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THE MISSING LAYER: TEN YEARS LATER AND DNA SEQUENCING IN SPACE IS STILL NOT
ROUTINE

Abstract

Every crewed mission beyond low Earth orbit will depend on biology that cannot be sent home for
analysis. For example, despite successful demonstration of nanopore-based DNA sequencing aboard the
ISS in 2016, genomic characterization remains a rare, resource-intensive experiment rather than a routine
operational capability after ten years. The bottleneck is not the sequencer; it is the absence of the
infrastructure layer around it.

This paper argues that realizing the full scientific, medical, and commercial potential of molecular
biology in space requires the deliberate development of a molecular biology application layer. This is an
integrated framework of standardized workflows, autonomous bioinformatics pipelines, interoperable data
standards, and biosafety protocols that together transform sequencing from a one-off demonstration into
a repeatable, mission-agnostic service. We draw on the trajectory of terrestrial clinical genomics where
the transition from research instrument to routine diagnostic tool was driven not by sequencing chemistry
alone, but by the parallel maturation of sample-to-answer workflows and data standards. Spaceflight
biology requires an analogous transition now. The proposed application layer addresses four interlocking
requirements: (1) microgravity-adapted sample preparation protocols; (2) onboard bioinformatics capa-
ble of real-time sequence classification without ground-in-the-loop dependencies; (3) standardized data
formats and metadata schemas enabling cross-mission comparability across ISS, commercial stations, and
future exploration platforms; and (4) modular biosafety and containment standards scalable from ISS to
Gateway and lunar surface operations.

Together, these components unlock compounding returns across the full scope of spaceflight biology:
longitudinal crew microbiome and epigenome monitoring, closed-loop environmental microbial surveil-
lance, in-flight validation of biological countermeasures, and planetary protection compliance at the point
of sample collection. Critically, real-time onboard sequencing transforms the commercial potential of in-
space pharmaceutical and biotechnology research: rather than waiting months for samples to return to
Earth for analysis, a molecular biology application layer enables closed-loop experimental iteration within
the same mission increment — adjusting culture conditions, dosing parameters, or genetic constructs in
response to live sequencing data. This compresses multi-year Earth-bound drug discovery cycles into
accelerated in-space experiments that exploit microgravity’s unique and irreproducible effects on protein
folding, cell behavior, and gene expression, returning actionable molecular data to pharma and biotech
partners in near real-time.

This shared infrastructure layer is the highest-leverage investment the spaceflight biology community
can make for science in orbit that benefits humans in space and on Earth.



