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Past, Present & Future




The Past
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We are moving towards a brighter future

PAST PRESENT FUTURE
* Less data * Lots of diverse data * More and more data

* Knowledge in pdfs * Knowledge resources * Resource interoperability




The Present

ANALYSIS




Focus is still on publishing

@ ngh, xj
o:'{f‘{( <: %

ANALYSIS

Y

EXPERIMENTS




Scientists are also journalists ..

DATA-DRIVEN JOURNALISM = PROCESS

STORY

VISUALIZE

FILTER




To publish we need a story ..

Increasing value to science?




Repository




o maximize the value of research we need
to be able to interact with data at all levels

KNOWLEDGE




Current issues

e Often only raw data is available
* [oss of time for reanalysis
* Expertise is often not available

 Methods often unclear or incomplete
* Lack of reproducibility

 Knowledge is “lost”




How can we do this better?

F A R

Mark D. Wilkinson et al. The FAIR Guiding Principles for scientific data management and stewardship. Sci Data. 2016 Mar 15;3:160018.
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An example
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IMIDIA is an Innoative Medicines Initi.ti (IMl) joint
public/private partnership for type 2 diabetes research

IMIDIA is focused on understanding pancreatic beta cell
dysfunction in type Il diabetes — novel pathways and
biomarkers

Prof. Bernard Thorens,

IMIDIA Academic lead,
UNIL, Lausanne




Imidia

eart of IMIDIA

Phenotypes

In vitro models In vivo models
(human beta (mouse models)

Gene expression RNASeq

Genotyping Networ biology) Lipidomics

Human repository Cell imaging
(pancreas tissue) (Antibodies)

Clinical data



Working with FAIR principles
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Working with FAIR principles
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Specific templates used for each data type

ﬂ Y V= | P e Logged In as Mark Ibbarson

Swiss Institute of
Bioinformatics Work Package 2A  change

News Upload Experiments Mice Analysis Users

1 Experiment: test » 'V g

2 Select a type of data

blood sampling
fat sampling

gene expression
insulin secretion in vitro
insulin secretion in vivo \ Acce ss to
insulin tolerance test <_ d iffe re nt
islets isolation
islets lipidomics / tem plates

oral glucose tolerance test

organs
pancreas morphology
plasma lipidomics

urine sampling




Templates downloadable from a central database

News Upload Experiments Mice Analysis Users
1 Experiment: test » v 4
oral glucose tolerance test » v 4

3.

Provide the list of filenames to upload

This step is used to associate one or multiple datafiles to one or multiple mice
1. Download:
w(
this Microsoft Excel template

2. Open the downloaded file in Excel.
The file has two sheets. Each row of the first sheet contains the following columns:
1. Names of data files you want to upload...
...or the word SELF if the oral glucose tolerance test measurements are contained in the second sheet of

this excel file.
. Mouse ID or the word ANNOT if the uploaded file is not linked to a mouse.
. Day of measurement. One of D2, D10, D30 or DSO
. Date of data collection (YYYY-MM-DD)

5. Comment
(—show sample file)

> LN

The second sheet might contain additional sample, extract or measurement annotations. Users are free to modify
its format following — these instructions
3. If one file is not linked to a mouse, write ANNOT in the MOUSE_ID column

4. Upload this annotated excel file using the form below.
Data files are uploaded in the next step

Data type oral glucose tolerance test
Annotated Excel file Cnoose File | No file chosen




with the lak
templates and standardize the input data and metadata
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Unique cross-site sample identifiers

PO327IR01

7 AN

Pisa Organ Donor No. 327 Islets Batch 1

* Enabled tracking of samples between different centers
* Not restricted to any particular project
e Short enough to fit on the side of a sample tube!
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Egyptian scribe with Papyrus Biocurator with notebook
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Working with FAIR principles

Shared Data

Single access point
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Physiological and molecular data were collected

Weight Glucose Tolerance

- insulin resistant
6 —a— normal
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Strains Tissue bank

HF-diet
model

T2D vs ND

Physiology Clinical

Human




392 human samples

Phenotype
968 mice ‘ .

D -

440 mouse samples

IMIDIA DB
(for beta cell mass) '

v
334 mouse plasma samples RNA-Seq

253 mouse islet samples 233 human samples

‘ 480 human patients
=

Web Portal

340 mouse samples
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Using the Vital-IT distributed platform

Vital-IT: A “cloud” HPC

e > 8000 cores

> 15 PB near-line/archive data

* GPU/CPU based computing )
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Account validation

=)

Swiss Institute of
Bioinformatics members area

Login Account creation

Account validation
A

Email

New user Group leader
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Detail

Owrer Tracy Gorman

Growp AstraZeneca

Work Package wP2a
e, cownioad CoWnioad UPoN request
oate date 20120119
Expecmenttyps  WP2A: main study
Dewcrgoon
lllll
Flo Data Type Owner Size Uposddate  Actiors
ooy Fiver o

HR_rivw_daea xn pancroms momholgy Tracy Gorman 198 M8 2082012 04
woamemennr) | w0 +

Requests access |

Grants access
Email /

Data “owner” Project member




Working with FAIR principles

Usability

Interactive visualisation

Findability

Fiters
’;“m' gene: show my favorites  standard: @ fuzzy modules: ratios | exprs

Fiter on pathway: pvalue cutoft: [0.05 | ad). p-value cutoft: 1
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Access to detailed, harmonised sample information

Swiss Institute of
Bioinformatics

Work Package 2B  change

News Upload Experiments T patients Analysis Users
Browse patients, tissues and samples
quick search (patient_id, tissue_id, sample_id):
Filters:
<+ add filter...
Number of patients: 544 - Number of tissues: 1138 - Number of samples (including / excluding sections): 4459 / 3682 summary view
location patients tissues samples last update
Dresden ¥ 268 patients 268 Partially pancreatic patient 572 tissues 268 blood 2876 samples 244 DNA sample 08.05.2017
40 islets 7 GTA 2.5% block
264 pancreatic tissue 151 GTA 4% block
S)
] block
Patient & sample
block sections
'GTA 0.02% block
metadata from several [
fna
E H t sample
Geneva ¥ 12 patients 120 u ro pea n S I es hmple 05.11.2012
Hannover ¥ 12 patients 1O = - pl 01.10.2013
11 Partially pancreatic patient
EliLilly v 44 patients 44 Organ donor 43 tissues 43 islets 69 samples 30 DNA sample 20.11.2013
39 RNA sample
Pisa ¥ 208 patients 208 Organ donor 501 tissues 141 blood 1494 samples 208 DNA sample 04.10.2016
152 islets 77 GTA 2.5% block
208 pancreatic tissue 150 Islets (IS)
201 LCM biock
581 PFA block
141 Plasma

126 RNA sample

¥ download...

Logged in as Mark Ibberson




AKR:DS0

AKR:D30

AKR:D10

AKR:D02

5
6
¥y ¥ ¥ ¥ ¥

12982:D90

12952:D30

6
6

12982:010

12982:D02

p-value cutoff | 0.01

AJ:DSO

AJ:D30

AJ:D10

AJ:DO2

C578L6:D90

C578L6:D30

C578L6:010

|— Pathway, GO-CC, GO-BP or GO-MF

C57BL6:D02

Adj.p-value cutoff | 0.05

DBA2J:DS0

across multiple conditions

DBA2J:D30

Parallel plots to visualise data
6
@@@l@l@lé@@l@l@l@@

l— selected trait filters

DBA2J:D10

6
6

DBA2J:D02

I3
-6

BALBC:D30

6
6

BALBC:D30

6
-6

BALBC:D10

6
6

| --select--

BALBC:D02

5
6
£

[— Trait profiles (click to show)

CArOTYOTOQ

(0Y/4H) sonel gbol

DBA2J:D30 between 1.9 and 3.2

From:

p-value
filtered:

absolute ratios (]
select pathway:
user gene list: 4
trait filter:

To:

— Filters (click to hide)

— Gene profiles
6
5
4

Intuitive web-based tools to explore the data




Intuitive web-based tools to explore the data

Interactive heatmaps for
{ . Module vs Trait Heatn intuitive data mining Corelatons

Filters
Search gene:' show my favorites standard: @ fuzzy modules: O ( ratios exprs

Filter on pathway: ] p-value cutoff: [0.05 ‘ adj. p-value cutoff: 1

grey60 (121) — ,
maroon (57) N | B — |
palevioletred3 (70) || [===se]
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white (247) ==
violet (30)
brown2 (54)
antiquewnie2 (40)
blue2 (374)
purple (188)
Iightsiatedlue (120) =
plum (123)
darkseagreen3 (83)
black (639)
blue4 (65)
darkolvegreen2 (75)
i Iightpink3 (159)
yelow (237) I

firebrick4 (152)

darkturquoise (182) i
thistied (114) - =il
darkolivegreen (30) - ! | I
darkred (116) ]
deeppink (22) s |
blueviolet (26) ] ||

sienna3 (159)
antauewhite4 (64)




Mouse and Human data integration was possible
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IMIDIA Integrated Standardized
Data Set Framework (RDF)

B Jerven Bolleman
(Swiss-Prot) RDF
More than 10 years RDF
experience

Dmitry Kuznetsov (Vital-IT)
Database architect, RDF

Terms mapping using
global standards for
medical research
(CDISC)

RDF= Resource Description Framework
CDISC= Clinical Data Interchange Standards Consortium




IWhat is RDF ?

Susie is child of John Smith

Web page has _author Robin

Ethanol is oxidized to acetaldehyde
Protein kinase regulates enzyme activity

Relation

I SUBJECT mmmmm)> OBJECT I
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Other RDF sources can be “plugged in” to IMIDIA data

Other
IMI Project
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Other RDF sources are “plugged in” to IMIDIA data

2

Other

IMI Project
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ederated queries can

queries across several SPARQL end-points
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SPARQL CLIENT
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MERGED RESULT

User

Sub-queries




Working with FAIR principles
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SIB people involved in IMIDIA

Frédéric Burdet
Data management
Bioinformatics,
RNASeq analysis

Leonore Wigger

Mark Ibberson .
Statistical models

Data analysis and coordination

Dmitry Kuznetsov

Robin Liechti
Database, web

interface and Lou Gotz '
. Database architect, RDF
analysis tools Web interface
development

Diana Marek

Nicolas Guex B Jerven Bolleman CDISC term mapping
Algorithm development (SwissProt) RDF
and data analysis
Anne Niknejad N _
Lipid, gene and pathway i;f-,ci" « ™ Alan Bridge (SwissProt)
& annotations ! Lipid annotations
~ Lucilla Aimo
loannis Xenarios (SwissProt)
Work package leader, director of Vital-IT and SwissProt Lipid annotations
| Roberto Fabbretti Brian Stevenson ﬂ
| Vital-IT infrastructure Analysis and annotation e ——

Bioinformatics

management



Some notes

FAIRification was only possible because of protocol
harmonisation, data centralisation and curation right from the
start of the project

Additional funding was set aside to enable the work

A lot of people with diverse skills were needed

The process took time and we shouldn’t underestimate costs
« ~4PM/year for data curation and model design/encoding

 This is sustained for 7 years and not by a single PhD/Postdoc
®
o

el?(r
SWITZERLAND



Some outputs from the project

Cell Reports

Plasma Dihydroceramides Are Diabetes
Susceptibility Biomarker Candidates in Mice and
Humans

e Candidate lipid biomarker for T2D
* Capture, storage, sharing + discovery

 FAIRified data for mouse and human

* Interoperable with Uniprot, SwissLipids etc.
* CDISC (clinical standards) compatible

e SIB (Vital-IT) is now Data Coordination Center for 2 new IMI
projects RHAPSODY and BEAt-DKD

* Aligning multiple clinical cohorts to CDISC
* Federated database infrastructure and analysis

. ]



Take-home messages

We are having to deal with more and more diverse data

Main challenge is making sure knowledge is not lost
* How to make research data sustainable and reusable
* Resources need to be put aside for this
* This can impact future funding allocation (e.g. H2020)

FAIR is a good concept to work towards
* Need to think and plan the necessary steps early on (ideally before the
project starts)

FAIR does not necessarily mean Open Access
* Many datasets (e.g. Clinical) need to remain restricted access
* These datasets still need to be interoperable with other private and

I public resources I



Thank you!
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WP2A — mouse data
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WP2A - essential classes

Mouse age
values (7)

Measurements
type (13)

Mouse
results (....)

lines (6)

Measurement types

pancreas morphology

Measurements mass measurement
/ (5908) insulin secretion in vitro
. insulin secretion in vivo
Mouse diets

insulin tolerance test

(2)

oral glucose tolerance
test

Mouse
cohorts (56)

islets lipidomics
plasma lipidomics
RNA SEQ gene
expression

Measurement

328
1266
1535
3370
3783
4051

13286
51128
7290921
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WP2A — classes and properties

25 classes, 26 properties, 30°488°338 triples

4 © imidiaWP2A:DataStructures (80985)
@ imidiaWP2A:geneExpressionCount (341)
@ imidiaWP2A:massMeasurement (2398)
@ imidiaWP2A:substanceAmount (78246)
@ imidiaWP2A:Diets (2)
© imidiaWP2A:Measurements (7088)
@ imidiaWP2A:MeasurementType (13)
© imidiaWP2A:Mice (1536)
© imidiaWP2A:mouseAgeValues (7)
@ imidiaWP2A:MouseCohorts (56)
» @ imidiaWP2A:Mouselines
© imidiaWP2A:Stimuli (744)
» @ imidiaWP2A:Substances (165)
» @ imidiaWP2ATissues (7)
@ imidiaWP2ATraits (20)

M imidiaWP2A:ageOfTheSubjectedMouse
M imidiaWP2A:calculatedAreaUnderCurve
M imidiaWP2A:calculatedMeanValue

m imidiaWP2A:dateOfDayZero

M imidiaWP2A:delayUnit

M imidiaWP2A:geneticLineage

M imidiaWP2A:internalMouselD

M imidiaWP2A:measuredAfterDelay

M imidiaWP2A:measuredOnDate

M imidiaWP2A:measuredOnTissue

M imidiaWP2A:measuredResults

M imidiaWP2A:measuredSubstance

M imidiaWP2A:measurementTrait

 imidiaWP2A:measurementType

M imidiaWP2A:normalizedCountForGene

M imidiaWP2A:sampleConcentration

 imidiaWP2A:sampleConcentrationUnit

M imidiaWP2A:sampleMass

 imidiaWP2A:sampleMassUnit

M imidiaWP2A:sampleVolume

M imidiaWP2A:sampleVolumeUnit

 imidiaWP2A:subjectedMouseCohort
M imidiaWP2A:subjectedMouse

[ imidiaWP2A:subjectTreatedBeforeExperimentBy

M imidiaWP2A:treatedBy

 imidiaWP2A:usedSubstance




WP2B - patient data
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WP2B - essential classes

@
(v
1

Affydata

AffymetrixProbes
(2531418)

(54675)

: Genes (28478)
Patient (494)

imidiaWP2B:measuredAtAffyProbe  imidiaWP2B:affymetrixProbe
imidiaWP2B:measuredResults
LJ

imidiaWP2B:measuredResults

Insulin secretion (722)
Specimens (1007) @ents (4251)
e ed,

DNA sample (479) ]

dtype:derivedFrom IC (769) ]

plasma (431) ]

RNA sample (352) ]

)

dtype:compositeOf




WP2B - classes and properties

29 classes, 148 properties, 13’150°154 triples

© imidiaWP2B:AffymetrixProbes (54675)
4 © imidiaWP2B:DataStructures (25540)
© imidiaWP2B:AFFYdata (24818)
@ imidiaWP2B:geneExpressionCount
© imidiaWP2B:massMeasurement
@ imidiaWP2B:substanceAmount (722)
© imidiaWP2B:Measurements (4251)
@ imidiaWP2B:MeasurementType (22)
© imidiaWP2B:Patient (494)
@ imidiaWP2B:Samples (3957)
» @ imidiaWP2B:SampleTypes (3960)
@ imidiaWP2B:Specimens (1007)
® imidiaWP2B:Stimuli (1441)
» @ imidiaWP2B:Substances
@ imidiaWP2B:TissueBlocks (72)
© imidiaWP2B:Tissues (7)

M imidiaWP2B:affymetrixProbe

M imidiaWP2B:Bioanalyzer_data

M imidiaWP2B:calculatedAreaUnderCurve
M imidiaWP2B:calculatedMeanValue
 imidiaWP2B:CDISCequivalent

M imidiaWP2B:cDNA _yield

M imidiaWP2B:Chip_name

M imidiaWP2B:delayUnit

M imidiaWP2B:FlowCell_number

M imidiaWP2B:Library_concentration
M imidiaWP2B:Library_date

M imidiaWP2B:Library_fragment_size
M imidiaWP2B:Library_local_ID

M imidiaWP2B:Library_type

M imidiaWP2B:Library_volume

adRfaNRl .

m i g Tl imidiawpzazp‘*i"{n?idﬁwvzazpat{e"‘t—ibak
o imidiaWF g jmidiaW imidiaWPzB‘F" # imidi.aWP2B?lpa:t‘;:t’height
] imidiaWF ™ imidiaW m imi'di.am‘;zzi‘z‘ | i.mi‘:aa\\’:;z;f;aﬂent‘_histolog
m imidiawp - ]midI.aW . l'nr:\lidc;iaawpzal'p( :‘inr:\lidiawpmipaﬂem‘ . al_ir index

] imidiaWP m imi_d|,aw . l-.midiaWPZB'-Pi _ imidiaWPzB'-paﬁ‘em‘ Zza{_sjndex ‘

g imidiaWP im"d‘.aw migiaWP B o imidiaW"szpa:j:\tt—' L mean Y™
W imidiaW‘;tl l“r;“dd"aa imidiaWP2B‘-P¢ a imidiawszipa i

wmi

: g ™ ppatent

g imidiaV W WP o g0
P m im9? :

g imid! i

o B! atient
om0V oW WP i s

ender

ica‘_diagnOSiS
p_index




