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Abstract 
Funding organiza@ons around the world are adop@ng open science policies, 
resul@ng in a pressing need for open science programs. In response to the 2011 
decadal survey, NASA sought to expand and accelerate omics research, releasing 
its GeneLab Strategic Plan in 2014.  GeneLab is an open science data repository 
and analysis portal for spaceflight and space-relevant omics data. GeneLab’s 
output has been outstanding, but its full poten@al as a way to transform space 
biology has not yet been achieved. NASA should pursue the development of 
GeneLab as an open science plaeorm in earnest. 

Introduc3on  
During the era of comple@on of the Interna@onal Space Sta@on (ISS) and the re@rement of the 
ShuQle program, NASA effec@vely decimated its basic programs for the support of life and 
physical sciences. The effects of these cuts on research programs and communi@es were dras@c, 
delaying, if not sacrificing the capacity to develop NASA-mission-cri@cal science for future 
human explora@on. As a result, the previous 2011 decadal survey [1] highlighted the 
importance of re-establishing these basic programs. Further, it called for the expanded use of 
omics in space biology due to its poten@al for advancing both the quality and throughput of 
basic research. In response, NASA sought to rebuild the science community in a way that would 
expand and accelerate research and development beyond its tradi@onal base, in par@cular with 
respect to omics research. NASA released its GeneLab Open Science Strategic Plan in 2014 [2] 
and since then there have been substan@al investments in the establishment of GeneLab, an 
open science data repository and analysis portal for spaceflight and space-relevant omics data. 
While GeneLab’s output in terms of both quality and quan@ty has been outstanding, its full 
poten@al as a plaeorm to transform space biology has not yet been achieved. Adequate 
investment in the development of GeneLab as an open science plaeorm should be pursued by 
the agency in earnest. 

Open Science  
‘Open science’ is a broad term encompassing a diverse set of prac@ces aimed at facilita@ng the 
making available of scien@fic research both to other members of the scien@fic community and 
the public. In this vein, the Na#onal Academies of Sciences, Engineering, and Medicine, for 
example, speak of open science as “aim[ing] to ensure the free availability and usability of 
scholarly publica@ons, the data that result from scholarly research, and the methodologies, 
including code or algorithms that were used to generate those data” [3]. More generally, the 
open science movement covers many areas, ranging from open access of research outputs and 
open data to open peer review, ci@zen science, and the genera@on of a variety of open 
infrastructures and tools. It has been recognized that open science has the poten@al to 
transform science: broader access to scien@fic research outputs is becoming more widespread 
and both public and private funding organiza@ons around the world are adop@ng open science 
policies. A number of European projects are geared toward facilita@ng the implementa@on of 
open science principles, such as the Amsterdam Call for Ac#on on Open Science, the Berlin 
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Declara#on, and the Budapest Open Access Ini#a#ve. As recently as 2018 the European Open 
Science Cloud was formed as an interna@onal ini@a@ve to provide open science infrastructure, 
and just this year Plan S took effect: an ini@a@ve for open access publishing supported by 
cOAli#onS, an interna@onal consor@um of research and funding agencies from a number of 
European countries.  

Intergovernmental organiza@ons around the world have also recognized the social and 
economic benefits of open science and jumped on the open science bandwagon, including the 
European Commission, the European Parliament, the European Council, the Organiza@on for 
Economic Coopera@on and Development (OECD), and even the World Bank. UNESCO’s new 
Recommenda#on on Open Science for 2021 is set to be adopted by the General Conference at 
its 41st session in November 2021, aoer having been tasked in the previous session by 193 
member states “with the development of an interna@onal standard-sepng instrument on Open 
Science” [4]. In the US, the White House Office of Science and Technology Policy has been 
pursuing similar goals: on 22 February 2013, it mandated federal science agencies to increase 
access to unclassified research obtained through federal funding (including data and metadata) 
[5] and as recently as 2020, it convened a series of mee@ngs on open science and public access. 
Also in the US, the Na@onal Academies of Sciences, Engineering, and Medicine’s, “Roundtable 
on Aligning Incen@ves for Open Science is convening cri@cal stakeholders to discuss the 
effec@veness of current incen@ves for adop@ng open science prac@ces, current barriers of all 
types, and ways to move forward to op@mally align reward structures and ins@tu@onal 
values” [6]. 

Within the scien@fic research community open data has already proven to be highly 
significant in the Space Telescope Ins@tute, as well as in the earth sciences. In the life sciences 
the shio toward open data has been most no@ceable with the advent of readily available 
genomics databases. Aoer the sequencing of the first human genome became complete in 
2003, several na@onal and interna@onal collabora@ons were established to analyze, annotate, 
and archive bioinforma@c data. Examples of these database projects include the HapMap 
Project, the Allen Brain Atlas, The Cancer Genome Atlas, and 1000 Genomes. U.S. government 
agencies have also taken ac@ons to increase the availability of genomic data, par@cularly for 
bioinforma@c analysis. The Na@onal Center for Biotechnology Informa@on, in conjunc@on with 
the European Bioinforma@cs Ins@tute and the DNA Databank in Japan, established the Sequence 
Read Archive for whole genome sequencing data [7]. Collec@vely, these systems have resulted in 
the publica@on of thousands of peer-reviewed ar@cles within the past twenty years, and have 
ooen driven collabora@ons between mul@ple principal inves@gators [8, 9].  Most recently, we 
have seen the power of open (omics) data as a driving factor behind the rapidity of progress 
with respect to COVID-19 research.  The broad and open availability of this data has also made 
highly collabora@ve papers the norm in this area, with many prominent papers having 50+ 
authors (see, for example, [10]).  It is thus clear that open science has gained momentum and 
that there is a pressing need for open science programs and policies at na@onal, interna@onal, 
and ins@tu@onal levels.  
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GeneLab: Open Science for Life on Earth  
The GeneLab system func@ons par@ally as an open data repository for NASA inves@ga@ons, but 
it is actually built around an instrumenta@on and sooware plaeorm that analyzes and integrates 
omics at the level of systems biology. Collec@vely, omics are a group of technologies that all 
deliver high content data profiles of dis@nct classes of biological molecules. Genomics (and, in 
fact, the genome era) started with the human genome project and the expansion and 
improvement of basic DNA sequencing technology. DNA is the template for gene expression in 
the form of mRNA transla@on, and transcriptomics allows for measurement and cataloging of all 
gene expression within the system based on nucleo@de biotechnology. Proteomics captures 
informa@on about protein profiles, while metabolomics measures small molecules and 
biochemical pathways, with both being based mostly on the deriva@za@on of mass 
spectrometry. Together these high-content technologies allow for the study of the flow of 
biological informa@on into ac@vity at a systems level. The resul@ng systems-level data sets are 
massive and can be used to drive open science in a unique way in biology. Given its investment 
in the GeneLab plaeorm, NASA should provide the support needed to fully engage and 
incen@vize the expanding community of scien@sts joining the space biology community.  

Limita3ons to Research can be Overcome  
Research output and laboratory opera@on in space face unique challenges. One of these is that 
the ISS-laboratory has a limited life@me in orbit. This is par@ally a poli@cal issue, but also one of 
hardware, since the es@mated structural and opera@onal life@me of the ISS is prac@cally limited. 
As a result, total ISS research output is a func@on both of its life@me and its throughput. 
Throughput in turn is a func@on of the number of inves@ga@ons conducted on the ISS, and of 
the significance of the scien@fic outcomes resul@ng from these inves@ga@ons. Therefore, NASA 
should fly as many high-quality scien@fic inves@ga@ons as possible between now and the end of 
ISS opera@ons in orbit. The number of such inves@ga@ons is limited by several boQlenecks, 
including crew @me, spaceflight up-mass, scien@fic hardware, payloads processing, and the 
supplies sent up to the ISS. Ever since the shuQle was re@red this has been severely limi@ng, and 
with commercial space providers coming to the level for full u@liza@on only recently, recovery 
has been slow. With respect to scien@fic sample return, down-mass is also an issue, since 
stowage on the Soyuz crew vehicle is severely limited. Jaxa’s HTV, the European Space Agency’s 
Ariane, and the Russian Progress vehicles only deliver cargo and are burned up on re-entry. Of 
the US commercial providers, the only current return capability is via SpaceX’s Dragon. 

Omics Enables Open Space Biology  
Advances in compu@ng and informa@on technology have changed the way we learn, explore, 
socialize, and do business. In the life sciences, the dawn of the genomics and bioinforma@cs era 
promised advances in biology, agriculture, the environment, and medicine. The flow of 
informa@on from genome into phenome involves gene transcrip@on, protein transla@on, and 
protein-mediated metabolism. By exploring mul@dimensional data across different omics 
domains (genomics, epigenomics, transcriptomics, proteomics, metabolomics, lipidomics, 
miRNomics), the emergence of omics technologies now offers the poten@al to adopt a “system 
of systems” approach in biology. High content gene-expression and fast and inexpensive DNA 
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sequencing techniques are in common use by now and the data sets produced by these new 
technologies will become even more valuable as the tools to analyze them con@nue to advance. 
Importantly, these large data sets can be leveraged to create more opportuni@es for research if 
we adopt a reference-experiment approach for genera@ng open science data. Contras@ng this 
new approach with exis@ng models of single-PI flight experiments and single-hypothesis science 
management only serves to highlight the many inadequacies and limita@ons of these tradi@onal 
models, especially in the unique research environment for space biology. 

The GeneLab Open Science Strategic Plan described such an approach: community-designed 
reference experiments are used to generate big-data based on integrated omics (open 
research), which will then be deposited into open data and informa@cs systems (open data) in 
order to engage and support a large and diverse research community of PIs (open compe@@on). 
PI funding for these transla@onal programs will come from NASA grant opportuni@es. Through 
targeted transla@onal NASA ground research announcements, the community is encouraged to 
use the data generated by these reference experiments to develop hundreds, if not thousands, 
of individual, hypothesis-driven inves@ga@ons on the ground from just a single flight 
opportunity. Because the data is open to all, we expect that compe@@on will encourage rapid 
innova@on by both NASA and non-NASA community users and stakeholders. In par@cular, this 
will increase both the diversity and numbers of young inves@gators entering the field.  

Summary and Recommenda3ons  
The 2014 GeneLab Open Science Strategic Plan established the goal of enabling an integrated 
omics plaeorm for systems level biological data and described a new open research approach 
for implemen@ng community reference experiments. This plaeorm has been highly successful 
and established NASA as a leading agency in promo@ng open science. In the next decade, open 
science is set to emerge both globally and na@onally as a priority for federal funding programs. 
With GeneLab, NASA and SMD are well posi@oned to emerge as a leading innovator at the 
federal level with respect to science policy. Through fully engaging with – and execu@ng – the 
open science model, they have the opportunity to set an example for other agencies and their 
aQempts to implement open science policies for science program management. The specific 
recommenda@ons to achieve this include:  

1. REFERENCE EXPERIMENTS. Establish a plan to conduct open science reference 
experiment campaigns for all major biological systems. These plans should follow the 
descrip@on for the execu@on of full open science reference experiments described in the 
GeneLab strategic plan.  

2. INCENTIVIZATION AND SUPPORT. NASA should include a funding opportunity for ground 
based transla@onal research: no less than $10M should be set-aside for forty awards. 
These transla@onal awards would seek to iden@fy new lines of research to further 
develop new knowledge derived from the spaceflight experiment. 
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