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Summary

e Mirror bacteria could plausibly be created by scientists in 10-30 years

e Mirror bacteria would have limited practical benefit, but could plausibly
pose unprecedented risk to humans, animals, plants, and ecosystems

e Global discussion and governance are needed now

e Mirror life should not be created
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Confronting risks of mirror life

Broad discussion is needed to chart a path forward
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‘Unprecedented risk’ to life on Earth:
. Scientists call for halt on ‘mirror life’
microbe research
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Introduction to mirror bacteria

e All life relies on molecules with chirality
(“handedness”) §\*

e Living organisms use only one of the two possible
configurations, but “mirror life” using the opposite
chirality could be constructed in the lab

e One of the simplest viable mirror lifeforms would
be mirror bacteria

e Our work considers synthetic mirror life created
here on Earth—not extraterrestrial mirror
organisms




The creation of mirror bacteria is increasingly feasible

e Most likely pathway would combine work on
synthetic cells and mirror biomolecules
Synthetic bacterium Mirror biomolecules
e Primarily motivated by technical challenge and _
curiosity with few concrete benefits oetocel RY

e Few researchers are actively working toward
mirror bacteria

e Timelines are highly uncertain:
o 15-30 years away by default
o >10years with $500m-$1b effort (c.f.
Human Genome Project)

Mirror bacterium



Mirror bacteria could evade most immune responses

e Across multicellular life, immunity depends on
chiral molecular interactions that would likely be
evaded by mirror bacteria

e In humans and other vertebrates, mirror bacteria
could plausibly be lethal

e Many invertebrates and possibly plants would also
likely be vulnerable




Mirror bacteria could disrupt global ecosystems

e Mirror bacteria would likely have:
o A somewhat lower reproduction rate
because of fewer food sources
o A substantially lower death rate because
of inherent resistance to predators

e Without ecological controls, mirror bacteria
populations could expand and invade diverse
environments

e The potential result: massive ecological harms
through extinctions, degradation of habitats, and
effects on nutrient cycling




Containment that is robust to misuse is not feasible

e Biocontainment is plausible but could be
deliberately undone

e Physical containment often fails due to
human error and can be deliberately evaded

e Malicious or ill-informed actors could
replicate methods to construct mirror
bacteria and likely make them more robust




Medical countermeasures (IMCMSs) may be possible

but will be insufficient

Some antibiotics may be effective against mirror
bacteria and further MCMs could plausibly be
developed

However:

e Distributing (novel) MCMs globally and equitably
during a pandemic would be extremely difficult

e Medical countermeasures cannot plausibly prevent
harms to plants, animals, and ecosystems
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Our conclusions and initial recommendations

1) Mirror bacteria should not be created

e Ourview is that research whose goal is the creation of mirror life
or the establishment of key enabling technologies should not be
funded or conducted

e Broad agreement at a recent conference: “no one argued that the
potential benefits of creating mirror life [...] outweigh the risks"’

2) Additional scrutiny and discussion is needed

e Participation will be needed from a variety of stakeholders

(1) Cohen, 2025. “Fifty years after ‘Asilomar,” scientists meet again to debate biotech’s modern-day threats.” Science. doi: 10.1126/science.zw9idfw
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Mirror life and planetary protection

e We consider synthetic mirror life—not
naturally occurring extraterrestrial mirror
life

e Planetary protection frameworks (e.g.,
COSPAR) offer a foundation for
considering biological risks on a global
level and how to manage them

e Current governance is not equipped to
prevent, detect, or respond to synthetic
mirror life
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Further considerations for governance

e Consider governance of enabling
technologies
o Roadmapping of enabling
technologies
o Preventing mirror genomes

e Consider systems for monitoring
purchase of mirror oligonucleotides

e Additional research on risk, including:
o Immune system effects
o Detection and biosurveillance
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Recent and future events

The recent Spirit of Asilomar conference hosted a productive discussion on
mirror life (February 2025)

There will be various workshops and conference side-events throughout 2025 to
further the conversation on mirror biology:

e NASEM workshop on mirror biology (2025)

e Institut Pasteur (June 2025)

e University of Manchester (Fall 2025)

e National University of Singapore (Early 2026)
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Q&A [ discussion

Mirror bacteria could pose a risk to a substantial fraction of multicellular life.

The reversed chirality of mirror bacteria could allow for:

1) Evasion of many immune mechanisms, in humans, other animals, and plants
2) Evasion of ecological control mechanisms

They could plausibly be created in the next 10-30 years

Our view: mirror bacteria should not be created and key enabling work should not be
funded

A broad discussion about this risk needs to be initiated
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Q&A + Discussion



