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Challenges of Spaceflight
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Risk of Adverse Health Effects Due to Host-Microorganism 
Interactions



2011 NRC Decadal Survey: “Microbial observatory” in space

“Species that are uncommon, or that have significantly increased or decreased 
in number, can be studied in a “microbial observatory” on the ISS, in ground-
based facilities, or both.”

“If these studies suggest that permanent changes have occurred within the 
species, approaches such as microarray analysis and whole-genome sequencing 
can be used to determine what modifications or mutations may have occurred 
to shift the microbial population dynamics.”

“The continuing decline in the cost and increase in speed of genomic analysis 
should facilitate the comprehensive study of any changes in these microbial 
populations in space. Wide dissemination of this rich collection of raw data 
within the scientific community will allow a variety of scientific investigations.”

National Research Council. 2011. Recapturing a Future for Space 
Exploration: Life and Physical Sciences Research for a New Era. 
Washington, DC: The National Academies Press. 
https://doi.org/10.17226/13048.



Microbial Tracking 1

One sampling location for the Microbial Observatory-1 
investigation. Credit NASA.

A petri dish contains colonies of fungi grown from a 
sample collected aboard the International Space 
Station during the first of the three Microbial Tracking-1 
flights. Credit NASA.

Using adhesive tape as a sampling device, Venkateswaran 
and Karouia demonstrate one of the methods that station 
crew used to collect microorganisms from surfaces for the 
Microbial Tracking-1 investigation. Credit NASA.

Microbial Tracking-1A (launched January 10, 2015)
Microbial Tracking-1B (launched April 14, 2015)
Microbial Tracking-1C (launched April 8, 2016)



NASA GeneLab data system

• Mission: To enable scientific discovery and space exploration through multi-omics data-driven research.
• Currently funded by SLPSRA Space Biology program. Previously received funding from the ISS program.
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GeneLab overview: Database content

Total number of studies: 211 (09-03-2019)

Microarray
73%

RNA-seq
27%

TRANSCRIPTION PROFILING

Ground
50%

Parabolic
1%

Spaceflight
49%

STUDY TYPE

Rodents
34%

Microbes
18%

Human
22%

Plants
11%

Invertebrates
7%

Fruit flies
5%

Fish
3%

ORGANISM

Deletion pool 
profiling

1%

DNA 
methylation 

profiling
7%

Environmental 
gene survey

2%Genome 
sequencing

5%
Metabolite 

profiling
2%

Protein 
expression 

profiling
9%

RNA 
methylation 

profiling
2%

Transcription 
profiling

72%

ASSAY TYPE

GeneLab contains 
decades of Space 
Biology omics data



Microbe datasets on GeneLab
• Understanding how microbes respond the spaceflight is critical to: Astronaut health and safety, Space biotechnology, Planetary 

protection, Astrobiology
• 31 studies: 17 transcription profiling, 7 genome sequencing, 2 proteomic, 6 microbiome profiling

Cross-kingdom datasets! 

Credits: NASA
Credits: NASA

EXPOSE-R Payload
EXPOSE-R payload outside in Real Space!

Samples exposed to Real Space!

Credits: Wikipedia (Image is Public Domain)

Wild space samples!

Credits: NASA
Credits: NASA

Mold on ISS



Microbiome profiling datasets on GeneLab
GLDS Title Data type Study type

GLDS-26 Microbiomes of the Dust Particles Collected from the International Space Station and Spacecraft 
Assembly Facilities Amplicon Spaceflight (ISS)

GLDS-65 Microbial Observatory (ISS-MO): Microbial diversity Amplicon Spaceflight (ISS)

GLDS-66 Microbial Observatory (ISS-MO): Antimicrobial resistance genes Antibiotic resistance Spaceflight (ISS)

GLDS-69 Microbial Observatory (ISS-MO): Microbial metagenomics Whole Genome Spaceflight (ISS)

GLDS-72 Space environmental factor impacts upon murine colon microbiota and mucosal homeostasis Amplicon Spaceflight (ISS)

GLDS-82 Microbial monitoring in the ISS-Kibo Amplicon Spaceflight (ISS)
GLDS-126 Analysis of dust samples from the Russian part of the ISS Amplicon Spaceflight (ISS dust)

GLDS-146 Mouse fecal microbiome after exposure to high LET radiation Amplicon Ground analog 
(Irradiated mice)

GLDS-191 Temporal dynamics of the gut microbiota in people sharing a confined environment, a 520-day 
ground-based space simulation. Amplicon

Ground analog 
(Humans on space 
mission)

GLDS-170 NASA Aircraft Bioaerosol Collector (ABC) Amplicon Ground analog 
(stratosphere)

GLDS-200 Quantitative evaluation of bioaerosols in different particle size fractions collected on the 
International Space Station (ISS) Amplicon Spaceflight (ISS)

GLDS-212 Reproducible changes in gut microbiome reveal a shift in microbial and host metabolism during 
spaceflight (Peng Jiang) Amplicon Spaceflight (Mouse)



Getting the data



How can YOU download and analyze this data?

Anyone:
1. Go to genelab.nasa.gov!
2. Download and begin analyzing!

Those with technical skills and an interest in collaborating with likeminded scientists:
1. Go to genelab.nasa.gov!
3. Join a NASA GeneLab Analysis Working Group (https://genelab.nasa.gov/awg/join)!

https://genelab.nasa.gov/awg/join


Thank you for listening!
Go to: genelab.nasa.gov
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