon past and ongoing research
in genetic engineering and biomedical science.  In general terms, the goals of synthetic
biology include the better understanding of natural biological systems [1], the
simplification of complex, evolved biological systems [2], and the design and
construction of biological systems that solve pressing human needs, such as new and
improved treatments for disease and sources of renewable energy [3, 4].  Because
synthetic biology involves the intentional and direct manipulation of genetic material,
synthetic biology research is subject to the existing social frameworks that both
encourage and govern such work [5].

Recently, over 300 researchers, government representatives, independent policy analysts,
bioethicists, lawyers, economists, administrators, educators, psychologists,
anthropologists, philosophers, and members of the press and for-public-benefit
organizations gathered for three days in Berkeley, California to discuss the current state
of research and expected future developments [6].  Much of the meeting was spent
sharing the latest advances and applications of the field, including bacteria that seek and
invade tumor cells [7], yeast that produce the anti-malarial drug precursor artemisinic
acid [3], DNA that can be programmed to fold into almost any two-dimensional pattern
[8], and biological sources of renewable energy [9].  The third day of the conference was
devoted to discussions of four non-technical topics including (i) biological safety and
security, (ii) understanding and perception of synthetic biology, (iii) ownership, sharing,
and innovation, and (iv) community organization [6, 10].

Selected Findings

The ability to construct gene and genome length DNA fragments from scratch is one
technology that is being developed by synthetic biologists [11].  This technology – DNA
synthesis – is important for many reasons. At the most basic level, DNA synthesis can
provide rapid and reliable access to the genetic material that is needed to conduct
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experiments and synthesize useful products. Advances in DNA synthesis, such as
reduced costs and improved speed and accuracy, are expected to result in direct and
widespread improvements to the process of basic and applied biological research and, in
turn, result in widespread public benefits.

DNA synthesis is already a relatively cheap technology that is widely distributed [12];
the technology is often provided as a service by commercial firms that accept orders via
the internet.  Unfortunately, despite several years of ad hoc encouragement and inquiries
to different government agencies, not all DNA synthesis companies examine their orders
for DNA sequences encoding hazardous biological systems.  For example, a recent
investigative survey found that only five of twelve DNA synthesis companies
systematically check their orders to ensure that they are not unknowingly constructing
and delivering the genetic material encoding hazardous biological systems, such as
human pathogens [13].  Thus, DNA synthesis currently provides a plausible path for
circumventing current best practice in biological safety, including institutional, peer, or
government review of genetic research.  Furthermore, because a small number of
individuals, groups, or nations may continue to choose to intentionally misapply
biological technologies, DNA synthesis, as currently practiced and given current
biological security strategy, is likely to eventually facilitate the production of threats to
human and environmental health [14].

The companies that already systematically check DNA synthesis orders rely on software
tools for identifying the genetic sequences that encode hazardous biological systems.  At
least one tool, BlackWatch, is known to be in use at more than one company [15].
Importantly, the existing software tools have flaws that include an inability to identify
novel hazardous systems and a high false alarm rate; the second flaw makes such tools
impractical for use at high-volume DNA synthesis providers.

Resolutions

To begin to address the issues introduced above, we endorse the following [16]:

First, we support the organization of an open working group that will undertake the
coordinated development of improved software tools that can be used to check DNA
synthesis orders for DNA sequences encoding hazardous biological systems; we expect
that such software tools will be made freely available.

Second, we support the adoption of best-practice sequence checking technology,
including customer and order validation, by all commercial DNA synthesis companies;
we encourage individuals and organizations to avoid patronizing companies that do not
systematically check their DNA synthesis orders [17].

Third, we support ongoing and future discussions within international science and
engineering research communities for the purpose of developing creative solutions and
frameworks that directly address challenges arising from the ongoing advances in
biological technology, in particular, challenges to biological security and biological
justice [18].
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Fourth, we support ongoing and future discussions with all stakeholders for the purpose
of  developing and analyzing inclusive governance options, including self-governance,
that can be considered by policymakers and others such that the development and
application of biological technology remains overwhelmingly constructive.

Immediate Next Steps

In support of the first and second resolutions, the open working group that will undertake
the coordinated improvement of software tools for checking DNA sequences is being
formed and should begin work no later than August of 2006.  An announcement will be
made when the initial organizational work is complete [19].   A publicly available
technical progress report from this group will be expected at or before the Third
International Meeting on Synthetic Biology [20].

In support of the third and fourth resolutions, an ongoing multi-stakeholder study
sponsored by the Alfred P. Sloan Foundation to develop policy options that might be
used to govern DNA synthesis technology will be completed [21].  All materials from
this study will be presented to government representatives and made available to the
public by November of 2006.

Finally, all interested parties are invited to work together to continue to identify and
directly address societal issues associated with the development of synthetic biology [10].
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