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pacefarer Phenome

Building the Genomic Foundation for Humanity's Next Frontier




We have solved for propulsion and engineering.

- But the [ile

is the one we carry inside us.

Our biology, evolved for Earth,
is the final barrier.




Earth’s Cradle, Space’s Crucible

Cosmic Radiation

Unrelenting DNA damage and
catastrophic cancer risk from
exposure 50x-2000x higher than
on Earth (50-2000 mSv/year).

Microgravity

Crippling bone density loss (1-2%
per month) and muscle atrophy
(up to 20% loss in 6 months). Our
bodies are literally wasting away.

Isolation & Stress

Extreme psychological stress,
circadian disruption, and
cognitive decline from
confinement and detachment.
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The Space Exposome: A System-by-System
Breakdown of Spaceflight Stress

Neurocognitive & Ocular Cardiovascular & Immune

» Neural Integrity: Microstructural « Immunosuppression: Significant
changes in white matter. decline in T-cell and NK-cell function.
« Vision Impairment: Space Flight-  Systemic Inflammation: A persistent,

« Structural Brain Changes: Upward brain \  Accelerated Aging: Cardiovascular
shift, narrowing of the central sulcus and system exhibits aging-like changes,
CSF spaces. mediated by the Piezol mechanosensor.

Associated Neuro-Ocular Syndrome (SANS), low-grade inflammatory response.
including optic disk edema. + Viral Reactivation: Dormant viruses

» Functional Decline: Impaired operational like Herpes re-emerge under immune
performance and risk of depression. stress.

Musculoskeletal \ Cellular & Molecular

» Bone Density Loss: A rapid decrease in » Mitochondrial Stress: Cellular energy
bone mineral content. systems are put under severe strain.

« Compromised Healing: Impaired ability » Genomic Instability: Impaired DNA
to heal fractures in microgravity. repair mechanisms and activation of

» Muscle Atrophy: Significant muscle retroelements.
mass and strength loss due to disuse in » Accelerated Senescence: Stem cells
microgravity. exhibit hallmarks of premature aging.
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The Blueprint for Resilience is Already in Our Genome

Human populations contain naturally occurring
genetic variants that confer protection against
extreme conditions. By systematically identifying
these variants, we can map the pathways to
enhanced resilience for spacefarers.

Our Approach: Move from population-level
discovery to actionable therapeutic targets.
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From Blueprint to Adaptation

The Spacefarer Phenome
is the concept of an
optimized collection of
human phenotypic traits,
dictated by genetics,
that are specifically
adapted for the rigors of
space.

We propose an integrated
genomics platform to identify
naturally occurring protective
genes and discover how to
enhance them for all of
humanity.
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Our Discovery Engine: From Big Data to Biological Insight

4: ACTION

Druggability

3: CONTEXT
Phenome-Wide

Assessment

Analysis (PheWAS)

2: CAUSALITY

Mendelian

1: DISCOVERY

Genome-Wide

Randomization (MR)

Association Studies

(GWAS)



Step 1: Discovering Protective
Variants (GWAS)
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We scan genetic databases (e.g., UK Biobank) for
variants associated with space-relevant traits, using
a genome-wide significance threshold (P-value

< 5x10°®) to find statistically significant signals.

Step 2: Validating Causal
Links (MR)

Genetic Variant
(Instrument)

b
XN{:\ direct path
“
%
™

Exposure Outcome
(e.g., DNA Repair Capacity) (e.g., Resilience)

We use genetic variants as natural experiments to
distinguish true causal relationships from mere
correlation. Convergence across multiple methods
(IVW, MR-Egger, Weighted Median) ensures we
target genes that actually drive resilience.

& NotebookLM



Step 3: Predicting Side

Effects (PheWAS)
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We test each variant against 500+ phenotypes to
identify unintended consequences (pleiotropy) and
beneficial side-effects, ensuring a safe therapeutic
path with rigorous false discovery rate correction.

Step 4: Identifying
Druggable Targets

We score the target protein’s “druggability” based
on its structure, biological role, and existing
pharmacology to find the most promising
candidates for therapeutic intervention or drug
repurposing.



A Modular Engine, Driven by Autonomous Agents

f"

GWAS Agent

Discovers gene-trait
associations.

N

PheWAS Agent

Scans for pleiotropic
effects.

" Orchestrator | |
Agent

results.

S

Validates causal
relationships.

\ Coordinates queries |
A and synthesizes

Druggability Agent
Assesses therapeutic

potential.

_I_

Future Agent

Extensible for new

-||'!- ||.':|I'II__|E\-:'=.

Our discovery engine is built on a multi-agent framework. Each scientific task is handled by a specialized,
autonomous agent. This parallel, modular design allows for rapid, complex analysis and makes the entire system
extensible, ready to incorporate new methodologies as they emerge.
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A Framework for Scientific & Statistical Rigor
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Statistical Validation Biological Validation Full Provenance
» Rigorous multiple testing » Cross-referencing with » Every result is fully
correction, power analysis, tissue expression data traceable to its source data,
effect sizes with confidence (GTEXx), pathway analysis, version, analysis
intervals, and genomic functional annotation parameters, and query
inflation factor checks. (UniProt), and published timestamp.

experimental support.
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Beyond the Magnetosphere: Radiation
as the Primary Threat in Deep Space

Gut Epithelia & Stem Cells

High cell turnover makes the gut
lining extremely vulnerable to
radiation damage, impacting nutrient
absorption and barrier function.

For missions beyond

Low Earth Orbit, space
radiation eclipses all other
health concerns. The
constant bombardment by
galactic cosmic rays and
solar particle events presents Vascular Endothelium
a severe, lﬂng-term l"iSk. Damage to the lining of blood

vessels is a critical long-term risk,

Low Earth Orbit (LEU) . potentially leading to cardiovascular

disease years after a mission.
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Use Case: Engineering Radiation Resistance

Can we pharmacologically enhance natural protection against cosmic
radiation-induced DNA damage?

Phenotype Discovery Insight Strategy
(GWAS) (MR/PheWAS)
Q- [ &
&
-
Define DNA repair Identified variants in The 'rs1052133° Develop small molecule
efficiency as the key key DNA repair genes variant is causally activators or gene
trait. (e.g., OGG1, TP53). linked to 15-20% therapies to mimic
higher DNA repair this protective effect
capacity. for all astronauts,
regardless of their
native genotype.
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Near-Term Impact Long-Term Vision

 Refined astronaut selection criteria * Preventive pharmacological interventions

.,  Personalized risk assessments for long- » Gene therapy targets for permanent ;
o duration missions adaptation "‘“‘ﬂ
7“7+« New hypothesis generation for space « Genetic optimization for multi-generational "~

biology research colonization




A Platform for All Extreme Environments

The methodology to genetically optimize humans for space is a generalizable
platform. The same principles can enhance resilience for:

e Deep-sea exploration

e Arctic/Antarctic habitation

e High-altitude physiology

e Terrestrial challenges like longevity and healthspan extension
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Genomics &
Biostatistics

We Are Seeking Partners to Build This Future.

We welcome collaboration and expertise in:
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Space Medicine & Structural Biology = Computational Biology
Clinical Interpretation & Druggability & Pipeline Optimization

b7 0110101 -

Ethics & Policy
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