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Our environmental futures?

• As bioengineering technology winds its way 
through the many passageways of life, stripping 
one living thing after another of its identity, 
replacing the original creations with technologically 
designed replicas, the world gradually becomes a 
lonelier place…we descend to a world stocked with 
living gadgets and devices

• Jeremy Rifkin – 1983, founder of Foundation on 
Economic Trends (FOET)



Storyline

• Realities and Promises of Synthetic Biology

• Environmentalism flipped on its head? 

• Governance challenges
• Global

• IUCN

• U.S.

• Rise of the Biocitizen(s)

• Art/design as ethical/societal reflections



https://www.iucn.org/theme/science-and-economics/our-work/other-work/synthetic-
biology-and-biodiversity-conservation

https://www.iucn.org/theme/science-and-economics/our-work/other-work/synthetic-biology-and-biodiversity-conservation


Invitation: A few years ago, I founded the Innovative Genomics Institute (IGI) at the 
University of California to use genome editing to solve some of humanity's greatest 
challenges. We are pursuing research aimed at tackling climate change by advancing 
affordable and accessible solutions to increase biological capture, sequestration, and 
repurposing of carbon, reduce greenhouse gas emissions, and enhance agricultural 
and ecosystem resilience. We believe that through genomic innovation in plants and 
microbes, we can add another tool to the climate change toolbox, contributing to the 
broad, systemic efforts that need to be undertaken to forge a sustainable future.
- Dr. Jennifer Doudna





Green Warfare?



What about gene editing?

https://www.liebertpub.com/doi/10.1089/crispr.2020.0098

https://www.liebertpub.com/doi/10.1089/crispr.2020.0098


What’s old is new again

• As traditional methods for bringing about change 
fail, or do not bring change quickly enough, 
disaffected activists break off and form a new 
group or movement that advocates more extreme 
methods (Liddick, 2008)

• “what the environmental movement needs more 
than anything else right now is a collective step 
back to  rethink everything” (Haq, 2012)…in 
relation to climate change [but what about synbio
and gene drives?]





Do we have the right

• Traditional ecological knowledge is the culturally and 
spiritually based way in which indigenous peoples 
relate to their ecosystems

• This knowledge is founded on spiritual-cultural instructions 
from ‘time immemorial’ and on generations of careful 
observation within an ecosystem of continuous residence 
(Winona LaDuke)

• What counts as wildness and wilderness is determined 
not by the absence of people, but by the relationship 
between people and place

• A place is wild when its order is created according to its own 
principles of organization 

• Gene drives will (if they work) permanently alter a 
species and/or entire ecosystems

• How do we evaluate whether we have the “right” to do this?
• Will there still be “wildness” and “wilderness”?



Governance challenges raised by synthetic 
biology, genome editing, biotechnologies…

1. Hard to define what it actually is 

2. Governance systems are struggling to keep pace 
with the technological change 

3. New Transboundary Issues (International 
Governance) i.e. gene drives

4. Digital Sequence Information

5. Safety, Security & Environment



International Deliberations/Guidance
• U.N. Convention on Biological Diversity - https://bch.cbd.int/default.shtml

• Convention on Biological Diversity will adopt a post-2020 global biodiversity 
framework, which will serve as a stepping stone towards the 2050 Vision of  
“living in harmony with nature.” (was October 2020; moved to 2021)

• Organisms, components and products of synthetic biology

• Cartagena Protocol on Biosafety to the Convention on Biological Diversity 
(Cartagena)

• Gene drives under its purview now

• Nagoya Protocol on Access to Genetic Resources and the Fair and Equitable 
sharing of Benefits Arising from their Utilization to the Convention on Biological 
Diversity (Nagoya Protocol)

• Digital sequence information 

• International Treaty for Plant Genetic Resources for Food and Agriculture 
(ITPGRFA) - http://www.fao.org/plant-treaty/en/

• WHO Guidance framework for testing of genetically modified mosquitoes -
https://www.who.int/tdr/publications/year/2014/guide-fmrk-gm-
mosquit/en/

• International Union for the Conservation of Nature
• World Congress September 2021
• https://www.iucn.org/theme/science-and-economics/our-work/other-

work/synthetic-biology-and-biodiversity-conservation

https://bch.cbd.int/default.shtml
http://www.fao.org/plant-treaty/en/
https://www.who.int/tdr/publications/year/2014/guide-fmrk-gm-mosquit/en/
https://www.iucn.org/theme/science-and-economics/our-work/other-work/synthetic-biology-and-biodiversity-conservation


https://royalsocietypublishing.org/doi/10.1098/rspb.2019.1484



Current gene editing landscape

• Potential conflict with 
Cartagena Protocol 
and other country 
interpretations

• Cartagena has not yet 
clarified whether 
products of gene 
editing fall under the 
definition of an LMO

• CBD has been 
focusing on 
“synthetic biology” 
since 2010; gene 
editing was first 
mentioned in the 
2019 AHTEG report

Updated and adapted from (Schmidt, Belisle, and Frommer 2020).



IUCN process/outcomes



https://www.iucn.org/theme/science-and-economics/our-work/other-work/synthetic-
biology-and-biodiversity-conservation

https://www.iucn.org/theme/science-and-economics/our-work/other-work/synthetic-biology-and-biodiversity-conservation


https://www.iucn.org/theme/science-and-economics/our-work/other-work/synthetic-
biology-and-biodiversity-conservation

https://www.iucn.org/theme/science-and-economics/our-work/other-work/synthetic-biology-and-biodiversity-conservation


Motion 075 - Towards development of an IUCN policy on 
synthetic biology in relation to nature conservation

• 1. REQUESTS the Director General, Commission Chairs and Members to 
initiate an inclusive and participatory process to develop an IUCN policy on 
the implications of the use of synthetic biology in nature conservation to be 
debated and voted on by the next 2024 Conservation Congress. 

• CALLS UPON the Director General and Commissions to remain neutral on all 
aspects of synthetic biology until the formal adoption of an IUCN policy on 
synthetic biology, remaining cognizant as new understanding develops 
during the process.

• Guiding criteria: 
• Integrity and diversity of nature
• Intergenerational equity
• Gender equity
• Respect for rights, beliefs and cultures
• Free, prior and informed consent
• Inclusion of knowledge holders and right holders
• Stakeholder and right-holder participation
• Multiple sources of types of knowledge and expertise
• Transdisciplinarity, intra-, inter- and multidisciplinarity
• Multiple values and ethics



Motion 075 - Towards development of an IUCN 
policy on synthetic biology in relation to nature 
conservation



Interaction with U.S. Coordinated Framework

• Diamondback moth (Upstate NY) [completed]

– first open field release of a genetically engineered self-limiting insect in North America

– Regulated under US Department of Agriculture (USDA) Animal and Plant Health Inspection 

Service (APHIS)

– Results published Jan 2020 -

https://www.frontiersin.org/articles/10.3389/fbioe.2019.00482/full

• American Chestnut [contained field trials underway]

– USDA APHIS, responsible for approving genetically modified plants.

– Food and Drug Administration, examine the food safety of the transgenic nuts 

– Environmental Protection Agency, which will review the tree’s environmental impact under 

federal pesticide law

• Oxitec mosquitos (Florida Keys) [trial releases Summer 2021]

– Was bounced from USDA → FDA → EPA

– Faced referendum (voted yes for release)

– EPA Experimental use permit: https://www.regulations.gov/docket?D=EPA-HQ-OPP-2019-

0274

• Genetic Biocontrol of Invasive Rodents

– Still unclear who would have final jurisdiction (US FWS/Endangered Species Act?)

– https://www.geneticbiocontrol.org/

https://www.frontiersin.org/articles/10.3389/fbioe.2019.00482/full
https://www.regulations.gov/docket?D=EPA-HQ-OPP-2019-0274
https://www.geneticbiocontrol.org/


Moving towards gene drive field 

trials 

(somebody has to do it?)



Field trials can be long and complicated 
(yet really interesting)

• Eco-evolutionary dynamics
– Research should incorporate the simultaneous drivers of ecology and 

evolution, as opposed to progress in one area while holding the other 
constant.

– Multiple variables
– Generation of useful, adequate and robust ecological data follows 

ecological time-frames
• Field trials at minimum take a year (seasonal data)
• Gene drives you will want to understand longer time frames to capture 

evolution of gene drive and its interaction with the ecosystem over time 

• Currently lacking “infrastructure” to conduct field trials of gene 
drives
– Need large enough area to simulate the ecosystem in which gene 

drives will be introduced
– Some of this can be simulated indoors 

• DRI - https://www.dri.edu/labs/ecocells/

https://www.dri.edu/labs/ecocells/


Will NIH become a new “environmental agency?

• No one else is funding this work at the moment 
• Other agencies have said its not in their portfolios to fund ecological studies; 

or the infrastructure/facilities that will be needed to conduct field trials

• EPA is beginning to fund “some” of this; although not field trials at the 
moment

• Assessment Tools for Biotechnology Products: https://www.epa.gov/research-
grants/assessment-tools-biotechnology-products

• Total - $4.4 million (In comparison, DARPA’s Safe Genes program was $65 million)

• If NIH is funding gene drive development, they are obligated to fund 
the ecological impact assessments

• Effluent from drugs is a good example of NIH research/development that has 
led to ecological impact

• Appears NIH have funded field trials before

• Biosafety Guidance (NIH guidelines)
• Lab to field (contained vs open release)

• Harmonize guidance with other agencies and global institutions (particularly 
if funding projects outside US)

https://www.epa.gov/research-grants/assessment-tools-biotechnology-products


https://www.wilsoncenter.org/article/the-rise-the-new-bio-citizen



The iGEM Competition is an annual, worldwide synthetic biology event that gives 
students the opportunity to push the boundaries of synthetic biology by tackling 
everyday issues facing the world.                   https://igem.org/Main_Page

https://igem.org/Main_Page


iGEM 2020 – 249 Teams



https://2021.igem.org/Human_Practices



https://sphere.diybio.org/



http://www.nature.com/news/governance-learn-from-diy-
biologists-1.19507

http://www.nature.com/news/governance-learn-from-diy-biologists-1.19507


https://openinsulin.org/



How about amid a 
global pandemic?



Screenshot of Josiah Zayner’s YouTube 

channel, August 9, 2020



Image courtesy Alex Hoekstra, 

Radvac
https://radvac.org/



https://app.jogl.io/program/opencovid19



Art/Design as a Tool for 
Societal/Ethical Discussions



https://biodesignchallenge.org/



https://www.biodesignchallenge.or
g/spelman-college-2021



As you walk through the neighborhood you live in, you’ve probably encountered a bank of 
wildflowers covered in neon blue bruises. What you are seeing is the result of the world’s first 
gene-drive as protest, which utilized the agency of living things to propagate through their 
environment as a means of spreading a political message.

Over the past 10 years within university labs, multiple species of wildflowers have been 
modified to contain a genetic switch which flood their petals with mTurquoise chromoproteins
when grown in soils contaminated with high levels of heavy metals. This modification was 
engineered to ensure its inheritance to all offspring of the flowers, allowing it to spread through 
existing wildflower populations.

The deliberate release of the modified flower seeds via bird-feeders was perpetrated by a 
renegade researcher, intending to make visible the enduring environmental legacy of industry 
dismantled during the 1980s, which severely impacted the welfare of working class 
communities. The economic benefits of these industries for the workers has gone, but its 
contamination remains, and continues to impact the health of the area’s current population.

UK 2029: Post-Natural Artefacts from the United Kingdom of England and Wales
Curated by Eva Auer, Sean Greaves and Joseph Revans

http://cargocollective.com/UK2029

http://cargocollective.com/UK2029


Accepting techno defeat (?)

• Do techno fixes resign us to the notion that we 
failed…in relation to biodiversity, nature 
conservation and environmental protection?

• Consumerism, exploitation, population growth have 
taken precedence 

• Or are techno-fixes part of our collective evolution 
of human-kind and nature as one? 



Art’s Work in the Age of 
Biotechnology: Shaping Our 
Genetic Futures was an art-

science exhibit eliciting discussion 
about genetics in society through 
the lens of contemporary art and 
offers viewers new ways to think 

about their role in the genetic 
revolution.

www.go.ncsu.edu/artswork

Todd Kuiken, Ph.D.
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http://www.go.ncsu.edu/artswork



