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More than ever, 
we are a 

space-faring 
species

Mason CE
The Next 500 Years







https://www.jpl.nasa.gov/missions/mars-sample-return-msr/

ETA: 2031-2



China is aiming for samples back by 2030

https://spacenews.com/china-is-planning-a-complex-mars-sample-return-mission/



https://www.reuters.com/business/aerospace-defense/china-plans-its-first-crewed-mission-mars-2033-2021-06-24/

And boots on the ground in 2033



https://www.nasa.gov/content/nasas-journey-to-mars ETA: 2035



Integrative medicine with twin astronauts 
(and one Senator)



The NASA Twins Study
Garrett-Bakelman et al., 2019



Broad epigenetic changes observed, 
especially in the immune system

Lindsay Rizzardi, Andy Feinberg



Epigenetic Drift in Twins

Mario F. Fraga et al. PNAS 2005;102:10604-10609



Epigenetic age 
is almost the same after two years.



Garrett-Bakelman et al., Science, 2019

2019





Line up the reads



Can see it in nanopore data….



and PacBio HiFi reads



Indeed, the nanopore-based telomeres are 
longer in flight (TW)

Luxton et al., Cell Reports, 2020
https://pubmed.ncbi.nlm.nih.gov/33242411/



But, telomeres still have many stories to tell…

https://genome.cshlp.org/content/31/7/1269



Population-specific, non-canonical 
variants and haplotypes



1Telomere elongation validated 
in two other astronauts

Luxton et al., Cell Reports, 2020 w/ Susan Bailey



http://www.sciencemag.org/news/2018/05/two-mountaineers-are-trying-recreate-nasa-s-twin-study-mount-everest



1
Then 11 other astronauts & on Mt. Everest

Luxton et al., Cell Reports, 2020
https://www.cell.com/cell-reports/fulltext/S2211-1247(20)31446-7 w/ Susan Bailey



Gene expression changes in flight and after:
Immune system, DNA repair, and hypercapnia



1 Space is hard; landing is harder

Gertz et al., Cell Reports, 2020https://www.cell.com/cell-reports/fulltext/S2211-1247(20)31418-2



The return of muscles’ use

Gertz et al., Cell Reports, 2020



Some differences as a function of mission 
length

Gertz et al., Cell Reports, 2020



Single-cell expression and 100-plex protein epitope 
tagging at the same time (BD Rhapsody AbSeq)



Shifts found in the immune cell types : NK cells, monocytes

Pre-flight Cells (mRNA) Post-flight Cells (mRNA)

Pre-flight Cells (epitope) Post-flight Cells (epitope)



Increase of monocytes upon landing



Inflammation and aging? 

https://drheathermd.com/wellness/what-is-inflammaging



Everyone has some mutations…

https://www.nature.com/articles/ng.2413



Inevitable Mutations? 
Clonal Hematopoiesis of Indeterminate Potential (CHIP)

https://www.nature.com/articles/s41591-018-0081-z



Interaction between the immune system and 
CHIP; if you sequence deep enough, you find it

https://www.nature.com/articles/s41569-019-0247-5



The stem cells encode their own dominance

https://www.science.org/doi/10.1126/science.aba9304



Maybe some ways to reduce it: 
such as Vitamin C (in mice)?

https://linkinghub.elsevier.com/retrieve/pii/S0092867417308681



And…CHIP gets a little better in space

Trinchant et al., Cell Reports, 2020



But…



It came back

Trinchant et al., Cell Reports, 2020
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Compared to beam radiation, mid-rage VAF 
changes



Now online



Overall good news

Recovered

Garrett-Bakelman et al., Science, 2019



59 more astronauts’ data released in the Aerospace 
Medicine & Spaceflight Biology Package (30 papers)

https://www.cell.com/c/the-biology-of-spaceflight

In-flight photos from Scott KellyDr. Afshin Beheshti
Dr. Susan Bailey

https://www.cell.com/c/the-biology-of-spaceflight
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Informed Consent Form (ICF) and active IRB



https://inspiration4.com/press/inspiration4-crew-will-conduct-health-research-to-further



Afshinnekoo et al., Cell, 2020



Standard Omics 
Measures for 

Astronauts (SOMA)



Tube Type Streck cfDNA PaxGene RNA Serum Separation Cell Preparation K2EDTA Total

# of Tubes 1 1 1 2 4 9

Volume 10 mL 2.5 mL 7.5 mL 20 mL 16 mL 56 mL



Stool, saliva, urine genomics and metabolomics









V/SPEED



V/SPEED









Microbiomes can come from unexpected places

https://www.space.com/inspiration4-spacex-toilet-trouble-in-space







T-cells’ Expressed Motifs (TCEMs) may respond to microbes inside 
the Dragon capsule, just like Scott Kelly’s did to the walls of the ISS

Danko et al., 2021
https://www.biorxiv.org/content/10.1101/2020.11.10.376954v2



Radiation impact of 575km vs. 400km



Up Next…



Compare to model organisms: GeneLab

https://genelab.nasa.gov/







Axiom 2 Mission, then 3 & 4, maybe 5…

https://www.axiomspace.com/press-release/ax2



A 500-day mission in space; 
planned for 2025

https://www.newscientist.com/round-up/mars500/
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Found in most cell types
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