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Introduction:  Future human extraterrestrial mis-

sions, and missions to Mars in particular, will be ex-
tremely challenging to operate. Such mission will re-
quire a sophisticated bioregenerative life support sys-
tem while in orbit and efficient in-situ utilization sys-
tems while on the surface to manage and produce all 
the needed resources (oxygen, water, waste, etc.) to 
support human activities [1-2]. Most likely consortia of 
specialized, adapted, or engineered microorganisms 
will be intentionally introduced or used for such efforts 
[3]. Furthermore, the presence of humans will have a 
considerable impact on the level of bioburden, as it has 
been established that a human body carries 100 times 
more microbes than human cells [4]. 

Therefore, in order to fulfill planetary protection 
requirements regarding forward and backward contam-
ination, microbial population in both kind and quantity 
will have to be monitored and evaluated throughout the 
mission.  The emergence of advanced molecular assays 
and high-throughput techniques of system biology is of 
special importance to planetary protection. Using such 
systems it can efficiently assessed what are the levels 
of bioburden, qualitatively or quantitatively estimate 
the level of biodiversity, and track genetic changes 
induced by the harshness of space environments [5]. 
For example, cytological (flow cytometry) and Bi-
omarker (Limulus Amebocyte Lysate and ATP assays) 
methods have been used to assess the level of biobur-
den. However, high-throughput mass spectrometry and 
PCR-based techniques either individually or in con-
junction with DNA microarrays are more suitable ap-
proaches to infer diversity. Finally, sequencing meth-
ods are capable of identifying genetic changes, induced 
by space radiation in particular, that occur in microbial 
communities during their journey [6-8]. 

The effects of space environments on biological 
systems are influenced by many factors and should be 
studied using global, integrative methods. This, in turn, 
implies that “omics” approaches are not only helpful 
but are indispensable for planetary protection [5]. We 
will discuss which “omics” technologies are currently 
amenable to adaptations for space applications and 
how these adaptations can be achieved [8]. We will 
review ongoing efforts aimed in this direction and dis-
cuss scientific benefits that they might bring. In par-
ticular, we will argue that, with sufficient commitment, 
at least some instruments for high-throughput methods 
could be ready for deployment on-board spacecraft in 
the next few years. Once developed and deployed, 

“omics” tools can be used for a wide variety of high-
value studies on biological systems ranging from mi-
croorganisms to humans for planetary protection and 
human health purposes. 
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