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GeneLab Data System provides users a full-text search capability of 
its metadata. Full-text search terms can be a single word or multiple 
words with either Boolean, wildcards and/or string literals. Search 
results can be sorted by relevance, release date, source and title with 
either ascending or descending order. Filters can be applied to assist 
further in narrowing results by Project Type, Factors, Organisms, 
and Assay Types. The filter values for each category are 
dynamically pre-populated with metadata from the GeneLab-hosted 
data sets (Figure 3A). 
 
Uniquely, GeneLab has federated with external databases rendering 
access to study level information, so users can search across 
multiple different platforms and omics using single search (Figure 
3B). GeneLab is currently federated with: 
 

�x The National Institutes of Health (NIH) Gene Expression 
Omnibus (GEO) 

�x The European Bioinformatics Institute (EBI) Proteomics 
Identification (PRIDE) 

�x The Argonne National Laboratory (ANL) Metagenomics 
Rapid Annotations using Subsystems Technology (MG-
RAST) 

 
The GLDS does not duplicate the copies of the data sets found in 
the external databases; but instead routinely indexes the federated 
metadata attributes from the external data sets to keep the search 
content up-to-date.  
 

 
 
Figure 3. Search Options in GeneLab Database. (A) When 
searching only in the GeneLab repository, users can use the drop-
down filters to search for datasets. Users can select multiple terms 
to narrow down their search. (B) To search across multiple 
databases, users select the desired databases under the search bar 
and type in their search terms. The example shown above searches 
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databases and renders 14951 datasets. 

 
2.2.3 Workspace 
 
Leveraging from the GenomeSpace platform (Qu, et al., 2016), 
GeneLab has customized a collaborative workspace for file sharing 
and access to data analysis tools. Within this framework, users can 

share data files and analysis results with other users and/or groups 
with access controls, have access to the data in the GeneLab public 
repository, and data analysis tools. To access the workspace, first-
time users will need to register an account. 
 
Key capabilities: 
 

�x Share data and results with collaborators 
�x Import other publicly available data sources using convenient 

�³�,�P�S�R�U�W���I�U�R�P���8�5�/�´���I�H�D�W�X�U�H 
�x Drag & drop files and documents from your desktop computer 

to workspace folders 
�x User and Group defined security access controls with Private, 

Shared, and Public folders and read, write, and delete 
file/folder operations 

�x View and navigate between GeneLab data listing and 
workspace environment 

�x Defaults to 30 GB quota of storage space per user. Additional 
storage space can be requested from the GeneLab team. 

 
 
2.2.4 Submission  
 
Process followed by data submitter: 

 Instructions for data submission can be found at https://genelab-
data.ndc.nasa.gov/genelab/submissions. For detailed information on 
data and file formats, please refer to the table listed at: 
https://genelab.nasa.gov/help/faq/#5.  

In brief, a submitter can create a GeneLab Workspace user account 
to transfer their metadata and data files. Then submitters use the 
ISAcreator tool, with the bundled GeneLab configuration file (see 
Step 3 - https://genelab-data.ndc.nasa.gov/genelab/submissions). 
This configuration file was created by GeneLab to denote all 
required metadata fields for spaceflight investigations, and is 
maintained by GeneLab with input from expert space biologists. The 
precise steps to follow for populating the required fields are found 
in the Submission Guide (https://genelab-
data.ndc.nasa.gov/genelab/help/GeneLab_Submission_Guide_2.0.
pdf) 
 
Metadata should be populated using the ISAcreator tool and all 
applicable fields should be completed. The ISAcreator tool and 
tutorial, found in the link listed above will guide new submitters 
towards creating study description and experimental information for 
submission. Metadata, in ISA-tab format and raw data files, are 
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with the GeneLab Curation team for review. The GeneLab user 
manual contains more information on acceptable assay-specific 
metadata and compressed file formats to upload. Currently, we 
accept and publish open source file formats. Submitters are 
encouraged to convert raw and processed data files to common 
exchange formats whenever possible. 
 
GeneLab follows the standard guidelines for submission and 
publication of datasets, such as MIAME (for microarray), ENCODE 
Consortium Guidelines (for RNA seq) and MIAPE Guidelines (for 
proteomics). File organization with metadata, raw and processed 
data files into directories, is critical to submission along with a 
desired release data. The terms and conditions for the GLDS 
repository can be found under: https://genelab-
data.ndc.nasa.gov/genelab/terms/. The information uploaded on 
GeneLab database:  
 

�x Should include mention of product or service strictly in 
context of research 

�x Should not include classified, sensitive, proprietary or 
inappropriate information 

�x Should comply with export control regulations 

https://genelab-data.ndc.nasa.gov/genelab/environmental/radiation
https://genelab-data.ndc.nasa.gov/genelab/environmental/radiation
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After submission, principal investigators are provided with a unique 
GeneLab accession number. Additionally, GeneLab will begin 
issuing Digital Object Identifiers (DOI) for each dataset that will be 
provided to submitters and displayed to database users. 

 
GeneLab curation process: 
 
GeneLab meticulously curates (validates and maintains) each 
submitted spaceflight omics dataset. The process leverages the ISA-
framework and adds specific fields for describing metadata for 
space-related omics experiments. GeneLab has also configured 
ISAcreator to include additional fields based on organism and assay 
type, which were suggested by the space biology community 
including omics experts who are a part of our Analysis Working 
Groups (AWG). 
 
GeneLab curators review each dataset for completeness and 
accuracy of all field values. Curators also review the content of all 
associated publications for accuracy of experimental design 
descriptions, including materials and methods, sample information, 
assay information. When discrepancies between submitted and 
published metadata are discovered, we contact the Principal 
Investigator (PI) or submitters to verify. For each the above steps, 
curators seek guidance from the intramural GeneLab Science team 
composed of experts in space biology and bioinformatics.  
 
All metadata are sent to the PI or data submitter for review. Once 
they confirm they are correct, a senior curator verifies and validates 
each dataset, and then releases the dataset for publication. Finally, 
each published data set goes through an internal scientific review by 
a panel of scientists, with expertise in spaceflight, omics, radiation, 
microgravity, etc. Consistency between expert reviews is 
maintained by discussion between the experts in assessing the 
scientific completeness of each dataset. The curation team provides 
this expert scientific feedback to the PI or data submitter, and, 
working with them, may further update the data set based on this 
feedback. 

2.2.5 Contact  
 
We have included detailed user guides on navigating the repository, 
data submission and general information about data types, 
technologies and other submission-specific queries. In case there are 
other questions regarding outreach, general FAQs, the GeneLab 
team can be reached via email distribution list at: genelab-
outreach@lists.nasa.gov. For any publication that utilized data from 
GeneLab repository, we strongly encourage researchers to kindly 
acknowledge NASA GeneLab by citing this manuscript and by 

sending us reprints of manuscripts or oral presentations to help us 
assess our role in furthering the space biology research community.  

3 Algorithm and Implementation  
 
The GLDS is built using predominantly open source software 
components and tools. The web user interfaces are built using 
JavaScript frameworks, such as jQuery and AngularJS, runs on the 
Apache Tomcat Java-based application server, and search function 
is developed using ElasticSearch full -text search engine (Figure 4). 
The ISA-Tab formatted metadata is parsed into a standardized 
JavaScript Object Notation (JSON) format and stored in an object-
oriented, NoSQL database built on MongoDB. GeneLab utilizes the 
NoSQL database due to its flexibility and scalability. To keep up 
with its growing data volume, the GLDS uses the Amazon Web 
Services (AWS) cloud infrastructure to host all of its data files and 
for any computing needs. The advantages of using AWS include 
scalability, flexibility i n adding ad-hoc computing resources for 
performance, minimizing infrastructure hosting redundancy and 
complexity (https://aws.amazon.com/). 
 
GeneLab provides a RESTful Application Programming Interface 
(API) to its full-text search engine 
(https://api.nasa.gov/api.html#genelab), which provides the same 
functionality available through the GLDS search interface. The API 
provides a choice of standardized web output formats, such as 
JavaScript Object Notation (JSON) or Hyper Text Markup 
Language (HTML), for the search results.  
 

 
 

Figure 4. GLDS System Architectural Components (Customized 
GeneLab-GenomeSpace Platform). Graphical representation of 
technical coordination between external databases and web browser 
to the GeneLab-GenomeSpace platform utilizing the MongoDB 
server and NASA AWS storage. 

4 Discussion 

Since its launch in 2015 for initial Phase 1, GLDS has been 
providing users with an efficient data retrieval system equipped with 
federated and customizable full-text search capabilities, intuitive 
navigation, user interfaces using multiple tabs and organized 
detailed metadata, collaborative workspace and links to analysis 
tools for targeted space biology data analysis and collaborative 
result sharing. Although GeneLab is sponsored by NASA, both 
international and non-NASA funded investigations have been an 
integral part of the repository.  

Flight samples archived at NASA Ames LSDA or obtained from the 
NASA Biospecimen Sharing Program (https://lsda.jsc.nasa.gov/
Biospecimen) can also be processed by the GeneLab Sample 
Processing Laboratory (SPL). These samples are typically frozen 
archived spaceflight samples left-out from previous experiments 
and complementing already published set by principal investigators, 
or they are tissue of the same type and species reserved by GeneLab 
for data consistency and long-term longitudinal assessment. These 
samples are processed by wet-lab scientists in the SPL for extraction 
of DNA, RNA, and protein. The SPL team performs in-house 
sequencing (e.g. epigenomics, transcriptomics, metagenomics) or 
sends out extracts to core centers for the generation of other types of 
omics (e.g., metabolomics, proteomics). The SPL therefore plays a 
critical role in reducing noise and batch effects in the database by 
generating more consistent data as they apply a systematic standard 
operating procedure. By keeping up with state of the art technology, 
the SPL can also maintain and develop standardized processes, and 
recommend these processes for the entire Space Biology 
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