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Web-based submission portal to support self-
service metadata curation and data submission 
within FAIR Guidelines. Workspace providing users 
file storage in S3 and sharing features.

Over 370 public studies from various 
model organisms from microbes to 
plants to humans covering the full range 
of omics technologies. Interactive 
visualization portal to enable 
knowledge discovery.

Toolshed of bioinformatics tools with 
user-friendly interface for data analysis 
at any level (students, citizen scientists, 
PIs).

Over 250 AWG members from around 
the world, analyzing open science data. 
Successful training programs developed 
for high school and university students.

GeneLab has enabled 40 new 
publications re-using data and 
performing meta-analysis.

Open access data enables discovery 
of new hypotheses and new ideas for 
grant proposal. Data from those new 
research experiments are generated 
and deposited back into GeneLab.
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Re-use of Data and Enabling New Discoveries

Cell: The biology of spaceflight package

40 enabled publications (10 publications produced by the AWGs) using data available in GeneLab. 

A coordinated package of 29 scientific papers published in five Cell Press journals  featuring 9 papers utilizing data or 
resources in GeneLab. High impact research highlights:
 Comparative Transcriptomics Identifies Neuronal and Metabolic Adaptations to Hyper gravity and Microgravity in Caenorhabditis

elegans, iScience
 Comprehensive Multi-omics Analysis Reveals Mitochondrial Stress as a Central Biological Hub for Spaceflight Impact, Cell
 NASA GeneLab RNA-seq consensus pipeline: standardized processing of short-read RNA-seq data, iScience



Integrating data beyond omics
In 2021, the Ames Life Sciences Data Archive (ALSDA) transitioned to use 
the GeneLab Data Systems. The goal of this integration was to develop a 
multi-project submission portal to reduce the burden on PIs submitting 
data and enabling discovery of both omics and phenotypic data.
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• Phenotypic-Physiological-
Behavioral-Imaging-Level Data

• Mission Telemetry data from 
spacecraft and hardware 
associated to experimental 
studies

• Federated with GeneLab 
(Molecular Omics-Level Data)
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(Images from Ronca et al., 2019 https://doi.org/10.1038/s41598-019-40789-y; Cells, 
Bone, RR Habitat NASA-ARC)



Scalability of Data
GeneLab was developed to be scalable – both for data storage and new data 
types. 
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Storage:
• Utilizing cloud for data systems development and data storage
• Cloud provides instant increase in storage
• Allows any data file type 

Data:
• Configurable data model to capture any type of experimental data

• Investigation/Study/Assay (ISA) tab-delimited (TAB) format 
• Link multiple assays by sample name
• Not limited to -omics assays
• Configure metadata templates to include required fields

• Qualitative or quantitative measurements (data)
• Space-relevant fields (for example, radiation dosimetry data per 

sample)
• Meets the minimum required information for assays (MIAME, 

MIxS, MIAPE)
• Machine-readable format – JSON



Omics – new technologies and data types in 
constant development
In the recent years, new omics technologies have matured such as single cell 
and spatial omics. Metadata standards were already available and GeneLab 
was easily able to curate the metadata and organize the files.
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As new technologies emerge, the GeneLab curation team can create new 
assay configuration to capture the minimum requirement metadata for each 
technology. Data standards are provided through standards consortiums 
and/or scientific community consensus.



Community standards

Standards Consortiums

8

For omics, many standards for the minimum 
information about a specific assay experiment 
exist. For example:
• MIAME - Minimum Information About a 

Microarray Experiment
• MIAPE – Minimum Information About a 

Proteomics Experiment
• MIxS – Minimum Information about any (X) 

Sequence
• MIGS for genomes
• MIMS for metagenomes
• MIMARKS for marker genes

• ENCODE RNAseq experiments

GeneLab uses these standards to ensure 
data is well curated and complies to the FAIR 
principles (Findable, Accessible, 
Interoperable, and Reusable)

ALSDA AWG has contributed their expertise to 
establish a consensus on standards for 
phenotypic experiments including assay, 
sample, and study design metadata which must 
be collected from PIs to ensure data 
reusability.

Scientific Community Consensus
With the support from our Analysis Working 
Groups (AWGs), we have developed metadata 
standards:
• Spaceflight metadata fields by organism type
• Radiation specific metadata fields, including 

co-developing the Radiation Biology 
Ontology


