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Outline

= Reporting standards

* Hopes and hurdles
= Synergistic efforts

+ Overcome the fragmentation of standards
= Qur standards-compliant implementation

- Manage experimental metadata



Growing complexity of the experiments

Example of Corresponding
experimental WORKFLOW METADATA
V e |nstitution, performer, date etc.
- e Experimental design
> o0 '. e Sample characteristics, e.g. specie,
0 o0 provenace, history or know disease
- ‘ ' ® Variables set in the experiment
b= design if applicable, e.g. treatment
N A
/ high dose; several time points). . .
® protocols and parameters CO“SlStent reportlng Of
etc.
/ \ the experimental metadata
\ NMR ® Technologi - i i

O usrs AR s R along with the associated
< - M -p ® Platforms names, types, versions L
a |"| e Protocols and parameters data- has a pOS|t|Ve and

Transcriptio Protein  Metabolite etc....
< 'p': SRk o " indentification profiling _ _

= long-lasting impact on the
§L value of collective scientific

“ \ = . ® Data file names
;" 13 ® Transformations name, type OUtpUtS
b > ® Protocols and parameters
IE / EE ™ e Derived data file names
< etc...
= N



Grass root omics initiatives (de facto standards), e.qg.:

HHHHHHHHHHﬂﬂﬂﬂﬂﬂﬂllﬁﬁﬂnassnnssmssﬂ

' Genomics Standards

,\gc,GGCAGC, (NGCCTGG, Gy,

Microarray and % p @G@% %7% Consortium (GSC)
Gene Expression Yo - 07000000 gensc.org
Data (MGED) HRGOIOPIS ey

OaUaG0a0a0a0a0,
O-O-O-O-O-O-®
Oaa0a020a 020

www.mged.org

HUPO- Proteomics
Standards Initiative (PSI)
Psidev.sf.net

Systems modelling
standards
www.sbml.org

Pathways
www.biopax.orq

Metabolomics Standards Initiative (MSI)
msi-workgroups.sf.net %ﬁ?“

Some are loosely connected to regulatory/healthcare-driven initiatives and
accredited Standards Developing Organizations (SDOs), e.g. CDISC,
SEND, HL7, developing de jure standards.




Three types of reporting standards

Content

minimal information

<ArrayDesign package> XM L
<ReporterGroup_assnlist>
<ReporterGroup identifier="ebi.ac.uk:MIAMExpress:ReporterGroup.A-MEXE-123.1"

name="Experimental">
<Species_assn>
<OntologyEntry category="Organism" value="Homo sapiens">
<OntologyReference_assn>

" ZDarzhzoalnry: IIDT—Mheent /1o nali nim nih ~ace /T Iﬂv«m_mgv«lh-“-
Dataset Variables for Vital Sigas - Findings Tabular
Variable  |Label Type |Code | Origin | Role |Comment

| Unique Subject Sponsor Unique subject identifier
USUBTD | deniies ® ]I Defined within the submsizzion
UsuBJID |VISIT VSTESTCD VSORREE'_'
0001 1 DIABP 70 a
0001 1 SYSBP 110
0001 1 BMI 253

Syntax
format

(X

i?

domain
experts

Proteins Diseases Llst Anatomy
— — —

Proteins Sworﬁﬁsauryseases Synonyms
B |
I 1

Proteins axonomy Diseases

P'rogtei Diseases : Anatomy
rOn tOIo ‘A 1S EXPRESSED M
=4 — =1

I il BFFECTS) |
= =
1S EXPRESSED IN

_n |

IS DOV REGULATED I

Semantics

terminology




Fragmented standards, fragmented systems, e.g.:

DIFFERENT
Access and exchange format

DIFFERENT
Core requirements captured

DIFFERENT
Terminologies

DIFFERENT
Deposition formats

DIFFERENT
Curation practices and tools

Three EBI omics systems

mage-
tab/ml|

f

/

ArrayExpress

Transcriptomics data files +

relevant experimental
descr iptors

N

T
it
,

/

J/

\

PRIDE

Transcriptomics data files +

relevant experimental
descriptors

N

/

7

.

T
-

?

ENA-Reads

'
>eq

+ relevant

\_expe rimental descripto s )

|
i

quencing reads data files




But....how do we manage complex experiments?

Example of
experimental WORKFLOW

STUDY

1 How do we encourage submissions
7 7\ \\ of experimental metadata and data

UHTS ARRAY  Ms and enable consistent reporting and

M P g

Protein  Metabolite curation in the current scenario?

indentification profiling
and
profiling

ASSAYS

Transcription
profiling

P
w7

EREEES

I —

|l

DATA FILES



We need to address the fragmentation of standards

= Promote synergies among standards initiatives

‘Limit’ the range and variability of formats, in particular
= Create interoperable reporting standards

Fit neatly into a jigsaw, resolving inconsistency and filling gaps
= Overcome several barriers

- Technical, funds and (overall) sociological......



Promote synergies among standards initiatives
‘Limit’ the range and variability of formats, in particular
Create interoperable reporting standards
Fit neatly into a jigsaw, resolving inconsistency and filling gaps
Overcome several barriers
Technical, funds and (overall) sociological......
Our* contribution to address these hurdles
Risen funds to hold workshops, supporting synergistic efforts
Initiated new synergistic efforts, where missing

Work with our data producers and collaborators to implement
standards-compliant systems

* Sansone SA, Rocca-Serra P, Field D, Taylor C.



Synergistic efforts we contribute to
Chee
Vg
v
7.

Scope
minimal information to be reported
Proteins Diseases List Anatorny

MIBBI: http://mibbi.org

<ArrayDesign package> X M L A
Proteins SWDT)hgsauryseaseS Synonyms

<ReporterGroup_assnlisty

<ReporterGroup identifier="ebi.ac.uk:MIAMExpress:ReporterGroup.A-MEXP-123.1"
name="Experimental">
<Species_assn>
<OntologyEntry category="Organism" value="Homo sapiens">
<OntologyReference_assn>
i I \ I Iotheens [loss nohi nlm nib s/l [R: /3 . .
Dataset Variables for Vital Sigus - Finding Ta b u Ia r @ .’.
Variable | Label Type |Code | Origin | Role | Comment ‘
' . Untque Subject Sponsor Unique subject identifier
LU e # | |Defied || it the ubmicion
USUBJID |VISIT VSTESTCD |VSORRES ™ ) )
0001 1 |DIABP |70 doma:n
experts

0001 1 SYSBP 110 P
0001 1 BMI 253

Syntax Semantics

format(s) for the communication terminology(s) for the description

ISA-tab: http://isatab.sf.net OBO foundry: http://obofoundry.org
FuGE: http://fuge.sf.net OBI: http://obi-ontology.org



Several stakeholders play pivotal role as enablers

EDITORIAL yolume 10, Number 10

n atl,lr e October 2008

cell biology

Standardizing data

Biological research is benefiting from an explosion of
data. There is an urgent need to invest in bioinformatic
infrastructure and education to interpret this data and
guarantee its archiving.

High-throughput research has helped fuel scientific progress at an
unprecedented pace and left vast amounts of digital data in its wake.
Even traditional hypothesis-driven research is now published at a
rate that prohibits individuals from retaining the necessary overview.
Bibliographic databases, such as PubMed, are key tools to navigate the

information, but do not provide access to the primary data. The value of

How then can we ensure that researchers record the appropriate
metadata to allow for accurate interpretation and repetition of data,
and that the data are appropriately annotated before being deposited
into databases? Several communities have developed data standards,
but there has been little effort to coordinate these to avoid redundancy
and incompatibility. Recently, the European Bioinformatics Institute
(EBI) spearheadeg g : orm for such

as microarrays, RNAI, quanutatwe PCR or FACS a:mlysxs MIBBI aims
to be a ‘one-stop shop’ for so-called checklist projects including MIAME
(Minimum Information About a Microarray Experiment) and MIAPE
(Minimum Information About a Proteomics Experiment). The ‘Portal’
section of MIBBI contains a growing number of links to the checklist
projects, whereas the ‘Foundry” invites input aimed at creating new, non-
redundant checklists. Active community participation in the MIBBI
Foundry will help ensure that the minimum information checklists
remain relevant and thus, high-throughput data adequately annotated.
Inadditionto properannotation, data must be described systematically
in unambiguous language to make them machine-readable. To achieve
this goal, communities must agree on ontologies (formal vocabularies for
data and concepts). Ontologies allow semantic interoperability between
various bioinformatics platforms and ensure that multiple rep051tor1es are
compatlble with each ot} : =

BioMed Central's journals - with clinical content and BMC
Bioinformatics - now include a link to the MIBBI in the instructions

for authors and encourage data deposition



Our infrastructure based on synergistic standards

--Biolnvestigation Index--.

- :
' - '
‘Imetadatadatabas dataarchive| .
' |

P, ke
isatab**® data files

5 open source components
working ’
either as united system

or as independent units

convert into other formats required ; i S at a b ee bui N -
o i L e : " -export- _ uild an R object and run existing
for submission to public repositories, . export | VALIDATOR p m BloConductor data analysis and

or for import |ljFo other systems ———J ... seseeseenes visualization modules..
v . X ¥
¢ TTTTTTTTTTommossomomssoooees : call validator library TTTTTTTTI T
| i isaconverter : ; ree .
) mage-tab ' N Isapackage
| isatah e —— pride-xm| : isatab®™*® M e mmmma ;
1 Isata ————— sra-xml ' _
"7 === » extendible to other - ,? '
| formats (e.g.SOFT) . y
---------------------------------- edit create

______________________

.....................



Component 1: ISAcreator, standalone editor tool

createnewstudy

create manually

create using expert assistance

back to previous

______________________

.....................



Component 1: ISAcreator, standalone editor tool

file view help

! =g= nne o H LL L] + + + + Assay measuring protein expression profiling using
werh || w80 || =00 | \UU- | Z=s || =¥ | fact | char | prot | para mass spectrometry

—J \ J

— Growth control of the e...

— BII-S-1 Data Transformation Name J L Derived Data File JL Factor Value[limiting nutrient) J L Factor Value[rate) J L Unit J
-+ s_BII-S-1.txt atatransformationl PRIDE_Exp_Complete_Ac_8761.xml |CHEBI:sulphur 0.1 I/hr
-+ a_proteome.txt atatransformationl PRIDE_Exp_Complete_Ac_8761.xml |CHEBI carbon 0.1 I/hr
- ! N atatransformationl PRIDE_Exp Complete Ac 8761.xml |CHEBI:Nitrogen 0.1 I/hr
~ a_metabolome.txt | Zoor o formationl PRIDE_Exp_Complete_Ac_8761.xml |CHEBI sulphur I/hr
< a_transcriptome.txt |jtatransformationl PRIDE_Exp Complete Ac 8761.xml |CHEBI:carbon \/hr
©BII-S-2 atatransformationl PRIDE_Exp Complete_Ac 8761.xml| |CHEBI Nitrogen I/hr
atatransformation2 PRIDE Exp Complete Ac 8762.xml |CHEBI:sulphur 0.2 |/hr
atatransformation2 PRIDE_Exp_Complete_Ac 8762.xml |CHEBI carbon 0.2 I/hr
atatransformation2 PRIDE Exp Complete Ac 8762.xml |CHEBINitrogen 0.1 |/hr
atatransformation2 PRIDE_Exp_Complete_Ac 8762.xml| |CHEBI sulphur I/hr
atatransformation2 |PRIDE_Exp Complete_Ac 8762.xml |CHEBI:carbon I/hr
atatransformation2 |PRIDE_Exp_Complete_Ac_8762.xml [CHEBI Nitrogen I/hr
atatransformation3 |PRIDE_Exp_Complete_Ac_8763.xml [CHEBI:Nitrogen 0.2 I/hr
atatransformation3 [PRIDE_ExD_f ontologylooku recenthistor
atatransformation3 |PRIDE_Exp If— )4 P y
atatransformation3 |PRIDE_Exp recommended search e all ontologies
atatransformation3 |PRIDE_Exp [—a _ I =
atatransformation3 |PRIDE_Exp || - — ["‘“09“' ] searsh ‘+ UO:microliter .
— 279 results in 18 ontologies +)EFO:genotype
© CCO - Cell Cycle Ontology +)NEWT:Saccharomyces cerevisia
— CHEBI - Chemical Entities of Biological +)CHEBI:carbon
- 28&apos;-carboxy-2-methylphenylazo nit +)CHEBI:phosphorous acid
+ STUDY - STUDY <= OVERVIEW = Nitrogen oxide cation<< 29120 >> F)EFO:_temp bin organism part
0 INFORMATION = Nitrogen- +)OBI:protein extraction
T ) - boron-carbon-nitrogen nanotube<< 50 : .
: ) a |+ OBI:mass spectrometry
ontology term information - diatomic nitrogen<< 33266 >> 2
Nitrogen y v |+)EFO:time =
source ref: CHEBI === T, () Nelvl
accession no: 17997
selected term(s) CHEBI:Nitrogen b:@ m
r C Y4 > '/




Component 1: ISAcreator, standalone editor tool

file view help

° to recenter the graph on screen, nght click on the graph area

? help

investigationvisualization

a_proteome.txt (protein expression profiling using mass spectrometry)
a_metabolome.txt (metabolite profiling using mass spectrometry)
a_transcriptome.txt (transcription profiling using DNA microarray)

-
3 (& - .

- Growth control of the e... ‘A> 1o move around the view ares, hold the left mouse button and move the mouse In

— BII-S-1 W the direction you wish to navigate to,

-+ % BII-S-1.txt p to zoom, either hold the right mouse button down and move up or down to 2o0m

o in or out respectively, or use the scroller wheel on your mouse (if you have one)

- a_proteome.txt

- a_metabolome.txt P to get more information about a graph Mem, click on it

- a_transcriptome.txt
©BII-S-2

BII-S-2
°® ® 9 oe a_metabolome.txt
e o ° e o
Y ° e
+ . nitrogen 0.2 I/hr (6 samples)
i-.u-l.'"lh(ﬂ*)
. o. .0
LR J
(0] ® P g 8.3 1 (6w |
e © .o
o) - ‘o
. . ..:..

\ rbon 0.07 I/hr (10 samples)

a_microarray.txt (transcription profiling using DNA microarray)

view information
view sample names

L0 (8 m——



Component 2: ISAvalidator

.....................

tab®*® :
ALIDATOR .

---------------------

call validator library

isatab™™®
R
edit create

......................

......................



Component 3: Biolnvestigation Index database

powered by Blolnvestlgatlon Index--.

.‘5%?3 : etadatadatabas |dataarch|ve|

|sata b “e data ﬁles

------------------

¥, HIBERNATE

..................

.....................

: t a b ] ] E
' YALIDATOR .

.....................

call validator library

isatab™™®
R
edit create
\‘ ’

......................

......................



| |21 Isaconverter

Component 4: ISAconverter

poweredby . _Biolnvestigation Index-.

. I
< JBosS’ @P e
° ' metadatadatab ataarchive
®@SEAM e
: v «
; isatab " data fil
# HIBERNATE  fsatab™ cotaties
PR isaloader :
S ucone Cveeeeeeeeeeees S
store
A
export
convert into other formats required : """"""" see
for submission to public repositories, _ ... -export-- | ta b '
or for import into other systems 3 ALIDATOR |
o eesesssses i

call validator library

mage-tab E
isatab®ee ———Pridexml : isatab™®
" 777"~ » extendible to other E o ' '\
formats (e.g.SOFT) | . Y
--------------------------------- edit create
Pl

---------------------



Component 5: R package for ISA-TAB (ongoing)

powered by --Biolnvestigation Index- -,

. .o 5
s JBoss .@admdm“ |dataarchive|§
® @ SEAM ; !
- > o '
pHiBERNATE | betabmdsne |
PR |saloader- |
Lucene, 'voccccceeeeees A mmmmmeeeees ‘
store
A
export
convert into other formats required ST T e !

" 250 i ' [ ] - : B 2 a2
i, (o] evor | fsatah®e® tepon (5] Btdr b o
or for import into other systems 3 ALIDATOR ; o y

e CTEERR T Mdeeees Rt visualization modules.
____________ Y e S A
{ A Isaconverter ‘: call validator library ; .
mage-tab E v E isapackage
— __» pride-xml : i Y e eeeeeeeeeees
isatab®s ———3 70 | lsatab
"7 7=~ b extendible to other ! o '\

formats (e.g.SOFT) | . Y

--------------------------------- edit create
Pl

---------------------

-—————



Instance deployed at EBI, as prototype

K poweredby .. Biolnvestigation Index:-.

o
o

etadatad t bas dataarchive
'QSEAM -

“e data files
) HIBERNATE satat

------------------

.
1

..................

-—-

isarchive

A

\ expiort

convert into other formats required CY T T
for submission to public repositories, _ - 4 -export-- | !/S,ata b

or for import into other systems

e ee---

---------------------

{ A isaconverter call validator library

Al
i mage-tab )
P —___» pride-xml ’ i e
| isatal e =% Pridex . isatab
' - '
| "7 =~ » extendible to other ! '\
Ll '
I

| formats (e.g.SOFT) / \
K """"""""""""" J edit  create
‘ ./,

......................

.....................

export-- -

~

build an R object and run existing
BioConductor data analysis and

visualization

PR —

modules.

.....................

rae
isapackage

.....................

-—————



Instance deployed at EBI, as prototype

existingebisystems

bidirectional references

~ e e
ENA-Reads. - PRIDE ArrayExpress
Sequencing Proteomics Transcriptomics
exper imental experimental experimental
descriptors descriptors descriptors
& data files & data files & data files

http//www.ebi.ac.uk/bioinvindex

..........
.....

““m=_Biolnvestigation Index --,
EEetadatadatabas;|dataa"hive

4 ﬂ
lsatab"' data files

------------------

convert and dispatch
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Public studies are visible and searchable

bio
investigation
index

browse
submit
contact
credits

Investigation

platform

COMPOUND-CENTRIC = VIEW

Jbrowsestudies

@ clearfields /2 searchindex

© public studies containing 252 assays

Study
Title

Organism

G NETE

Assay

Measurement

Technology =

Determination of the complete genome mm fica nuolsotide
BIL-S-5 sequence of Salmonella paratyphi A str. o p;' Paratyphi A genome sequencing ncing 1
AKU_12601 str. AKU_12601
The Influence of Pharmacogenetics on
I Fatty Liver Disease in the Wistar and | Rattus norvegicus time, strain, | transcription profiling DNA microarray 17
Kyoto Rats: A Combined (Rat) compound profiling NMR spectroscopy 79
Transcriptomic and Metabonomic mataboliie s
metagenome nuclectide
Metagenomes and Metatranscriptomes mm sequencing sequencing 4
BI-S-3 of phytoplankton blooms from an ocean | marine metagenome time, motide
acidification mesocosm experiment nuc
compound transcription profiling sequencing 4
An initial characterisation of the
BIS4  |Fasciols hepatica transcriptome using rl:‘v:m":,"““ transcription profiling m"'n:u 1
454-FLX sequencing seque
A time course analysis of transcription
response in yeast treated with Saccharomyces exposure time,
Bl BI-S-2 rapamycin, a specific inhibitor of the cerevislae (Baker's dose, transcription profiling DNA microarray 14
TORC1 complex: Iimpact on yeast yeast) compound
growth
Study of the impact of changes In flux protein expression
on the transcriptome, proteome, Saccharomyces limiting profiling Mass spectrometry 3
Blkk1 Bl-S-1 endometabolome and exometabolome | cerevisiae (Baker's
of the yeast Saccharomyces cerevisiae | yeast) nutrient, rate | transcription profiling DNA microarray 48

under different nutrient limitations

metabolite profiling

mass spectromatry 111




studyinformation

Investigation: This Study is part of an Investigation, which also includes: BI-5-2
Study ID: Bll-5-1
Title: Study nfthe imnact of channes in flux an the transerintame. nroteome. endnmetahnlome and exnmetahnlome of the veast Saccharnmyees
Guideline(s) CIMR MIAME MIAPE
Organism(s): followed:
Description: Download: £J STUDYMETADATA
"isatab®*"
more information about the study including protocols | open isatab in spreadsheet software or download, import
applied and sample processing steps... and view it in the Oisacreator
Design{s): A55AYDATAFILESZRECORDS
Publication(s): the assays associated with this study are listed below with links to their raw and processed data files (if available)
as well as links to submission records in other repositories (where applicable)...
,assaytype ~N
Sample attribute(s L .
Measurement: transcription profiling (¥ (] View ArrayExpress @\
Technology: DNA microarray RawData ProcessedData Entry For
Platform: Affymetrix E-MEXP-115
o J
,assaytype ~
Experimental Measurement:  metabolite profiling ¥)
factor(s): Technology: mass spectrometry RawData ProcessedData
Platform: LC-MS/MS
. J
/-assaytype ~N
Measurement: protein expression profiling (¥ View PRIDE @
Technology: mass spectrometry ProcessedData Entry For
Platform: iTRAQ 8761
(¥ View PRIDE @
ProcessedData Entry For
8763
(¥ View PRIDE @
ProcessedData Entry For
8762
o J

Contact(s): Castrillo | Juan, Stephen G Oliver, Zeef A Leo
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