CEDAR

CENTER FOrR EXPANDED DATA ANNOTATION
AND RETRIEVAL

Making it Easier, Possibly Even Pleasant,
to Author Rich Experimental Metadata



High Quality Metadata are
Essential
for Large-Scale Reuse
and Biomedical Discovery
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Minimum Information About a Microarray Experiment - MIAME

MIAME describes the Minimum Information About a Microarray Experiment that is needed to enable
the interpretation of the results of the experiment unambiguously and potentially to reproduce the
experiment. [Brazma et al., Nature Genetics]

The six most critical elements contributing towards MIAME are:

1. The raw data for each hybridisation (e.q., CEL or GPR files)

2. The final processed (normalised) data for the set of hybridisations in the
experiment (study) (e.q., the gene expression data matrix used to draw the
conclusions from the study)

3. The essential sample annotation including experimental factors and their
values (e.g., compound and dose in a dose response experiment)

4. The experimental design including sample data relationships (e.q., which raw
data file relates to which sample, which hybridisations are technical, which are
biological replicates)

5. Sufficient annotation of the array (e.g., gene identifiers, genomic coordinates,
probe oligonucleotide sequences or reference commercial array catalog
number)

6. The essential laboratory and data processing protocols (e.q., what
normalisation method has been used to obtain the final processed data)

For more details, see MIAME 2.0.

MIAME does not specify a particular format, however, obviously the data are more usable, ifitis
encoded in a way that the essential information specified by MIAME can be accessed easily. FGED
recommends the use of MAGE-TAB format, which is based on spreadsheets, or MAGE-ML.

MIAME also does not specify any particular terminology, however for automated data exchange the use
of standard controlled vocabularies and ontologies are desirable. FGED recommends the use of MGED
Ontology for the description of the key experimental concepts, and where possible ontologies
developed by the respective community for describing terms such as anatomy, disease, chemical
compounds efc (see OBO page for more detail).
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FAIR — Findable, Accessible, Interoperable, Reuseable
—> Data Sharing Plans

To be Findable:

F1. (meta)data are assigned a globally unigue and eternally persistent identifier
F2. data are described with rich metadata

F3. (meta)data are registered or indexed in a searchable resource

F4. metadata specify the data identifier

To be Accessible:

Al (meta)data are retrievable by their identifier using a standardized communications protocol

Al.1 the protocol is open, free, and universally implementable

A1l.2 the protocol allows for an authentication and authorization procedure, where necessary

A2 metadata are eternally accessible, even when the data are no longer available

To be Interoperable:

I1. (meta)data use a formal, accessible, shared, and broadly applicable language for knowledge representation.
I2. (meta)data use vocabularies that follow FAIR principles

13. (meta)data include qualified references to other (meta)data

To be Re-usable:

R1. meta(data) have a plurality of accurate and relevant attributes

R1.1. (meta)data are released with a clear and accessible data usage license

R1.2. (meta)data are associated with their provenance

R1.3. (meta)data meet domain-relevant community standards




UNIVERSITY PRESS

nature publishing group
F1000

FACULTY1000 Ll

EJ EMBOpress h BioMed Central "“* 5%

The Open Access Publisher DRYAD

biosharing.org

STANDARDS guidelines

L
~

BicSnharing standards have been partly compiled by linking to BicFortal, MIBE| and the Equator Metwark, |
i

Or you can filter on MIBBI Foundry reporting guidelines or OBO Foundry terminology artifacts. =

40 records in view

Wiew as Grid Wieww as Table
Standard Type
bt e = BioDBCore CIMR ~ GIATE
Ciore Artributes ,.nu_.n..,.n.__u_m. iCal Databases Core Infarmation for Metabolomics Guldelinas tor [nhormation Aboor Therapy
EXCHANGE FORMAT . REPDIATMG GUIDELINE RERArTing Experiments
TERMINOLOGY ARTIFACT 2
' = mmm__ﬁnnuﬁ n mmhu.nun_.._n n mmﬂuun_a._._-
. EE : EE EB
Domains g Publbcations n ag Publications n pgPublications ﬂ
AESAY w2
1 Taxa types, induwding: Mo taxa defined. Ho taxa defined.
Doy 2
A i " " 2
1 Data types, Including: 5 Data types, including: 2 Data types, including:
PROTEIN 1 = owranas ETAIOUT EEATHENT
TRANECRIFTOME 5

.
HIDCHEM ETRY i =

HRAIN 4

Ty T

o REGISTRY OF AESEARCH DATA A POSITORIES

OXFORD @v_-om BM] re3data«s @lXIr

UNITED
NinGODOW

©

-’

FORCE .

formats

{

«_ |ImHa
|! ]
-

MIABE
Wirdmum Information About a3 Bioactie
Entity
mmm__inn_.:n n
EE :
pePulilications n

Mo taxa defined

2 Data types, including:



HOME | SERMRCH | SITE r._._.h._"._

.—-—Jm moog st\mu _/\__D_BQ_ NCBI = GEQ >~ Accession Display 2

information checklists, GEO help: Mouse over screen slements for information.
1 Scope: |_Se +) F t: d| A t:| Quick %] ¢
such as MIAME, are being | s fomeime amensiase s

mQ<m30mQ .—.._‘03 m__ sectors Series GSE35240

Status Public on Aug 20, 2012
1 1 Title Gene expression in mitotic tissues of Drosof
O.—.. .ﬂ—Jm U_OBWQ_ON_ too many centrosomes
. Organism Drosophila melanogaster
ﬁo 3 3 C 3 _.ﬁ< Experiment type Expression profiling by array
Summary Centrosome defects are a common feature

can proceed through the majority of develo
amplified centrosomes in most of their cells.

. centrosome defects do not cause many prok
._-_x_m wmﬁ_ stm. they can adapt to cope with any problems
. . and centrosome amplification predispose fly
assess how centrosome l0ss or centrosome ;
_ 3<mm.ﬂ_mm.ﬁo ﬂm <_ m/>\ by profiling the global transcriptome of Droso
that either lack centrosomes or have too ma

requests for even
(" t A 7 : Owverall design Mitotic tissues (brains and imaginal discs
3 _ 3 _ Bm_ _S*O—xgm.ﬁ_OS mm Drosophila larvae of mutants lacking centros
with too many centrosomes (SakOE) and t
UC ﬂQmsmogm and OregonR). We extracted RNA from thre

used it for hybridisation to Affymetrix Di
biclogical sample, material dissected fror
expression of the mutant strains was compal

Contributor(s} Baumbach J, Levesque MP, Raff JW

Citation(s} Baumbach J, Levesgue MP, Raff JW. Centrost
dramatically perturb global gene expression i
15;1(10):983-93. PMID: 23213376




Unguided Data Entry is Problematic
Cen
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Research Questions

 What are the most effective approaches to maximize
reuse of pre-defined metadata elements?

* How can we get metadata authors to generate more
metadata in shorter time periods

— To what extent can we successfully predict metadata
values from existing metadata?

— Can we use manuscripts, published work, user history,
social media to improve prediction?

* To what extent can experts and crowds find, verify, and
fix metadata?

 To what degree does ontology-based metadata
improve the precision and recall of dataset search?



CEDAR technology will give us

 Tools

— To author metadata templates that define a community
standard while reusing previously defined elements

— To facilitate the capture of experimental metadata that
conform to one or more community standards

— To discover datasets that meet a plurality of dataset and
experimental requirements

e Methods

— To learn metadata patterns from unstructured, semi-structured,
and structured metadata

— To efficiently guide predictive entry of new metadata
— To index, query, and reason about ontology-based metadata

— To explore, verify, and collaboratively augment experimental
metadata even when the data are located elsewhere




CEDAR will empower users to meet and
exceed the minimal metadata standards

 Emphasis traditionally has been on development of
simple checklists of metadata elements

 Little practical consideration for
— Using shared value sets (search, browse, query)

— Common knowledge representations (interoperable
ecosystems of tools and data)

— Metadata validation against community standards
(richness and quality)

* We need a more expressive—and computable—
framework for describing metadata
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METADATA TEMPLATES

CREATE NEW

TEMPLATE ELEMENTS

CREATE NEW

®

®

ImmPort: ImmPort:
Experiment Protocol

=

=] =l

Objectives Official title

Dashboard

SEE ALL

5

Sponsoring
organization



Study type
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Template Creator —

Describes a study in terms of title, goals, endpoints, criteria for study participation,
ImmPort: Basic study design subject grouping (arms or cohorts), personel, planned visits or encounters and protocols

Add Element

El BRIEF TITLE * Brief title . ° °

[E] OBJECTIVES

* Description

[Z] OFFICIAL TITLE ° °

= SPONSORING
ORGANIZATION

TUDY TYPE <y
B sw Study type
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MORE ELEMENTS v I* O Longitudinal
O Observational
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O m URP w Template Runtime =—

Choose a Template

Template

§

IMMPORT: e , .
=] BASIC STUDY DESIGN Susceptibility and Resistance to Common Encapsulated Bacteria (v
Infections
&l IMMPORT: EXPERIMENT
To map and isolate human host supergenes that confer general (V]

B IMMPORT: PROTOCOL susceptibility and resistance to common encapsulated bacteria

infections such as pneumococcus, meningococcus, and H.

B NEW TEMPLATE influenza

Study type (v]

() Intervention longitudinal
O Interventional
O Longitudinal

@ Observational

Genetic factors confering susceptibility or resistance to common o
encapsulated bacteria infections



We also want to help users compose
templates and auto-magically suggest
metadata values



Can we use free text to predict
structured and semi-structured values?

Sample GSM1230698 Query DataSets for GSM1230698
p 2014

Title SNG-M_PTX_1
A

Source name

Organism
Characteristics

SNG-M Paclitaxel 24h
HOMO sapiens
cell line: SNG-M

Treatment protocol

Growth protocol

e
Treated with eribulin and paclitaxel at 10xICS50 conc. for 24 hours, ICS0
determinded in growth inhibitation assay for cell line separately.

Cell lines were growing in growth media recommanded by ATCC.

Label protocol

Hybridization protocol

Scan protocol
Description
Data processing

Biotinylated fragmenetd cRNA was used.

We used manufacture recommened protocol (Affymetrix). Arrays were

washed and stained using Affymetrix Fluidics Station 450
Arrays were scanned using Affymetrix GeneChip Scanner 3000

drug

Gene chips were analyzed using Affymetrix Microarray Analysis Suite (MAS)
version 5. RMA normalization was performed using Affymetrix Power Tools




Predicting structured metadata (accuracy)

LDA => SVM 32.69%  88.98% 87.43% 94.87% 87.64%

LDA => DecisionTree 73.30% 95.45% 86.80% 95.01% 88.00%

Accuracy = % correctly classified samples

Predicting semi-structured metadata

Using multi label tree
Accuracy of 72% to predict 39 most-occurring keys
Average precision 79% (for all keys)
Average recall 82% (for all keys)



Metadata: The Next Frontier

We welcome new partners to
— Learn about your metadata authoring workflow
— Evaluate CEDAR technology

— Incorporate this technology into your curation
workflows
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Research scientists

Knowledge engineers, data
scientists, software developers, etc.
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