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Synthetic
Background on Our Work y J'LOGY

PROJECT

-Interviews with scientists in the Lab

-Ron Weiss, MIT
-Jim Collins, Boston University
-Michael Elowitz, Caltech

-Research on US Public Perceptions

-30+ hours of U.S.-based focus groups on synthetic biology

-Annual National Surveys (with Hart Research) on synthetic
biology in 2008, 2009, 2010, 2013

-Research on Media coverage and framing of
synthetic biology in the US and EU (2003-2011)



LOST IN TRANSLATION

‘What Is Synthetic Biology?
(Also define what it isn’t)

Genetic Engineers Who Don’t Just

Tinker (NYT, 2007)
“Most people in synthetic biology are
engineers who have invaded genetics.”

Synthetic DNA on the Brink of Yielding New

Life Forms (Washington Post, 2007)

“Synthetic biology involves the large-scale rewriting
of genetic codes to create metabolic machines [...]
the creation of life forms driven by completely
artificial DNA.”




LOST IN TRANSLATION
‘What happens in the Lab...

Interview at MIT (April 2012):

“ ...the misconception is that you think what we do is easy, we
make Legos. And, that we're able to design organisms, in very
predictable ways; the misconception arises by, invoking these
engineering concepts which are not yet practices.”

“... as we start building stuff, we're finding in general that our
- designs actually don't work very well.
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LOST IN TRANSLATION
View from outside of the Lab...

(Washington Post 2013)
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- MEDIA INTERPRETATION
- PUBLIC PERCEPTIONS



MEDIA
Hype...

“Biology is becoming a
technology and will produce
biovalue...”

The New JJork Times

 Craig Venter's Bugs Might Save the World

2 @ 205 Comments

->

NPR (November 2012)
-“bacteria will create electricity,
-clean water from waste,
produce blood, vaccines,

fuels or whatever we fancy.”

The NYT Magazine (May 2012)
“Tiny bugs will save the world,;
custom bugs, designer bugs —
bugs that only Venter can create.
Bugs will have a mission:

devour things, like pollution;
generate food and fuel.”




MEDIA
NARRATIVES OF CONTROL

“Life sciences are becoming information sciences...”

WIRED 2012:
“Venter is letting that “genetic software’” reprogram its host.”

“The geneticist and his team of scientists are already testing
out a version of his digital biological converter...

« It's a 3-D printer for DNA,
a 3-D printer for life,’
Venter said... »




MEDIA
NARRATIVES OF CONTROL

The New Yorker, 2009

-"cells as hardware;” “genetic code as the software;” “write
programs to control genetic components;” “alter nature;” “guide
evolution:”

Nature 2012

-“What can synbio do for us? move genes around cells, create
biological circuits, write new genetic programs that will change the
world”

U.S. Congress, Science and Technology Committee (May 2010)
-"Because you have standardization, you know you can get Legos
from anywhere and they are going to work together.”

-"Booting-up a genome in a cell,” “Writing the software of Life...”

7«

- “Being able to reprogram a bacterial cell” (Congressman WWaxman)
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ENTREPRENEUR-SCIENTIST

“This is the first self-replicating species we /
have had on the planet whose parent is a s §

computer.” S e wons
(Craig Venter, Press conference, DC, May 2010)

“Is this man playing God by trying to create artificial life?”
(The Herald (Glasgow), August 11, 2011)

Number of Press Articles Covering Venter
Research (May 20 - June 13,2010)

“Is Craig Venter going to save the planet?
Or, is this more hype from one of
America’s most controversial scientists?”
(The Washington Post, May 22, 2010)
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Science on the Colbert Report



CROWD-FUNDED -
BIO-GENIUS Glowing™

Plants

-On Kickstarter: half-million $ in 2 months

-EPA and USDA have no oversight

-Kickstarter Bans Genetically Modified
Rewards for Future Projects

“It exposes the gaps

and holes in the Watchdog Campaign

SYNTHETIC
regulatory N
structure...” WY BIOLOE
(NYT, May 2013) UN g POLULUTION

THERE'S NO UNDO
RN FOR GENETIC CONTAMINATION




What do these stories have in common?
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U.S. PUBLIC PERCEPTIONS

What do you think synthetic biology is?
(Volunteered Comments)

-Low Awareness:

23% In the US UanIatur?I, rrllan-made, something that isn’ t
_ ©artifici

17% in Europe e

eproducing/recreating life, cloning, genetic
ipulation

Potential Risks will outweigh benefits
-Survey

Participants get
more polarized
as they hear
about the
science behind
synthetic biology

Initial view Post-information view




U.S. PUBLIC PERCEPTIONS

-Applications with high utility for society and the environment
matter most

-Blosecurity and biosafety concerns with emphasis on long-
term implications, “what if” scenarios and governance failure.

Percentage of Survey
Participants Concerned by... Ehe New HJork Times

BIOSECURITY 28%

ETHICS 27%
BIOSAFETY 22% Genetic switch to guard against escaped 'superviruses'

7:51 13 August 2013 by Pri N s nt t
sk Lo o B NewScientis

Amateurs Are New Fear in Creating Mutant Virus

“If a disaster happens, who is in charge? Can
they fix it? How much is it going to cost?”




U.S. PUBLIC PERCEPTIONS
Comments from focus groups...

“I am worried about self-replication.”

“How do you control that technology?
How do you stop somebody from
cloning a human being? Where does
it end? How do you regulate that?”

“"But there are no safeguards,
no clean understanding of the
negative repercussions. What
about people who have only
profit in mind...”

“If there's not someone in their group that's

asking ‘Should we do this?’ they need to include
that person.”




U.S. PUBLIC PERCEPTIONS

-What do members of the public ask for?

CONTAINMENT = OVERSIGHT — TRANSPARENCY -
REGULATION — BENEFIT-SHARING...

-Who is trusted in 20137

I have a great deal/fair amount of confidence in this group to maximize benefits
and minimize risks associated with scientific and technological advancement:

University scientists
and researchers

companies

Federal government




SOCIETAL & COMMUNICATION CHALLENGES
AVOID THREE MISCONCEPTIONS

“Too Soon too tell?”
-> Anticipatory Governance Upstream in Research

-> Trading Zones, mutual learning between # disciplines
(Nature piece coming August 29, 2013)

“Just Secure Public Acceptance?”
- To Tackle What'’s “Lost in Translation”
- To Include Citizens in Innovation

“Inevitable Benefits for All?”

- Reflection on ownership in international context

2> WWICS’ New grant to promote international mobilization
(4 million euros)



“[...]we don’t assemble because we agree, look alike,
feel good, are socially compatible or wish to fuse
together but because we are brought by
divisive matters of concern...”

(Bruno Latour, From Realpolitik to Dingpolitik)



http://www.synbioproject.org/

APPENDIX

Has the Public Heard of Synthetic Biology (US)?

How much have you heard about synthetic biology?

B Heardalot M Heardsome [J Heard justalittie [J Heard nothing at all

Who knows the most:
White
Male (18-49)
College educated
Income > $70K




APPENDIX

Risk versus Benefits: Pre-Information

I Benefits of synthetic biology [ Benefits and risks of synthetic [] Risks of synthetic biology [ Not
will outweigh risks biology will be about equal will outweigh benefits sure

By Awareness Of Synthetic Biology

Hearda Heard Heard
lot/'some a little nothing

Benefits 28% 19% 8%
outweigh

Benefits/risks 37% 40% 33%
about equal

Risks 17% 18% 10%
outweigh

Not sure 18% 49%




APPENDIX

Description Of Synthetic Biology
Given To Respondents

Synthetic biology is the use of advanced science and engineering to make or re-
design living organisms, such as bacteria, so that they can carry out specific
functions. Synthetic biology involves making new genetic code, also known as DNA,

that does not already exist in nature.

The potential BENEFITS of synthetic biology include developing new micro-
organisms to treat disease, including cancer, more effectively and to create new and
less expensive medications. It also could be used to make new organisms that could
provide cheaper and cleaner sources of energy than today's oil-based fuels, and to
detect and break down environmental pollutants in the soil, air, and water.

While the potential RISKS of synthetic biology are not known, there are concerns that
man-made organisms might behave in unexpected and possibly harmful ways and
that they could cause harm to the environment. There also are concerns that, if these
organisms fall into the wrong hands, they could be used as weapons. Additionally, the
ability to create artificial life has raised moral and ethical questions about how life is
defined.




APPENDIX

Risk versus Benefits: Post-Information

B Benefits of synthetic biology [0 Benefits and risks of synthetic [ Risks of synthetic biclogy [ Not
will outweigh risks biclegy will be about equal will outweigh benefits sure

Initial view Post-information view



APPENDIX

Voluntary or Mandatory Oversight?

Which best describes your point of view on voluntary research
guidelines for synthetic biology research?

B voluntary research guidelines
developed jointly by industry and
government can provide adequate
oversight of synthetic biclogy
resaarch.

Synthetic bislogy research should
be regulated by the federal govern-
ment because voluntary research
guidelines developed jointly by
industry and government cannot
provide adeguate oversight of
synthetic biology research.

E Mot sure




APPENDIX

Applications Matter

B positive development/l would be hopeful B Negative development/concerns me

Synthetic Flu Vaccine: Current flu vaccine manufacturing requires the replication of
the flu virus in chicken eggs. This is a lengthy and time-consuming process often taking
four to five months to make vaccines available for use. Using synthetic biology, an
influenza vaccine could be designed in a few hours on a computer and biologically
manufactured in weeks instead of months.

All adults — 59%
210 34%

Animal Growth Acceleration: Using synthetic biology, researchers could insert a
synthetic chromosome designed on a computer into cows or pigs that would allow the
animals to mature in four months instead of eight months. Other than the acceleration
of growth, the animals would look and act exactly like regular pigs and cows, but it
would mean that farmers could produce meat for consumers more quickly.

All adults 20%
2010




APPENDIX
Food-related Applications

y
Informed View:

= = S s Risks/benefit
New fertilizer that speeds up root growth in crops: Synthetic biology ;’Zout :33;5

is used to change the genetic code of bacteria that occurs naturally in
the soil so that it releases a growth hormone that is then absorbed by
the plant, causing it to quickly grow stronger roots that help prevent soill
erosion and protect the plant during a drought.

41%
52%

New food additives: Including an artificial sweetener, a vanilla
flavoring, and a citrus flavoring, rather than using crops or other natural
resources to manufacture these food additives, they can be produced
synthetically by bacteria.




APPENDIX

Application: Mosquitoe-bourne Disease

Synthetic biology can be used to engineer new versions of insects, such as
mosquitoes, to help control diseases like West Nile virus. The insects are modified
using synthetic biology so that their offspring die or so that male insects are sterile, thus
reducing insect populations that spread the disease. These new types of mosquitoes
have already been released in Brazil and the Cayman Islands, and there is discussion
of releasing them in Key West, Florida. If a mosquito-borne disease became an issue in
my neighborhood:

| would oppose release
of newly developed
mosquitoes in my
local area

37%

| would support release
of newly developed
mosquitoes in my
local area

51%




APPENDIX

NUMBER OF AMERICAN AND EUROPEAN NEWS STORIES
PER YEAR (2003-2011)
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