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Introduction:  Successful human deep space 

missions require a clear understanding of space related 

conditions impacting biology outside of the protection 

of the Earth’s magnetic field. This is true for virtually 

every biological aspect of human deep space 

exploration, from the direct effects on astronaut health 

through to the effects on the biology needed for 

extended life support. This requirement is widely 

accepted and early biology experiments in the Apollo 

era were designed to collect data on a variety of 

biology species during trips to the moon and back. But 

those experiments were few, there are no samples 

remaining from those experiments and no such deep 

space biology has been done since then nor after the 

advent of the genomics era. 

There is virtually no information on the impact of 

the deep space environment on terrestrial biology, and 

tests evaluated with modern tools of molecular 

analyses are non-existent.  The cis-lunar space 

envisioned for the Gateway transitions and habitats can 

provide a research platform to fill this gap in 

knowledge that is crucial to further exploration, such 

as an extended mission to Mars.   

Plants are ideal candidates for the first stage 

evaluation of the effects deep space has on terrestrial 

biology for several reasons. First, plants are model 

higher organisms, as well as being an integral part of 

the exploration equation. They have been widely used 

to test eukaryotic responses to the spaceflight 

environment, and abundant data exist for LEO 

responses [e.g. 1, 2, 3]. Second, plants are key 

components of bioregenerative life support systems 

[e.g. 4, 5], and so it is crucial that the data for deep 

space responses become as well understood as those 

accumulated for LEO microgravity environments. It is 

also worth noting that in addition to bioregenerative 

life support, plants are also important to the mitigation 

of potential psychosocial and neurocognitive 

decrements associated with long-duration space 

missions [6]. Third, although plants can be evaluated 

in many developmental stages, they can also spend 

extended time in a dormant state as seeds. As seeds, 

plants can be deployed for a variety of experimental 

scenarios that require extended transit times before 

activation, no other higher eukaryote has such a 

capacity.  

An approach utilizing Gateway resources:  The 

importance of the role of plants in human exploration 

life support and life enhancement is undisputed.  There 

is no question that that’s will be a part of the 

exploration scheme in cis-lunar space and on to Mars. 

And yet we know almost nothing about how plants will 

fare in those environments. Integrating a variety of 

plant support hardware systems in the Gateway facility 

can fill that crucial gap in knowledge.  

It is not yet clear what type of plant support 

habitats could be integrated into Gateway, but there are 

a large variety of spaceflight growth systems that have 

been vetted on the ISS that could be adapted, 

depending on the focus and objective. Morphological 

data and biomass data can be produced by a variety of 

“salad-machine” type facilities such as Veggie and 

Lada, and an involved crew and sample return option 

could also provide profiles of the molecular responses 

to the cis-lunar environment. However, if crew time is 

limited, and sample return not an option, there is still 

an approach that could provide robust data on the 

molecular responses of plants to this environment.    

Passive imaging hardware akin to the decommissioned 

Advanced Biological Research System (ABRS) and its 

successor the Multi-spectrum Imager, could provide 

passive (limited crew involvement) imaging data of 

plant growth and development, as well as tissue-

specific gene expression by means of fluorescent gene 

reporters [e.g. 3,7]. Plants could be engineered with a 

suite of genes of interest that represent both known and 

suspected dangerous stressors, such as an enhanced 

exposure to cosmic radiation, and then responses 

passively observed with telemetric data collection.  
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