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» Biological metadata are heterogeneous
and complex




Biological Metadata

» Biological metadata are heterogeneous
and complex

"absorbed radiation dose": [

"0 {centigray}",
"0.18 {gray}",

"0 19 (mm)gray}
2.45 {Centigray}",

“Not assessed”

1,
"altered gravity": [
"0.

004G by centrifugation”,
"0.09G",

"0.46 with partial weight bearing”,

"0G with hindlimb unloading",
"1/6G with centrifugation”,

G

1,
"genotype": [

"ADE2 mutant”,
"ARG1 KO",

“Col-0",

"FLO1 overexpression”,
"FLO8",

"GSK3floxed",

"GSK3mkD"

"HSFA2 KO",

"InsP S5-ptase Transgenic”,
“KCNQ370",

KCNQ97",
"Mlh1+/+"
"Mlh1+/-",

"hindlimb unloading": [
"Hindlimb Loaded",
"Hindlimb Unloaded",
"Hindlimb Unloaded and Reloaded",
"active recovery (AR)",

"unilateral lower limb suspension
1,
"tissue": [

“Cerebrun",
“Extensor digitorum longus",
e

"Gastrocnemius”

"Mandibular bone",
“Ovary",

“Parietal Bone",
"Quadriceps femoris",
"ROOT ZONE I (@.5mm)",
"ROOT ZONE IT (1.5mm)",
"Soleus",

"Spleen”,

"Temporal Bone",

(uLLs)"



Biological Metadata

» Biological metadata are heterogeneous
and complex

» Legacy datasets, metadata "as provided"

» Curation is a crucial part of the process

» Analysis Working Groups (AWGs) and
metadata standards

"absorbed radiation dose": [

1,
"genotype": [

"hindlimb unloading": [
"Hindlimb Loaded",
"Hindlimb Unloaded",
"Hindlimb Unloaded and Reloaded"
"active recovery (AR)",

"0 {centigray}",
"0.18 {gray}",
"0.19 {mlulgray}
"122.45 {Centigray}",

“Not assessed" “unilateral lower limb suspension (ULLS)"

altered gravity" "tissue": [
"0.004G by cenmfugauun | "Brain",
"0.09G", "Cerebrum",
"0.4G with partial weight bearing", "Extensor digitorum longus",
"0G with hindlimb unloading", "Eye"

"1/66 with centrifugation”,

"Gastrocnemius”

"

"ADE2 mutant”,
"ARGl Ko",

“Parietal Bone",
*Quadriceps femoris",
"ROOT ZONE I (@.5mm)",
"ROOT ZONE IT (1.5mm)",
"Soleus",

"Spleen”,

"Temporal Bone",

Col 0"
FLOl overexpress ion"

GSK}Fleed

"GSK3mkD"

"HSFA2 KO,

"InsP 5-ptase Transgenic",

“KCNQ370", 1,
KCNQ97",

"MLh1+/+",

"Mlh1+/-",

"Not Applicable”



Biological Metadata

> B|O|Oglca| metadata are heterogeneous absorbed radiation dose": [ "hindlimb unloading": [
and complex “o.15 Terent “Hindtinb bntosded:,

"0.19 {milligray}", "HindUinb Unloaded and Reloaded”

"122.45 {Centigray}", "active recovery (AR)",
" . N "Not assessed” “unilateral lower limb suspension (ULLS)"
] 1,
» | egacy datasets, metadata "as provided Sncesed graviy~: ¢ Visers 0
"0.004G by centrifugation”, "Brain",
"0.096", "Cerebrum",
. . ) ::G,AG with_partial weighg b?aring”, ::Extﬁr\sor digitorum longus",
» Curation is a crucial part of the process “2766 with centrifugarion-s A I——
“Tntestines”,
1, . "Kidney",
H H "genotype": "L ’
» Analysis Working Groups (AWGSs) and " mtane, “Handibiar bone”
'ARGl Ko" "Ovag'y",
metadata standards “Gorler “Quadricepe femoris",
"FLO1 overexpressmn", "ROOT ZONE I (@.5mm)",
"FLOS" "ROOT ZONE IT (1.5mm)",
"GSK3floxed", "Soleus",
» Metadata uniformity is necessary for ek Ko*, “Tenporat. soner,
. . "InsP 5-ptase Transgenic",
reliable APIs and for use in o, .
"MLh1+/+",
meta-analyses e

“Not Applicable”



ISA-Tab Metadata

A Samples A

Select Export Columns

Source Name Sample Name. Characteristics: Characteristics: Strain Characteristics: Factor Value: Factor Value: Characteristics: A
Organism Material Type Spaceflight Dissection Condition  Source
RR1_VIV_M18 Mmus_C57-6]_LVR_VIV_C_Rep3_M18 Mus musculus C578L/6) Liver Vivarium Control  Carcass Jackson Labora
RR1_VIV_M19 Mmus_C57-6]_LVR_VIV_C_Repd_M19 Mus musculus C578L/6) Liver Vivarium Control  Carcass Jackson Labora
RRL_VIV_M20 Mmus_C57-6)_LVR_VIV_C_Rep5_M20 Mus musculus C578L/6) Liver Vivarium Control  Carcass Jackson Labora
RRL_FLT_M21 Mmus_C57-6)_LVR_FLT I Repl_M21 Mus musculus C57BL/6) Liver Space Flight Upon euthanasia  Jackson Labora
RRL_FLT_M22 Mmus_C57-6)_LVR_FLT | Rep2_M22 Mus musculus C57BL/6) Liver Space Flight Upon euthanasia  Jackson Labora
RR1_FLT_M25 Mmus_C57-6J_LVR_FLT_C_Repl_M25 Mus musculus C57BL/6) Liver Space Flight Carcass Jackson Labora
RR1_FLT_M26 Mmus_C57-6J_LVR_FLT_C_Rep2_M26 Mus musculus C57BL/6) Liver Space Flight Carcass Jackson Labora
RR1_FLT_M27 Mmus_C57-6J_LVR_FLT_C_Rep3_M27 Mus musculus C57BL/6) Liver Space Flight Carcass Jackson Labora
RR1 FIT M28 Mmus C57-61 LVR FIT C Rend M28 Mus musculus C57BL/6I Liver Space Fliaht Carcass lackson Labora



Example: MESH Terms

purl.bioontology.org/ontology/MESH/D013026

» Preferred Name:
» Space Flight
» Definitions:
» Travel beyond the earth’'s atmosphere
» Synonyms:
» Spaceflight
» Space Travel
» Flight, Space
> .
» subClassOf:
> Aviation


http://purl.bioontology.org/ontology/MESH/D013026

Example: EFO Terms

www.ebi.ac.uk/efo/EFO_0000606

- experimental factor
* material entity (BFO)
- organism (OBI)
- Eukaryota (NCBITAXON)
- Mus (NCBITAXON)
* Mus musculus (NCBITAXON)
+ C57BL
- C57BL/6J

C57BL/6J is a mouse strain as described in Jackson Laboratory
http://phenome jax.org/db/q?rtn=strains/details&strainid=7

Synonym: C57BL6J


http://www.ebi.ac.uk/efo/EFO_0000606

BN 000 T OSSR
Example: FMA Terms

purl.org/sig/ont/fma/fma58301

» preferred name
» Retina
» definition
» Layer of wall of eyeball which is continuous with optic nerve.
> synonym
» Tunica interna of eyeball
» Inner layer of eyeball
» subclass of
» Layer of wall of eyeball
» subclasses
> Left Retina
» Right Retina
> .


http://purl.org/sig/ont/fma/fma58301

Example: Visualization Portal

Filter Factor Assay technology type. Organism Tissue -

Show only studies with
Factors
spacenoht 3
fonizing radiation 2 % % % <>
genotype 1
tme 1
e o 10 s
~
oD Title Assay Organism Tissue Factor
Assay Technology Type
0 oo ] e Drosophia
o
ma sequencing (naseq) 101 )
o Iys ’
nirearrey . 0sD-4 :’:ﬁ'::"" Analysis of Space-flown Murine Thymus o\, ricroarray Musmusculus thymus spaceflight
Organism o Transcription profiing of rat to study the effect of ot -
05019 hindimb  unloading on healing of medial collateral  DNA microarray Medial collateral ligament
norvegicus unloading treatment
ligaments 3 weeks afterinjury
rodent 7
o genotypesoil
pant a . g
ospp R0t transcrptome remodeling of Arbidopsis i o L Avabidopsis Pl Foots F——
human " response to high levels of magnesium sulfate thalana
exposureime
ity 3
o Comparison of the spaceflght transcriptome of four Arabidopsis
vorm 2 0spa7 RNA Sequencing (RNASe Seedli ecotypespacefight
- 237 commonly used Arabidopsis thaliana ecotypes SRR thaliana L RS
o Proteomics and Transcriptomics analysis of Arabidopsis Arabidopsis sample preservation
’ ing (RNA i
Tissue OSD38  geedlings in Microgravity mass spectrometryRNA Sequencing (RNA-Seq) thaliana Seeding method spaceflight
o Rodent Research] (RR1) National LabVaIdBton FGE g
ather 35 / )
o N 0507 o er arcrpamc, o, spgenaric and (LS SUGICIE CILL M mies Le spaceflight
seedings 10

esearch-1 (RR1) NASA ight: Mouse Sequencing




Example: Visualization Portal

Filter

‘Show only studies with
processed data

Factors

spacefight
lonizing radition
time

weightlessness simulation
Assay Technology Type
a sequencing (ma-seq)
Organism
rodent
Tissue

O e

ightretina

leftretina

Factor \ssay technology type: ma sequencing (ma-seq Organism Tissue -

- - @

K < ]

=== -
osD Tt Assay Organism Tissue Factor
0SD194  Rodent Research-3-CASIS: Mouse retina transcriptomic data RNA Sequencing (RNA-Seq) Mus musculus :’\:u CEEES ey
o Hindimb
unloadingonizing
ospan Lo% d0se (004 ) iraiaton (LOR) and Hindimb unloading (4LU)micrograviy nmice:  RNA  Sequencing  (RNA- | o
retina transeriptomic and epigenomic data Seq)Bisulfte sequencing
sample collection
after teatment
Spaceflight nfluences gene expression, photoreceptor integrly, and oxidative stress-
050255 RNA Sequencing (RNAS M " Right et fight
related damage i the murine retina D LD R Gl
050397 lumi Mouse Retina RNA  Sequencing  (RNA g scus L TenRRIO gt
Seaq) Bisulfte sequencing retina
os0 it Assay organism Tissue ctor
Showing 110 4of 4 enttes previous Noxt
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Primary Type of Metadata Values

Everything is text Everything is an object
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GLOpenAPI Example

https://visualization.genelab.nasa.gov/GLOpenAPI/metadata/?study.characteristics.material type=Retina

[ B | < 1 2 L
1 fid study.characteristics
2] i assay name sample name material type
| 3 |0OSD-87 OSD-87_transcription-profiling_dna-microarray_affymetrix Mmus_C57-6CR_RTN_FLT_Rep1 Retina

| 4 |OSD-87 OSD-87_transcription-profiling_dna-microarray_affymetrix Mmus_C57-6CR_RTN_FLT_Rep2 Retina

| s |OSD-87 OSD-87_transcription-profiling_dna-microarray_affymetrix Mmus_C57-6CR_RTN_FLT_Rep3 Retina

| s |OSD-87 OSD-87_transcription-profiling_dna-microarray_affymetrix Mmus_C57-6CR_RTN_GC_Rep1 Retina

| 7 |OSD-87 OSD-87_transcription-profiling_dna-microarray_affymetrix Mmus_C57-6CR_RTN_GC_Rep2 Retina

| & |OSD-87 OSD-87_transcription-profiling_dna-microarray_affymetrix Mmus_C57-6CR_RTN_GC_Rep3 Retina

| o |OSD-203 Idr-hlu_retina_DNA_methylation_profiling_Bisulfite_sequencing Mmus_C57-6J_RTN_HLLC_IR_1mon_Rep1_M110 Retina

10 |0SD-203  Idr-hlu_retina_DNA_methylation_profiling_Bisulfite_sequencing Mmus_C57-6J_RTN_HLLC_IR_1mon_Rep2_M111  Retina

| 11 |OSD-203 Idr-hlu_retina_DNA_methylation_profiling_Bisulfite_sequencing Mmus_C57-6J_RTN_HLLC_IR_1mon_Rep3_M112 Retina

| 12 |OSD-203 Idr-hlu_retina_DNA_methylation_profiling_Bisulfite_sequencing Mmus_C57-6J_RTN_HLLC_IR_1mon_Rep4_M113  Retina

| 13|0SD-203  Idr-hlu_retina_DNA_methylation_profiling_Bisulfite_sequencing Mmus_C57-6J_RTN_HLLC_IR_1mon_Rep5_M114  Retina

| 14 |0SD-203  Idr-hlu_retina_DNA_methylation_profiling_Bisulfite_sequencing Mmus_C57-6J_RTN_HLLC_IR_1mon_Rep6_M115 Retina

| 15 |OSD-203  Idr-hlu_retina_DNA_methylation_profiling_Bisulfite_sequencing Mmus_C57-6J_RTN_HLLC_IR_4mon_Rep1_M75 Retina

| 16 |OSD-203 Idr-hlu_retina_DNA_methylation_profiling_Bisulfite_sequencing Mmus_C57-6J_RTN_HLLC_IR_4mon_Rep2_M80 Retina

| 17 |OSD-203 Idr-hlu_retina_DNA_methylation_profiling_Bisulfite_sequencing Mmus_C57-6J_RTN_HLLC_IR_4mon_Rep3_M82 Retina

| 18 |OSD-203 Idr-hlu_retina_DNA_methylation_profiling_Bisulfite_sequencing Mmus_C57-6J_RTN_HLLC_IR_4mon_Rep4_M84 Retina

| 19 |OSD-203 Idr-hlu_retina_DNA_methylation_profiling_Bisulfite_sequencing Mmus_C57-6J_RTN_HLLC_IR_4mon_Rep5_M89 Retina

| 20 |OSD-203 Idr-hlu_retina_DNA_methylation_profiling_Bisulfite_sequencing Mmus_C57-6J_RTN_HLLC_IR_7d_Rep1_M1 Retina

| 21 |OSD-203 Idr-hlu_retina_DNA_methylation_profiling_Bisulfite_sequencing Mmus_C57-6J_RTN_HLLC_IR_7d_Rep2_M7 Retina

| 22|0SD-203  Idr-hlu_retina_DNA_methylation_profiling_Bisulfite_sequencing Mmus_C57-6J_RTN_HLLC_IR_7d_Rep3_M13 Retina

| 23 |0SD-203  Idr-hlu_retina_DNA_methylation_profiling_Bisulfite_sequencing Mmus_C57-6J_RTN_HLLC_IR_7d_Rep4_M23 Retina

| 24 |0SD-203  Idr-hlu_retina_DNA_methylation_profiling_Bisulfite_sequencing Mmus_C57-6J_RTN_HLLC_IR_7d_Rep5_M24 Retina

| 25 |OSD-203 Idr-hlu_retina_DNA_methylation_profiling_Bisulfite_sequencing Mmus_C57-6J_RTN_HLLC_IRC_1mon_Rep1_M98 Retina

| 26 |OSD-203 Idr-hlu_retina_DNA_methylation_profiling_Bisulfite_sequencing Mmus_C57-6J_RTN_HLLC_IRC_1mon_Rep2_M99 Retina

| 27 |OSD-203 Idr-hlu_retina_DNA_methylation_profiling_Bisulfite_sequencing Mmus_C57-6J_RTN_HLLC_IRC_1mon_Rep3_M100 Retina

28 [0SD-203  Idr-hlu_retina_DNA_methylation_profiling_Bisulfite_sequencing Mmus_C57-6J_RTN_HLLC_IRC_1mon_Rep4_M101 Retina

% INQN.2N2  Idr ki ratina NNA mathulatinn neafiline Riculfita eannancins Mmuie AE7.&1 BTN HII A IDA 1man Pank M1N2 Dafina


https://visualization.genelab.nasa.gov/GLOpenAPI/metadata/?study.characteristics.material%20type=/retina/

BN 000 T OSSR
GLOpenAPI Example

https://visualization.genelab.nasa.gov/GLOpenAPI/metadata/?study.characteristics.material type=/retina/

A ) | c | L} I

1 lid study.characteristics
| 2 [accession assay name sample name material type
| 3 |OSD-87 OSD-87_transcription-profiling_dna-microarray_affymetrix Mmus_C57-6CR_RTN_FLT_Rep1 Retina

| « |OSD-87 OSD-87_transcription-profiling_dna-microarray_affymetrix Mmus_C57-6CR_RTN_FLT_Rep2 Retina

| 5 |OSD-87 OSD-87_transcription-profiling_dna-microarray_affymetrix Mmus_C57-6CR_RTN_FLT_Rep3 Retina

| & |OSD-87 OSD-87_transcription-profiling_dna-microarray_affymetrix Mmus_C57-6CR_RTN_GC_Rep1 Retina

| 7 |OSD-87 OSD-87_transcription-profiling_dna-microarray_affymetrix Mmus_C57-6CR_RTN_GC_Rep2 Retina

| & |OSD-87 OSD-87_transcription-profiling_dna-microarray_affymetrix Mmus_C57-6CR_RTN_GC_Rep3 Retina

| 9 |OSD-194  OSD-194_transcription-profiling_rna-sequencing-(ra-seq)_illumina Mmus_BAL-TAL_LRTN_BSL_Rep1_B7 Left retina

| 10 (OSD-194  OSD-194_transcription-profiling_ma-sequencing-(ra-seq)_illumina Mmus_BAL-TAL_LRTN_FLT_Rep1_F6 Left retina
|11 [OSD-194  OSD-194_transcription-profiling_ma-sequencing-(ra-seq)_illumina Mmus_BAL-TAL_LRTN_FLT_Rep2_F7 Left retina
|12 [OSD-194  OSD-194_transcription-profiling_ma-sequencing-(ra-seq)_illumina Mmus_BAL-TAL_LRTN_FLT_Rep3_F8 Left retina
|13 [OSD-194  OSD-194_transcription-profiling_ma-sequencing-(ra-seq)_illumina Mmus_BAL-TAL_LRTN_FLT_Rep4_F9 Left retina
|14 |OSD-194  OSD-194_transcription-profiling_ma-sequencing-(ra-seq)_illumina Mmus_BAL-TAL_LRTN_FLT_Rep5_F10 Left retina

| 15 |OSD-194  OSD-194_transcription-profiling_ma-sequencing-(ra-seq)_illumina Mmus_BAL-TAL_LRTN_GC_Rep1_G6 Left retina

| 16 |OSD-194  OSD-194_transcription-profiling_ma-sequencing-(ra-seq)_illumina Mmus_BAL-TAL_LRTN_GC_Rep2_G8 Left retina
|17 |OSD-194  OSD-194_transcription-profiling_ma-sequencing-(ra-seq)_illumina Mmus_BAL-TAL_LRTN_GC_Rep3_G9 Left retina

| 18 |OSD-194  OSD-194_transcription-profiling_rna-sequencing-(ra-seq)_illumina Mmus_BAL-TAL_RRTN_BSL_Rep2_B8 Right retina
| 19 |OSD-194  OSD-194_transcription-profiling_rna-sequencing-(ra-seq)_illumina Mmus_BAL-TAL_RRTN_BSL_Rep3_B9 Right retina
|20 |OSD-194  OSD-194_transcription-profiling_ma-sequencing-(ra-seq)_illumina Mmus_BAL-TAL_RRTN_BSL_Rep4_B10 Right retina
|21 |[OSD-194  OSD-194_transcription-profiling_ma-sequencing-(ra-seq)_illumina Mmus_BAL-TAL_RRTN_GC_Rep4_G10 Right retina
| 22 |OSD-203 Idr-hlu_retina_DNA_methylation_profiling_Bisulfite_sequencing Mmus_C57-6J_RTN_HLLC_IR_1mon_Rep1_M110 Retina

| 23 |OSD-203 Idr-hlu_retina_DNA_methylation_profiling_Bisulfite_sequencing Mmus_C57-6J_RTN_HLLC_IR_1mon_Rep2_M111  Retina

| 24 |OSD-203 Idr-hlu_retina_DNA_methylation_profiling_Bisulfite_sequencing Mmus_C57-6J_RTN_HLLC_IR_1mon_Rep3_M112 Retina

| 25 |OSD-203 Idr-hlu_retina_DNA_methylation_profiling_Bisulfite_sequencing Mmus_C57-6J_RTN_HLLC_IR_1mon_Rep4_M113  Retina

| 26 |OSD-203 Idr-hlu_retina_DNA_methylation_profiling_Bisulfite_sequencing Mmus_C57-6J_RTN_HLLC_IR_1mon_Rep5_M114  Retina

27 |OSD-203 Idr-hlu_retina_DNA_methylation_profiling_Bisulfite_sequencing Mmus_C57-6J_RTN_HLLC_IR_1mon_Rep6_M115 Retina

22 INQN2N2  lde ki ratina NNA mathulatinn neafiline Riculfita cantiancina Mmic AR7.R1 BTN HIIA ID Aman Pani M75  Datina


https://visualization.genelab.nasa.gov/GLOpenAPI/metadata/?study.characteristics.material%20type=/retina/

GLOpenAPI: Note

Also understood:

study.characteristics.material type=left retina|right retina

etc.
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GLOpenAPI Example

https://visualization.genelab.nasa.gov/GLOpenAPl/metadata/?study.characteristics.age=11 {day}

A L B I c 1 D |
|1t id study.characteristics
accession assay name sample name age

3 |0SD-406  glds-406_transcription_profiling_ RNA_Sequencing_(RNA-Seq) GSM4880354 11 {day}

4 |OSD-406  glds-406_transcription_profiling_RNA_Sequencing_(RNA-Seq) GSM4880355 11 {day}

5 |OSD-406  glds-406_transcription_profiling_RNA_Sequencing_(RNA-Seq) GSM4880356 11 {day}

6 |OSD-406  glds-406_transcription_profiling_RNA_Sequencing_(RNA-Seq) GSM4880357 11 {day}

7 |OSD-406  glds-406_transcription_profiling_RNA_Sequencing_(RNA-Seq) GSM4880358 11 {day}

8 |OSD-406  glds-406_transcription_profiling_RNA_Sequencing_(RNA-Seq) GSM4880359 11 {day}

| © |OSD-406  glds-406_transcription_profiling_RNA_Sequencing_(RNA-Seq) GSM4880360 11 {day}

10 |OSD-406  glds-406_transcription_profiling_RNA_Sequencing_(RNA-Seq) GSM4880361 11 {day}

11 |OSD-406  glds-406_transcription_profiling_RNA_Sequencing_(RNA-Seq) GSM4880362 11 {day}

12 |0SD-406  glds-406_transcription_profiling_RNA_Sequencing_(RNA-Seq) GSM4880363 11 {day}

13 |OSD-406  glds-406_transcription_profiling_RNA_Sequencing_(RNA-Seq) GSM4880364 11 {day}

14 |OSD-406  glds-406_transcription_profiling_RNA_Sequencing_(RNA-Seq) GSM4880365 11 {day}

| 15 |0SD-416 0OSD-416_d ylation-profiling_bisulfite quencing_lllumina  GSM3330758 11 {day}
| 16 |OSD-416  OSD-416_d ylation-profiling_bisulfite quencing_lllumina  GSM3330759 11 {day}
| 17 |0SD-416  OSD-416_dna-! methylatlon profiling_bisulfite-sequencing_lllumina  GSM3330760 11 {day}
| 18 |OSD-416  OSD-416_d hylation-profiling_bisulfite quencing_lllumina  GSM3330761 11 {day}
| 19 |OSD-416 0OSD-416_d ylation-profiling_bisulfite quencing_lllumina  GSM3330762 11 {day}
| 20 |OSD-416 0SD-416_d ylation-profiling_bisulfite quencing_lllumina  GSM3330763 11 {day}
| 21 |OSD-416 0SD-416_d ylation-profiling_bisulfite quencing_lllumina  GSM3330764 11 {day}
| 22 |0SD-416 0OSD-416_d ion-profiling_bisulfits quencing_lllumina  GSM3330765 11 {day}
| 23 |0SD-416 0OSD-416_dna-i methylatlon profiling_bisulfite-sequencing_lllumina  GSM3330766 11 {day}
| 24 |0SD-416 0OSD-416_d ylation-profiling_bisulfite quencing_lllumina  GSM3330767 11 {day}
| 25 |0SD-416  OSD-416_d ylation-profiling_bisulfite quencing_lllumina  GSM3330768 11 {day}
| 26 |0SD-416  OSD-416_d hylation-profiling_bisulfite quencing_lllumina  GSM3330769 11 {day}
| 27 |0SD-416  OSD-416_d hylation-profiling_bisulfite quencing_lllumina  GSM3330770 11 {day}
28 |OSD-416 0OSD-416_d ion-profiling_bisulfit quencing_lllumina  GSM3330771 11 {day}
INGNAIR  ARMA1R Ane.mathulafinn_nrfline it lfta_cantiandinn fliumina  (AGMR220779 11 JAmA



https://visualization.genelab.nasa.gov/GLOpenAPI/metadata/?study.characteristics.age=11%20\{day\}

GLOpenAPI Goal

https://visualization.genelab.nasa.gov/GLOpenAPI/metadata/?study.characteristics.age>=1 {week}

11 day
Tweek
Tmonth

1-2 weeks old
adult stage

vVVYyYVYYVYY




Summary and Concluding Thoughts

» Everything is text, but with a lot of magic behind the scenes
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The ISA-Tab model is a powerful framework that extends beyond biological sciences
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