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What does the microbiome have 
to do with lunar exploration?



1. Planetary protection: let’s not 
find life that we put there
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A bird eye view of SAF 
Microbiome. Red – Brown 
portion represents Bacteria 
while blue represent Fungi, 
Archaea and Viruses.

Bacteria:	 5194

Fungi:	 	 282

Archaea:	 38

Viruses:	 63


PP relevant Group

Firmicutes: 	 891 

Mars 2020 JPL SAF associated microbiome (a shotgun 
metagenome approach)
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Mars 2020 spacecraft assembly facility microbiome
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Mars 2020 spacecraft assembly facility microbiome
• Among the built environments of 

neonatal ICU and JPL-SAF cleanrooms, the 
alpha diversity measured by microbial 
taxon richness was highest in the NICU 
than the JPL-SAF cleanroom floors. 
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Mars 2020 spacecraft assembly facility microbiome
• Among the built environments of 

neonatal ICU and JPL-SAF cleanrooms, the 
alpha diversity measured by microbial 
taxon richness was highest in the NICU 
than the JPL-SAF cleanroom floors. 

• Human exposure was associated with 
microbial taxon richness, although some 
of the details differed among the 
environments.

• Klebsiella and Staphylococcus with NICU

• Acinetobacter baumannii, Acinetobacter equi, 

and Acinetobacter johnsonii in JPL-SAF floors

Minich JJ, Zhu Q, Janssen S, Hendrickson R, Amir A, Vetter R, Hyde J, Doty MM, Stillwell K, Benardini J, Kim, J. H., Allen, E. E., Venkateswaran, K., 
Knight, R.: KatharoSeq Enables High-Throughput Microbiome Analysis from Low-Biomass Samples. mSystems 2018, 3(3). 
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Radiation – resistant microbes in JPL-SAF
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Radiation – resistant microbes in JPL-SAF

• Deinococcus radiodurans

• Hymenobacter sp. DG25A

• Bacillus pumilus SAFR-032 (Spore)
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2. Creating a healthy built 
environment on the moon





Core microbiome of ISS 
(metagenome sequencing)
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Core microbiome of ISS 
(metagenome sequencing)

• The ISS microbiome is unique to a 
particular subsystem but also some 
microbial species are common (core 
microbiome; 17 species). 

Kasthuri Venkateswaran, JPL



Core microbiome of ISS 
(metagenome sequencing)

• The ISS microbiome is unique to a 
particular subsystem but also some 
microbial species are common (core 
microbiome; 17 species). 

• Dominant ISS core microbiome:

• Fungi (P. brasilianum, P. chrysogenum, P. 

digitatum, P. expansum, P. freii, P. griseofulvum, 
P. roqueforti, P. rubens, A. calidoustus, and A. 
niger).


• Bacteria (E. cloacae, E. coli, P. ananatis, S. 
enterica, S. aureus, and S. epidermidis). 
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Core microbiome of ISS 
(metagenome sequencing)

• The ISS microbiome is unique to a 
particular subsystem but also some 
microbial species are common (core 
microbiome; 17 species). 

• Dominant ISS core microbiome:

• Fungi (P. brasilianum, P. chrysogenum, P. 

digitatum, P. expansum, P. freii, P. griseofulvum, 
P. roqueforti, P. rubens, A. calidoustus, and A. 
niger).


• Bacteria (E. cloacae, E. coli, P. ananatis, S. 
enterica, S. aureus, and S. epidermidis). 

• Compare with other microbiome studies:

• The ISS microbiome represents a "minimal 

core’’ human model in which all the human 
subjects shared few microbial species, large 
overlaps were found in subsets but a very little 
was common between all the sets. 
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Image Credit: NASA (via Wikipedia)
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3. Precision medicine and nutrition 
for lunar explorers











A global microbial biodiversity crisis?
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Bach (2002) N Engl J Med, Vol. 347, 911-920

A global microbial biodiversity crisis?





1 teaspoon stool =

1 ton of DVDs



Questions?
robknight@ucsd.edu

qiita.ucsd.edu gnps.ucsd.edu

http://qiita.ucsd.edu

