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2011 NRC Decadal Survey

“…genomics, transcriptomics, 
proteomics, and metabolomics offer an 
immense opportunity to understand the 
effects of spaceflight on biological 
systems…”

“…Such techniques generate considerable 
amounts of data that can be mined and 
analyzed for information by multiple 
researchers…”



This is truly an exciting time for cellular and molecular biology, omics 
and biomedicine research on ISS with these amazing additions to the 
suite of ISS Laboratory capabilities.

Omics Acquisition in Space is Now a 
Reality
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GeneLab Data Democratization
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GeneLab Database: >190 data sets

Beheshti et al., Radiation Research 2018



Earth’s magnetic field protects us 
from cosmic radiation



69 Ground Data Sets: Radiation and 
simulated microgravity

Beheshti et al., 
Radiation Research 
2018



Radiation Dosimetry for STS samples 
(ISS to follow)

Beheshti et al., Radiation Research 2018



GLDS Phase 2 (Release 2.0)
Google-like Search, Federated Search

Data federation/integration with heterogeneous bioinformatics external databases 
(GEO, PRIDE, MG-RAST)

Federated Search

Search Filters for GeneLab



User Account Mgmt., Access Controls (e.g., Private, Shared, Public Folders)

GLDS Phase 2 (Release 2.0) 
Customized NASA Collaborative Workspace



Barriers to reproducible analysis of omics data:
1. Large files are difficult to move around and 

process
2. Workflows vary from user to user and details are 

sometimes poorly documented

Galaxy platform:
1. Open source, extensible platform for cloud based 

analysis of omics data
2. Allows any command line tool or script to be run 

and chained together into workflows
3. Workflows can published, shared and 

downloaded

GLD3.0 – Omics Analysis 
Toolshed

Afgan et al. The Galaxy platform for accessible, reproducible and collaborative biomedical 
analyses: 2016 update. Nucleic Acids Research (2016)

galaxyproject.org



Preview of GLDS 3.0



GeneLab Analysis Working Groups:
Letting the scientific community take the lead

• Monthly meetings + “Homework”
• Deliverables:

• Consensus pipelines for primary analysis of data (Microarray, RNASeq, Bisulfite sequencing,
Proteomics, 16S metagenomics, Whole genome metagenomics)

• Recommendations for visualization of data

Total AWG Members: 114

AWG Members Per Group:
Animal 47
Multi-Omics/System Biology 33
Plants 24
Microbes 21

*Some members are in multiple groups

Map created with https://www.zeemaps.com/

Annual Workshop (April 2018) 2018 Summer Internship: 
Generate all higher order data



Cage Effects with rodent 
experiments: Carbon Dioxide as 

an Environmental Stressor in 
Spaceflight

Beheshti A, Cekanaviciute E, Smith DJ, Costes SV. Global transcriptomic
analysis suggests carbon dioxide as an environmental stressor in spaceflight:
A systems biology GeneLab case study. Sci Rep. 2018;8(1):4191. doi:
10.1038/s41598-018-22613-1. PubMed PMID: 29520055; PMCID:
PMC5843582.



Carbon Dioxide as an Environmental 
Stressor in Spaceflight

Beheshti, et al., Scientific Reports, 2018



PCA Plots Suggest Strong Cage Effect
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Beheshti, et al., Scientific Reports, 2018

AEM = Animal Enclosure Modules (now referred to as Rodent Habitats)
Vivarium = normal ground based rodent cages



Differential Gene Expression: Cage 
or CO2 Effect?
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An increase in aldosterone is associated with metabolic syndrome, which is characterized 
by chronic inflammation; aldosterone secretion can be triggered by hypoxia.

Beheshti, et al., Scientific Reports, 2018



Systems Biology analysis 
reveals biological 
spaceflight master 

regulators

Beheshti, et al., PLOS One, 2018



GeneLab Data Used to Generate 
Results



Number of Significant Genes from 
Each Dataset

Fold-Change ≥ 
│1.2│

Pathway/Functional Predictions:
Ingenuity Pathway Analysis (IPA)
Gene Set Enrichment Analysis 
(GSEA)

Beheshti, et al., PLOS One, 2018



Predicted Master Regulators

• p53 found in all tissues
• p53 is a transcription factor and in 

response to genotoxic stress, DNA 
damage, oncogene activation, and 
hypoxia, it is recruited to sites in 
chromatin, thus promoting transcription 
of apoptosis related genes 

Beheshti, et al., 
PLOS One, 2018



Key Genes and the Connections

• TGFβ1 found to be central regulator of key genes
• TGFβ is known to play a context specific role in

sustaining tissue homeostasis predominantly via
transcriptional regulation of genes involved in
differentiation, cell motility, proliferation, cell survival
along with regulating immune responses during
homeostasis and infection.

• Previous Studies found reduction in gravitational force
to diminish TGF-β expression and apoptosis with higher
carcinoembryonic antigen expression in 3D human
colorectal carcinoma cells, as compared to 3D cultures
in unit gravity.

• In another study, differential regulation of blood vessel
growth using basic fibroblast growth factor was
identified in modeled microgravity with induction early
and late apoptosis, extracellular matrix proteins,
endothelin-1 and TGFb1 expression

Beheshti, et al., PLOS One, 2018



Predicted miRNAs Involved with 
Microgravity Effects

HRS = Health Risk Score

• A recent report showed that inactivation of p53 altered TGF-β signaling, which
ironically displayed both tumor-suppressive and pro-oncogenic functions. p53
functions to integrate crosstalk between Ras/MAPK and TGF-β signaling via
binding to Smad3, dislocating the Smad3/Smad4 complex formation and
differentially regulating subsets of TGF-β target genes

Beheshti, et al., PLOS One, 2018



Analysis Working Group (AWG) Member 
related work determines novel systemic 

biological factors causing damage due to 
spaceflight

Work in progress



AWG Members Involved
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Susana Zanello   Scott Smith        Sara Zwart Afshin Beheshti  Sylvain Costes
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AWG Members Involved



Specific Datasets and Tissues AWG 
Members Analyzed

In addition, human 
datasets are also 
included:

• GLDS-54, GLDS-
174, GLDS-86, 
GLDS-118, 
GLDS-53, GLDS-
54, GLDS-13. 
GLDS-52, or 
GLDS-114 (Tyson 
McDonald and 
Yared Kidane)



Engaging with GeneLab

Social media : 
@NASAAmes Facebook
Twitter #GeneLab
ResearchGate: https://www.researchgate.net/project/Omics-for-Space-Biology-The-GeneLab-project

https://genelab.nasa.gov
Participate in GeneLab 

Analysis Working Groups

THANK YOU


