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Motivation

* Primary Goal: Help investigators

— corroborate findings from “omics” (genomics, transcriptomics, proteomics,
and metabolomics) assays

— translate them into systems biology knowledge (and eventually therapeutics,
including countermeasures to support life in space)

 Increased Biological Sample and Data Sharing
— Extremely high costs of experimentation in space
— More data from fewer samples

« Synergy of Scientific Investigation

— Help ground-based investigations analyze and correlate findings with
spaceflight-relevant investigations
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Omics Acquisition in Space is
Now a Reality

,-53:.. exciting time for cellular and molecular biology, omics
ed e esearch on ISS with these amazing additions to the

Oxford Nanopore MinlION

Sample Preparation'
Gene Sequencer

Module

- Reaction tube

emical assay
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Cepheid Smart Cycler W oprietary) Mini-PCR

gRT-PCR
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GenelLab Overview video
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GeneLab Data
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The real cost of OMICS

5 — O Sample collection and @ Sequencing Data reduction Downstream

A Experimental experimental design B Data management analyses
collection design

- 100% _

l'-_l\_ﬂipped rea\_d}._-]
_(BAM, CRAM. MRF)_

imanagement

[
High-level summaries
{VCF, Peaks, RPKM)

Downstream analyses

(differential expression, 0% —
novel TARs, regulatory Pre-NGS - i

Ll (Approximately 2000) (Approximately 2010)  (Approximately 2020)

Sboner et al. Genome Biology 2011 12:125 do0i:10.1186/gb-2011-12-8-125
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Guiding principles to look at

GenelLab data

Human (future GL
database?)

Nov. 6, 2018

Increasing Human Relevance

ANIMAL AWG

MICROBE AWG
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ldentify Shared Processes/ Molecular

Signatures

* Hypoxic Response ?

» Oxidative Stress

« Common Tissue (e.g. muscle, liver, heart,
eyes, brain,...)

PLANT AWG
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Overview: Database content

STUDY TYPE ORGANISM
Fish
3%
Invertebrates
7%
Rodents
Plants 34%
10%
Ground
50%
Parabolic Microbes
1% 18%
. m
ASSAY TYPE  Deletonpool WA TRANSCRIPTION PROFILING
1% profiling
8% Genome
sequencing RNA-seq
4% 26%
Metabolite
profiling
2%
i RNA
Transc'rl'ptlon methylation
prgggng profiling
° 2% Microarray
74%
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Phased Implementation

Oct 1, 2019
Visualization Portal
Oct1,2018 GLDS4.0 Release

GLDS 3.0 + ASGSR
October 2019

April 234, 2018 Onward
Oct 1, 2015 AWG workshop GenelLab Data
GLDS 1.0 Release  Qct 1, 2017 Generation,
GLDS 2.0 Release S Juncizges Maintenance and
° ‘ umme‘lnterns processing o

Phase 1 Phase 2 Phase 3 Phase 4
Searchable Data> Data Exchange Tool Integration Maintenance
FY2014 —2015 FY2016-2017 FY2018- 2019 FY2020 — 2021

- A

Data System Data System :
" . Open Source Viaintenance
v' Public Website Data System * Integrated Platform across model Open source Maintenance

v’ Searchable Data v Link to Public T . User commur\(;ty b?comes
Repository Databases vn-?\ « Build Community via AWG fg;ﬁjxgﬁ\éh eer of new
v’ Top Level Data Federation * Provide access to biocomputational tools TR
Requirements v’ Integrated Search for omics analysis o Millr;tam integrity of data,
¥ New Data and (e.g., data * Provide collaboration framework and Clilel SR )
Legacy Data mashup) —
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NASA GeneLab'_'Data Systéms

(GLDS)

 Single platform for Omics data
archiving, sharing, and
analysis
— Diversity of users: citizen
scientists, students, educators,

NASA-funded PIs, other
investigators

— Diversity of usage: data
browsing to data analysis, data
submission, data set curation

— Open access, with private data
option (for pre-publication)

Nov. 6, 2018
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GLDS Repository

Phase |

Root transcriptome remodeling of Arabidopsis in response to high levels of
magnesium sulfate

2 Datasets available:

4 ISA-TAB Metadata file
' Microarray Deta Files

Home Studies SubmitData Help Search: Q

Genelab Accession 6LDS-778
Number
Source Accession e
Number
Contacts Namea Role Organization Email
Anne Visscher submitter
Anne Visscher
H e1of1 Anna-Lisa Paul
All Studies pag
Robert Ferl
Matias Kirst
. Root transcriptome remodeling of Arabidops response to high levels of magnesium sulfate Gherles Guy
4 Organisms. Factors Assay Types Release Date Description Submission Date Jan-28-2010
Arabidopsis thaliana treatment time transcription profiling Sep-17-2010 Martian regalith {unconsolidated surface material) is a potential Public Release Date Sep-17-2010
medium for plant growth in bicregenerative lfe support systems during
genotype manned missions on Mars. However, hydrated magnesium sulfate Study Description Martian regolith (unconsolidated surface material) is a potential medium for plant growth in bioregenerative life support systems during
treatment mineral levels in the regolith of Mars can.. manned missions on Mars. However, hydrated magnesium sulfate minaral levels in the regolith of Mars can reach as high as 10 w%,
and would be expected 1o be highly inhibitory to plant growth. A global approach was used to idantify novel genes with potential to
enhanca tolerance 1o high MgS04 stress. The early Arabidopsis ool transcriptome respanse to elevated concentrations of
magnesium sulfate was characterized in col-0, and also between col-0 and the mutant line cax1-1 a mutant relatively tolerant of high
levals of MgS04-TH20 in sail solution. After 3 weeks of growth under hydroponic conditions, Arabidopsis thaliana col-0 rools ware
exunwd to a basic nutrient solution (0.25 gJL MES, 1/18x MS, pH 5.7) with an additional 2. I
. . . . . N N R _ magresium sulfate for 45 minutes. Arabidopsis thaliana caxi-1 roots were pxposed o the
Transcription profiling of activated human T cells induced by microgravity to identify apoptotic genes magresium sulfate for 180 min. only. Four replicate containers were harvestad for the control and each of the treatment sets, resulting
in a total of 20 samples. Gene expression of the col-0 sets axposed to magnesium sulfate treatmant for 45 min., 90 min., or 180 min.
A was compared 1o gene expression of the col-0 control set. Gene expression of the cax1-1 sel expesed lo magnesium sulfate
and other immune response genes treatment for 180 min. was compared to gene axprassion of the col-0 set expesed to magnesium sulfate treatment for 180 minutes.
Organisms Arabidopsis thaliana
QOrganisms Factors Assay Types Release Date Description
g ¥ Typ Pt Study Design Factor(s) | racior Ontology: Concapt
Homa sapiens simulated microgravity  transcription profiling Feb-03-2006 The purpose of this study was to search for microgravity-sensitive trastment time time
genes, specifically for apoptotic genes influenced by the micrograity
enviranment and other genes related to immuna response. genotype genatypa
Experiment Overall Design: Two-group design wi...
treatment
Assay(s) Assay Type Device Type Device Platform
. Spaceflight adaptation requires organ specific alterations in the proteomes of Arabidopsis
transcrption profiing DNA microarmay
4 Organisms Factors Assay Types Release Date Description Project Project identifier NA
Arabidopsis thaliana spacefight orotein expression Mar-24-2015 Life in spaceflight demonstrates remarkable adaptive processes within Project Link  http:/Asda jsc.nasa gavido ~_researchers_home.aspx
- the specalized environments of space vehicles which are subject to
e the myriad of attending and unigque environmental issues associated Project Typs  Ground Stucy
with orbital rajectories. To exami... Flight Program  NA
Experiment Platform  NA
‘Spaca Program  NA.
Managing NASA Center NA
Mission Name Start Date End Date Mission Link
NA NA NA jsc.
Publications Visschier AM, Paul AL, Krst M, Guy GL. Schuerger AC, Fer RJ, Grouth ca and roat
rs-like levels of magnesium sulfate., PubMad ID 20808807, DOI 20¢
Nov. 6, 2018 2018 AMIA Annual Symposium
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Multiple Tabs User Interfaces for Viewing Detailed GenelLab MetaData

GLDS Repositor'y

Phase Il

Source Accession Number
Total Data Volume: 1.7 TB

Submitted Date: 04-Aug-2017
Release Date: 28-Aug-2017

GLDS-137: Rodent Research-3-CASIS: Mouse liver transcriptomic, proteomic, and epigenomic data

DESCRIPTION

Study Description

Contacts

Study Design Factor(s)

Organisms

Assay(s)

PROTOCOLS SAMPLES

ASSAYS PUBLICATIONS

STUDY FILES

DESCRIPTION

The Rodent Research-3 (RR-3) mission was designeq
bone mass that occurs during spaceflight. Myostatin i
Mutations in myostatin, or drugs that block myostatin
pharmaceutical company Eli Lilly and Co. and the Ce
inhibition to prevent skeletal muscle atrophy and wea
flown to the 1SS and housed in the AEM-X habitat for
housed in identical hardware and matching 1SS envirg
of the experiment, spaceflight, ground controls and b4
carcasses were stored at -80 C until BSP (Biospecims
analysis from flight, ground and basal (pre-flight) mice]
processed exclusively by Eli-Lily.

NAME ROLE
Ruth Globus Project Scientist
MNASA GenelLab Sample Processing

Rosamund Smith Principal Investigator

Marty Cramer Co-Investigator

FACTOR 0
Microgravity v
Treatment tn

Mus musculus

ASSAY TYPE DEVICH
transcription profiling nucleoti
protein expression profiling mass sf
DNA methylation profiling nucleoti

Nov. 6, 2018

Source Accession Number
Total Data Volume: 1.7 TB

GLDS-137: Rodent Research-3-CASIS:

Mouse liver transcriptomic, proteomic, and epigenomic data

Submitted Date: 04-Aug-2017
Release Date: 28-Aug-2017

DESCRIPTION PROTOCOLS

FILE
SIZE

FILES

SAMPLES

wes

RESOURCE
CATEGORY

ASSAYS

RESOURCE :

PUBLICATIONS STUDY FILES

RESOURCE DESCRIPTION

GLDS-137_metadata_RR3-Liver.zip

9.43 KB

GLDS-137_transcriptomics_RR3-BSL-B1.targz

GLDS-137_transcriptomics_RR3-BSL-B2.targz

GLDS-137_transcriptomics_RR3-BSL-B3.targz

13.7 GB

transcriptomics_RR3-BSL-B4.targz

GLDS-137_transcriptomics_RR3-BSL-B6.tar.gz

GLDS-137_transcriptomics_RR3-BSL-B7.targz

126 GB

GLDE-137_transcriptomics

RR3-FLT-F1.tar.gz

GLDS-137_transcriptomics_RR3-FLT-F2.tar.gz
2N10 AMNILA A

13.86 GB

14.07 GB

12.54 GB

12.38 GB

11.69 GB

13.34 GB

metadata

transcriptomics

transcriptomics

transcriptomics

transcriptomics

transcriptomics

transcriptomics

franscriptomics

transcriptomics

Study Metadata Files

RNA-Seq Data

RNA-Seq Data

RNA-Seq Data

RNA-Seq Data

RNA-Seq Data

RNA-Seq Data

RNA-Seq Data

RNA-Seq Data

ISA-Tab format file. Tab delimited Investigation,
Study, and Assay level metadata. See I1SA-
tools.org for format details and software.

Raw data files in FASTQ format associated with
this study. Please view the associated |SA-TAB
metadata files for additional details.

Raw data files in FASTQ format associated with
this study. Please view the associated |SA-TAB
metadata files for additional details.

Raw data files in FASTQ format associated with
this study. Please view the associated ISA-TAB
metadata files for additional details.

Raw data files in FASTQ format associated with
this study. Please view the associated |SA-TAB
metadata files for additional details

Raw data files in FASTQ format associated with
this study. Please view the associated |SA-TAB
metadata files for additional details.

Raw data files in FASTQ format associated with
this study. Please view the associated ISA-TAB
metadata files for additional details.

Raw data files in FASTQ format associated with
this study. Please view the associated ISA-TAB
metadata files for additional details.

Raw data files in FASTQ format associated with
this study. Please view the associated |SA-TAB
data files for additional details

LGy pon
ZULO ANITA ATTTUar Syrimpu

o
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GLDS Workspaée

Phase I
| @ ‘ Genelab . ‘ Invite acollahorator. q  danielberrios &

Flle| Launch | \ﬂewl Manage | Help| Genelab Data Repository

m

C :
O , » - User files

GeneLab_|SACreator_v1.7.10

Public repository files

Upto: Home » danielberrios

Home [[]  Filename

danielberrios ¥

z Microbial Observatory Ve
w MO-Bacillus-1SA ¥ (] MO-Bacillus-134A Metagenomics
4 MO-Bacillus ¥ ~-hide

3 Shared to danielberrios ¥ O B SRP098151-15AZip
fag Public ¥
o enca * « Privately Shared files
n N
Files submitted for Public
4 GLDS-100 ¥ . .
2 GLDS 101 ¥ Sharing (Repository)
“ T
. Home = Shared to danielberics » chapeslab
Teme D Filenamse Tags Crwwner Size Last Modifiec
danielbemrios ¥
danielbenic [] E& Mormal Mouse Pool 2 - March 16.zip chapeslab 5.52 GB 2 days age
4 Shared to danielbemics ¥
gy chapeslab ¥
4 sgebre ¥
=8 Public ¥
Nov. 6, 2018 2018 AMIA Annual Symposium
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GLDS Public Data Processing

Platform (Phase Il

Tools

against referenca
genome

TopHat Gapped-read
mapper for RNA-seq data

Trim Galore! Quality and
adapter trimmer of reads

Trimmomatic flexible
read trimming tool for
Tllumina NGS data

MPileup multi-way pileup
of variants

Rehezder copy SAM/BAM
haader betwesn datasets

Slice BAM by genomic
regions

Stats generate statistics
for BAM dataset

Split BAM dataset on
readgroups

Sort order of storing
aligned sequences

BedCov calculate read
dapth for a set of
ganomic intervals

CalMD racalculate MD/NM
tags

ldxStats reports stats of
the BAM index file

affread Filters and/or
converts GFF3/GTF2
records

edgeR Perform
differential expression of
count data

DESeq2 Determines
differentizlly expressed
features from count
tables

featuraCounts Measure
gene expression in

Nov. 6, 2018
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m

Analyz= Data

This dataset is large =nd only the first megabyte is shown below.
Show all | Save

BJ00113:264: HEMNTEBXX:6:1101:1560:120% 1:N:0:KRACATCS
RCECCTCEITCAGCECT I TEECAATTEGCETCCAGCCAGTCOECCCARTTETATTGAGAGARTTGAGGEARGCTTIGCTCETTARAGCTTT
+

$RRFFFIJRIIIE FIAJIF I3

BJ00113:264: HEMNTEBKK:6:1101:1905:1209 1:N: 0:KAACATCG

WIGAGTTACTEoT TG T IO T TAT T CACC eI T oA T T T e T T T TACA AT ET AT TCACCATCATTTCCTACCOCT TEARCCARCCCTEARD
+

$22F JIATIETTTTILITITITIETES FIJITIE PITTIETITIEE
BJ00113: 264 HEMWTEEX®:8:1101:2208:1208 NAACATCG

NITCTIIGCTCT I IITGCCGAR R A TCGCAGARATGATTCCGATGATCGCTGCAATARATAAGCGEATTGETCAGTARATCT

+

£ARFRIIIIA FITIIIIETIIIT

BJ00113:264: HGMNTBEXK:6:1101:24251:1205 1:N:0:KAACATCG

AT CCATARGT T CEAAGATTTTAG I TCOCACT CAGCET CTCCTTCARGAGCTTTARGAGCAGARCCTTTARCARCTGETACATCATCA

+

$RAFF

BJ00113:264: HGMNTEERK:6:1101:24535:1208 1:N:0:KAACATCG

NTCATTTTTAARAGCECTTCTCT o e T CATECCeACTTTCATEOCARCATCT T e ACCETACCTGACGEATICTARAGETSCETCT

+

$RAFF i3

BI00113:264  HEMNTEERK:8:1101:24586:1208 1:N: 0:KAACATCE
CGCATTTGTGAARACAAAGARATTATGGOCGAGCATATTCATTTGCAAGATCGCTICTTCACTATCCATCGGCTITARATTAAAGCGTT

+

§RAFF

BJO0113:264: HGMNTBEXK:B:1101:25185:1208 1:N:0:KAACATCE

CAGAACETTTTECCETTTCAACAAT O T CTCTGCAGAT T GAT CAR GEATTCTATGAT CATATECT TTCARACEARTACGARTTTTTICT

+

$RAFF I

BJ00113:264: HGMNTEERK:6:1101:25246:1208 NAACATCE

RS CTTTT O T T CASTETAGAT OO A TT T T T TATAT T CT T TAATTOGT T AR TTACT TTCARATACARGTECCEATTATCARCT

+

$RRTEIIE

BJ00113: 264 : HEMNTEERK

EITITITICITIIT

-KARCATCS

+

$RAFR FJE 3 3 FIJIIE
BJ00113:264: HEMNTEEKK:B:1101:25875:1208 1:N:0:NAACATCS
HCATCECOTTCAACETCTGCAGATECTGTTTCTTCCEGCTCTTCATCACCTGAT AATGOCAGGCOETCACCTTGTTTCECATCTTCTTICS
+

FITITTRIFTTT<T

$RRFTIIITIIIC F E

2J00113:264: HEUKTEEKH:8:1101:25835:1208 1:N:0:KARCATCS

NCETEATCAGARARACATARATCGET CEAEAAT AR A AT AT AR CEEETTTCTATAR AETCTETATE A ASCTTTETICETCTGEATS
+

$RAFF 3
BJ00113:-264:-HEGMNTBBXX:-8:1101-26017:1205 1:N:0:NAACATCG

ROGGCARAATCARTTATTCGCCTTTATT T T TIITGATART T TCI T I GOEACGCICITCEECACTICT TCGTAGTIGATCOATGTECATAG
+

[y Contacts —
NASA

GenelLab

Using 1.7 GB
History %D
Q

Unnamed history
2.49 GB =3k Al
4: Trimmomaticon & & X

FLT-BS-

A2-RNA S64 1008 R1 001.fac
lg.gz

782.5 MB

format: fastgsanger.gz,
database: baciSubt

TrimmomaticSE: Started with
arguments:

-threads 1 -phred33
fastq_in.fastgsanger.gz
fastq_out.fastgsanger.gz
SLIDINGWINDOW :4:20
Input Reads: 13037657
Surviving: 19019674 (99.51%)
Dropped: 17983 (0.09%)
TrimmomaticSE: Completed
successfully

B e . - -

100013 <254 HERTERION: 51 1201 15801208 o000

KT T T CAB0GC T T T BGCAST TER0RTCC A AGTORGE

100013268 HEHITRRION: B: 130118051209 1:1:0:

4 T [

3: FLT-BS- & F R
A2-RNA 564 L0083 R1 001.fas

2018 AMIA Annual Symposium

Galaxy Server
Galaxy Toolshed
(subset)
+Specialized Tools
* (e.g., developed
by GenelLab
interns)
Cluster of 5 Dedicated
Compute Nodes
e @8 VvCPUs
s @64 GiB RAM
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GLDS-Galaxy Data Processing

Workflows & Data Libraries

x
Trim Galore! : i i =
£ F Bismark Mapper x # Bismark Deduplicate
Reads in FASTQ format . .
¢ Paired End Pairs 1 > Mate pair 1 Submit the resulting bam/sam file
kReadS in FASTQ format ) _ ] from Bismark bisulfite mapper

Paired End Pairs 1 > Mate pair 2

rimmed_reads_paired_collection output_bam (bam)
report_file (txt)

tiymmed_reads_unpaired_collection output_report (txt)

output_stdout (txt)
trimmed_reads_single
output (bam)
trimed_reads_pairl
output_suppressed_reads_| (fastq)
trimmad_reads_pair2
output_suppressed_reads_r (fastq)

output_unmapped_reads_| (fastq)

output_unmapped_reads_r (fastqg)
report_file\(txt)

4 Bismark Meth. Extractor x

SAM/BAM file from Bismark bisulfite
mapper

output_splitting_report (tabular)

output_mbias_report (txt)
& FastQC x
output_cytosine_report (txt)
Short read data from your current
A FastQC x history

compressed_output (gzipped)

Contaminant list

DO =Ea (=0

Submodule and Limit specifing file

html_file (html)

= g =T text_file (txt)

#~ Bismark Pretty Report x
Submit a Bismark mapping report

Submit the corresponding Bismark

deduplication report
u ( rra=—1W

Submit the corresponding Bismark
splitting report

I =3 "™ Submit the corresponding Bismark
M-bias report
= J,S (=2 - Submit the corresponding Bismark
nucleotide report
LT ; =vrard output_html_report_link {html)
HL Trirr

16




GLDS Live Demo

e https://genelab-data.ndc.nasa.gov/genelab/
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S. Ray

J. Miller

S. Lai

S. Reghnanandan
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J. Moh Hashim

A. Williamson

2018 Interns:
D. Mattox, N. Bense, C. Poling, L. Rutter, C. Erikson,

D. Heher
S. Caldwell
K. Staatz

T. Le

J. Lin

J. Galazka
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V. Boyko

Y. Chen
M. Dinh

A. Beheshti
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S. Li

S. Richards
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Genelab is funded through NASA's
Space Life and Physical Sciences
Research Applications Division & the
International Space Station Program.
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