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The future of biotechnology stems from the convergence of
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Potential of a networked,
platform-centric world
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These elements are not unique
to biotechnology but seem to

be crossing critical thresholds.
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ature of Synthetic Biology

De novo synthesis of...

Novel, self-replicating bacteria
o o P cells with entirely manmade DNA

B
>20,000 registered
sequences

Infectious poliovirus from a test-tube

Gain of Function
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DNA Tinker Studio - $1195

Improvements in cost, information, and
collaboration lower barriers, support

Rainbow Factory - $295 democratization, and unlock creativity
DIY Incubator - $125 (unpredictability).




Shlfts in power collectlvely lower influence of US Government over
future of these technologies.

US + Western Europe ‘ New International Players
o
(stimulates new environment)
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( Gene Editing and Gene Drive \

Targeting therapeutics both in vivo and in
utero using nanotechnology and biochemistry

CRISPR'Cas9 | i -
o Malaria

Biocomputing \
Supercomputing to understand the
genome and vice-versa
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On-demand printing of new organs with the ai
of novel materials science

Continuous monitoring of
vitals and delivery of drugs in
response using MEMS
technology




Rapid democratization requires new
approaches
= Technological superiority not viable

= Reactive responses too late
(esp. with traditional R&D cycle)

= Preparedness must coevolve with
technology

= Medical revolutions both address and

cause national security concerns
= 500-yr lifespan?
=  Only for the world’s 1%?

= Biotech applications limited by concerns
over poorly understood complex systems

= Ecological effects

= QOptimized, but fragile, engineered
species

= Bioethics made real

= Bio-intellectual property
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moment”?

US policy?
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= Biotechnology is experiencing rapid advances and significant
convergence with other domains, leading to an apparently
inevitable future in which it enables both the wondrous and the

threatening.

= The spread of capabilities includes a broad set of international
participants.

= Many advances are expected to offer dual-use capabilities, and the
impact to the nation will be significant and largely unpredictable. A
strategy of control is futile, so the US needs to emphasize
anticipation, resilience and agility.
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As R&D advances knowledge,
innovations can occur quickly.
The technology is waiting....

- For you!!

Domain
Knowledge

Innovation
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= Society (and regulators) have difficulty
keeping up with rapid pace of advances

= |t may not be possible to regulate heavily
democratized technologies

= High standards for professionals, but hobbyists
and malicious actors create challenges

= International variations in oversight may...  Chinese scientists genetically modify human

= Drive research to less restrictive countries embryos
= Create asymmetries in capabilities “A Chinese source familiar with developments in
= Render local standards ineffective the field said that at least four groups in China are

. L pursuing gene editing in human embryos.”
= |f security-relevant capabilities are not i 2

domestic, US could be at the mercy of 2003
another nation Funding denied by USDA

= Biofuels, food, vaccines, drugs, ... 2008
FDA receives application

2011
Research moved to Brazil
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“Error bars” on future states

encompass the miraculous and

the terrifying.
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Impacts of Biotech
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