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Why metagenomics at ESA

In line with the Planetary Protection vision in TECNOLOGY 
2040 and international roadmaps

• Switch from culture-based assay to culture 
independent/DNA based

• Currently it is estimated that 97% of 
methods used rely on culturing

• Future activities should consider investing in 
molecular biology and dropping culture 
based down to 50% by 2030 and 5% to 
2050.

 
 

 

 
 
 

  
         

  

Drivers / Targets

Policy

Biological Assessment 

Utilization of Rapid, Direct Detection 
and Biochemical Methods for 
Verification . Reavulate the spore 
assay. Identify problematic 
microorganisms for Mars 

   

       
     

    
   

   
      

   
  

   

     
   

   
    

  

   
 

             

    
     

      
 

              

    
    
     

    
   

     
 

     
  

    
   

   
   

New knowledge acquired 

  

ESA and COSPAR Planetary Protection Policy

   

       

  

  

  

     

 

   
 

   

   

  

    

  

  

 

 

  

 

 

  

  
 

 
    

    

   

    

  

   

   

  

     

  

 

 

  

  
 

  

  

  

     
    

     
   

   

   

       
     

    
   

   
      

   
  

   

     
   

   
    

  

   
 

             

    
     

      
 

              

    
    
     

    
   

     
 

     
  

    
   

Missions, programmatic drivers timeline
END GOAL - DESIRE

   

TECHNOLOGY NEEDS CAPTURED
2025

2030 2035
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Why metagenomics at ESA

Metagenomic Micro-organisms
survivability

Probabilistic
approach

Information about the function, i.e. not only the “who”, but the “what” and the “how”

Potential powerful tool(s) to help:

1. assessing harmful contamination even beyond pre-launch

2. Influence system design and operations of a spacecrafts

3. Re-thinking of PP approaches, so far until “pre-launch”
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Ongoing activities at ESA

Metagenomic strategy
Ideal step-by-step approach:

Genome catalogue is paramount to make the
initial step, however we do not have it yet.

What do we do then? We need to start
somewhere and improve step by step

We won’t start with the perfect solution

Genome 
catalogue

Phenotype 
predictions

tests/sequencing to 
confirm predictions

Probabilistic 
model 
trained

Note: Based on models that were 
trained

Note: This includes validation 
through experiments in the lab
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Ongoing activities at ESA

Systematic metagenomic campaigns on all 
ESA PP related missions

Study leads:

Cleanroom, ground support equipment and (potentially)
flight hardware

Spore assay
Cultivation of oligitrophic, alkaliphilic, vegetative,
anaerobic microorganisms and fungi
16S rRNA gene (taxa)
Metagenomics (function)

Extending the scope of ESA databases

ESA Strain Collection

1
2

3
4
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Ongoing activities at ESA
Metagenomic campaigns

Independent safety office study (started 2025):
• JUICE, ExoMars (both Prime contractors UK and IT)
• European Spaceport – Korou
• Another European contractor (FR)
• ESA ESTEC ISO 1 cleanroom
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