
When scientists say “stop”: 
governing risks from mirror life 
before they emerge
November 6th, 2025

Dr Jolien Sweere
Mirror Biology Dialogues Fund



I. Background

II. Mirror life: Feasibility and potential benefits

III. Risks:

A. Immune evasion and infections

B. Impact on ecosystems 

IV. Containment and countermeasures

V. Recent progress

Outline 



Like hands, chiral molecules come in 
‘mirrored’ pairs
● ‘Left’ and ‘right’ handed versions have 

identical physical properties but very 
different biological properties

● All known life uses key biomolecules 
with a single handedness, e.g.

○ ‘left’-handed L-proteins

○ ‘right’-handed D-DNA

● Mirror proteins and DNA are not 
found in nature but can be chemically 
synthesized

(R)-Thalidomide
sedative

(S)-Thalidomide
teratogen
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Background: Early timeline 
of mirror life and risks
1848: Louis Pasteur discovers homochirality

1992: A Science letter: mirror life “would have 
built-in immunity to attack from ‘normal’ life” 
and that “synthesizers of life… need to 
consider these matters in detail before 
getting started.” 

2010: A Wired article: “mirror life wouldn’t have 
any predators or diseases to limit its 
reproduction. They would have to keep an 
eye on that.” 

2012: Church and Regis discuss mirror life in 
Regenesis: How Synthetic Biology Will 
Reinvent Nature and Ourselves

2014: NSF Grant: Establishment of a Fully 
Synthetic, Mirror-Image Biological System

2019: NSF Grant: Booting up a mirror cell



2024: Working group on mirror life

* National Academy of Sciences/Medicine member, or equivalent

Kate Adamala, University of Minnesota
Deepa Agashe, Bangalore Nat. Centre for Biological Sciences
Yasmine Belkaid, Institut Pasteur *
Daniela Bittencourt, EMBRAPA Brazil
Patrick Cai, University of Manchester
Matthew Chang, National University of Singapore
Irene Chen, University of California Los Angeles
George Church, Harvard University *
Vaughn Cooper, University of Pittsburgh
Mark Davis, Stanford University *
Neal Devaraj, University of California San Diego
Drew Endy, Stanford University
Kevin Esvelt, Massachusetts Institute of Technology
John Glass, J. Craig Venter Institute
Timothy Hand, University of Pittsburgh
Tom Inglesby, Johns Hopkins University *

Farren Isaacs, Yale University
Wilmot James, Brown University
Jonathan Jones, Sainsbury Laboratory *
Michael Kay, University of Utah
Richard Lenski, Michigan State University *
Chenli Liu, Shenzhen Institutes of Advanced Technology
Ruslan Medzhitov, Yale University *
Matthew Nicotra, Johns Hopkins University
Sebastian Oehm, J. Craig Venter Institute
Jassi Pannu, Stanford University
David Relman, Stanford University *
Petra Schwille, Max Planck Institute *
James Smith, J. Craig Venter Institute
Hiroaki Suga, University of Tokyo *
Jack Szostak, University of Chicago *
Nicholas Talbot, Sainsbury Laboratory *
James Tiedje, Michigan State University *
Craig Venter, J. Craig Venter Institute *
Gregory Winter, Cambridge University *
Weiwen Zhang, Tianjin University
Xinguang Zhu, CAS-MPG Partner Institute
Maria Zuber, Massachusetts Institute of Technology *

Jack Szostak John Glass

Co-chairs:



Science paper & technical report

In Dec. 2024, 38 scientists from 10 countries published:

● A policy paper on risks of mirror life in Science

● An accompanying 300-page technical report
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The creation of mirror bacteria is increasingly feasible 

Most likely pathway towards mirror bacteria:

● Convergence of efforts to produce 
mirror biomolecules with synthetic cell 
research for “bottom-up” assembly

● No known researchers are actively 
working to make mirror bacteria

● Timelines are highly uncertain:

○ 10–30 years away by default

○ <10 years with a $500m–$1b effort

○ AI could accelerate timelines

Synthetic bacterium Mirror biomolecules
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Why make mirror life? Limited foreseeable benefits

Motivation to create mirror bacteria:

● Overcome the technical challenge and 
satisfy scientific curiosity

● Primary proposed application is to 
produce mirror biomolecules, more 
cheaply and at greater scale.

Synthetic bacterium Mirror biomolecules

Source: Maier & Levy, 2016)

8



Achiral nutrients could support mirror bacteria growth

Typical concentration of 
accessible nutrients:

• Natural waters: 1–1000 μg/L
• Soil: 0.8–8 mg / L**

• Gut lumen: 0.1–150 mg/L
• Blood: 0.1–180 mg/L

Estimated minimum required 
concentrations for E. coli growth: 

~ 100s of μg/L

Key references: Clark & Cronan (1996); Gunina & Kuzyakov, Soil Biol. Biochem. (2015); Lin (1996); Thurman (2014); Tong et al, mBio (2020); The 
Human Metabolome Database (2022)

Achiral Nutrients that Support E. coli growth
Sole carbon sources
Central 
metabolites

Citrate, fumarate, glycolate, glyoxylate, ɑ-ketoglutarate, 
pyruvate, succinate

Fatty acids Acetate, acetoacetate, butyrate, propionate, valerate
Medium-chain (C6–C10) fatty acids
Long-chain (≥C12) fatty acids

Alcohols Butanol, ethanol, propanol
Sugars and 
polyols

Dihydroxyacetone, ethylene glycol, galactitol, glycerol, mucate

Aromatic acids Benzoate, m-coumarate, 2-furoate, 3-hydroxyphenylacetate, 
phenylacetate, phenylpropionate, phenylethylamine

Amines γ-aminobutyrate, putrescine
Misc. γ-hydroxybutyric acid, methyl pyruvate, m-tartaric acid
Sole nitrogen sources
Amino acids Glycine
Amines Agmatine, γ-aminobutyrate, dopamine, phenylethylamine, 

putrescine, spermidine, tyramine
Nucleobases Adenine, cytidine, thymine, uracil **Data from soil with plant growth



Many immune mechanisms would likely fail during mirror 
bacteria infection 
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Across multicellular life, immunity depends on 
chiral molecular interactions that could be 
impossible with mirror bacteria.

In humans and other vertebrates, mirror 
bacteria could likely:

● Passively translocate across barrier 
tissues

● Avoid many mechanisms of recognition 
and killing by innate and adaptive 
immunity 

This could potentially lead to systemic 
infections that could be fatal. 

Many invertebrates and possibly plants could 
also be vulnerable.



Mirror bacteria could evade biological controls and disrupt 
global ecosystems
Natural-chirality bacteria in the environment 
are kept in check by ecological controls

● Mirror bacteria would likely be highly 
resistant to bacterial predators due to 
mismatched chirality

● Without these ecological controls, mirror 
bacteria could invade many diverse 
environments

● Potential result: great ecological harm 
(e.g., effects on nutrient or geochemical 
cycling, degradation of habitats, 
exposure to animals and humans)

● Mirror bacteria would not have to 
outcompete all other life forms to be 
dangerous
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Containment that is robust to misuse is not feasible

Even the most robust containment and 
biosafety measures cannot eliminate all risk

● Biocontainment is plausible but could be 
deliberately undone

● Physical containment is vulnerable to 
human error or malicious action

● Malicious actors could replicate 
methods to construct mirror bacteria 
and likely make them more robust
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Medical countermeasures are unlikely to be sufficient

While some existing and/or novel medical 
countermeasures (MCMs) may be effective:

● Antibiotics typically require a functional 
immune response to be effective

● Novel MCMs could be developed, but 
development, testing, and scaling could 
be difficult during an outbreak

● Equitably distributing these MCMs 
around the world during a pandemic 
would be extremely difficult

● MCMs cannot plausibly prevent harms 
across plants, animals, and ecosystems
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Global conversation needed to chart a path forward

Starting point for discussion: 

○ Research on mirror biomolecules is safe and should 
continue, as should work with natural-chirality cells

○ Mirror bacteria should not be created and funders 
should not fund work to make them, given current 
understanding

○ Research should be done transparently to better 
understand risks from mirror bacteria without 
advancing toward their creation

○ Consider governance of precursor technologies
 on way to mirror life needed that protects benefits

2024: Working group recommendations (Science)



What has happened since the 
publication?



Broadening scientific discussion in 2025



Scientific discourse



Initial policy & governance discussions
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“28. There should be a coalition among funders, 
researchers, governments and civil society to 
develop appropriate guidelines to manage the 
development of mirror molecules and prevent the 
development of replicating mirror organisms.  

29. There should be collective international 
agreement to monitor research into self-replicating 
mirror cells and to develop appropriate mitigations on 
a case-by-case basis. Any such agreement could, of 
course, be ignored by bad actors. 

30. Stopping all research into mirror life would 
compromise the UK’s ability to manage risks and 
benefit from opportunities.”

UK Govt Office for Science Expert Roundtable- Jan 2025
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“3. We believe that mirror life should not be created unless future 
research convincingly demonstrates that it would not pose severe risks. 

4. Current technical barriers to the creation of mirror life provide a 
valuable window of opportunity to further evaluate and address 
its risks.

5. We call on the global community—including scientists, governments, 
ethicists, industry, and civil society groups––to establish governance 
mechanisms capable of preventing the creation of mirror life. This 
should include governance of key technologies that, if not properly 
controlled, could facilitate the creation of mirror life. We also 
encourage further research to evaluate the risks of mirror life, as 
long as this research does not itself facilitate the creation of mirror life.” 

Spirit of Asilomar Summit Entreaty- February 2025
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“The Board also acknowledged specific biotechnology-related 
risks, including the eventual creation of “mirror organisms”. 
Advances in this field raise concerns about the potential 
development of novel biological agents, including convergence 
with chemical agents, as well as potentially catastrophic 
ecological consequences. These developments could present 
unprecedented, perhaps existential, risks.”

UNIDIR Advisory Board on Disarmament Matters Report- 
July 2025
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“Public and private funders should commit to not funding 
research with the goal of creating mirror bacteria”

Carnegie Endowment Workshop- May 2025
Sloan Foundation Commitment- Aug 2025

“The program will not support…research with the goal of 
creating mirror organisms.”
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“V.2.3 Impose Precautions on “Mirror” replicating cells

201. Enact a precautionary global moratorium on creating 
mirror cells (living, dividing organisms made of DNA, proteins, 
sugars and lipids with reversed chirality). International 
authorities (e.g. via the UN Biological Weapons Convention) 
should explicitly include these in emerging biohazard 
oversight. Researchers should be encouraged to find alternative 
routes towards synthesis of beneficial mirror molecules and to 
further study the risks of mirror cells via simulations or non-living 
experiments.”

UNESCO International Bioethics Committee (IBC) Report- 
Sept 2025
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Germany’s Zentrale Kommission für die Biologische 
Sicherheit (ZKBS) Statement- Sept 2025

Synthetic Biology Working Group: 

“The ZKBS has examined the [Science paper & 
Technical Report] authors' arguments and 
shares their key assessments. In particular, 
the ZKBS recognizes the potential, albeit 
currently difficult to assess, danger posed by 
self-replicating mirror bacteria to humans, 
animals, plants, and the environment. The call 
for a broad scientifically and socially 
oriented debate is explicitly supported.” 
(Translation)
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Consortium for Science, Policy and Outcomes - Oct 2025

“Some points of consensus emerged. Research 
on mirror biomolecules should proceed. 
Efforts to create self-replicating mirror 
organisms should not. Intermediate steps 
require special oversight, with evidence gates 
guiding progress. Public engagement must be 
ongoing and inclusive. Biosafety professionals 
need resources and support. And governance 
must operate at both local and global levels.” 



What is next?



Recommendations based on conference discussions:

1. Researchers should refrain from pursuing the creation of 
mirror organisms, and public/private funders should make 
clear that they will not support research aimed at this 
goal.

2. Work should start now to develop frameworks for governing 
key technical milestones on the pathways to mirror life, 
with input from a wide range of global stakeholders.

3. Efforts to mitigate the risks of mirror organisms should 
preserve scientific freedom and the potential benefits of 
life-science research to the maximum extent possible.

4. Further research should be conducted into the risks of 
mirror life, as long as this research does not itself advance 
their creation and is performed in an open and transparent 
fashion.
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Paris Conference on Risks from Mirror Life



Examples of governance in life sciences

● Funding prohibitions (e.g., Horizon Europe Article 
18)

● Norms (e.g., against human cloning)

● Voluntary self-regulation (e.g., 2012 H5N1 
moratorium)

● Materials access controls (e.g., radioactive materials 
license)

● National laws & regulations (e.g., US DURC/PEPP)

● International agreements (e.g., BWC)



Acceptable research (mirror 
molecules for therapeutics)
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Identifying the right barriers / stopping points 

What we need to avoid 
(mirror bacteria)

Source: Devaraj, NASEM presentation, 2025  

The right barriers allow 
beneficial research to 

continue without concern 



The RIVM Dual-Use Quickscan: mirror bacteria and their 
precursor technologies could be vulnerable to misuse

The questions around potential for misuse of the knowledge around, or the 
products of this research itself, could plausibly be answered with “yes”



If you walk away with anything…
Key points

1. Mirror life could pose unprecedented risks while 
yielding potentially few benefits

2. We have an unusual (but not indefinite) opportunity to 
prevent a threat 

3. Urgency to act due to decreasing barriers; community 
aiming to define appropriate stopping points

Other takeaways

1. No strategic advantage in developing mirror life
2. Research should proceed, but without creating safety 

or security concerns  
3. International coordination on policy is important but 

unilateral action can still reduce risks 
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Read the report here:


