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The Image Problem is Ubiquitous

Physiology

Organelles

Dynamics

A pretty picture?

In Vivo A measurement?

Lead Discovery
Target Validation

Pathology

A resource?



Data Sharing in OMERO
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Data Integration in OMERO
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Image Data Resource (IDR)

[ ] ® = IDR: Image Data Resource X e

< C { @& Secure | https://idr.openmicroscopy.org a

¥ @IDRnews ¥ @IDRstatus

ABOUT US SUBMISSIONS > ANALYSIS v DEPLOYMENT

ZIDR

Image Data Resource

Welcome to the Image Data Resource (IDR). This online, public data repository seeks to
store, integrate and serve image datasets from published scientific studies.

Goal

ssible publicly

plex, multidimensional life s age data

Sharing data promotes the validation of experimental met

ods and scientific conclusions, the comparison with

new data obtained by the global scientific community, and enables data reuse by develope

logical insights

please see the Nature Methods paper

Image Data Resource: a bioimage data integration
and publication platform

== https://idr.openmicroscop
= vy.org/ "G



The IDR @ EBI Embassy

Gene Product
Targeting HCS

/Geogfaphic HCS

Chemical HCS

Histopathology

3D-Sim

Super-resolution

& Webclient x

C {) @ idropenmicroscopy.org

- General

Explore Full viewer ]
[ ] -
41757 [Well K7, Field 1]
Y. Demo data
Image ID:
Well ID:
Owner Show all <]

Well Details N -
-~ Experimental
Import Date:

Dimensions (XY):

Pixels Type:
Pixels Size (XY2)

metadata

z
sections/Timepoints:
Channels:

ROI Count

Attributes <

Gene

afernandez-daua/screenC
Added by: Demo User

studies’

Gene Identifi 15
012-fuchs-celimorph/scre:

~ Biomolecular

= annotations

ORF supplementary
Added by: Demo User
RF Sequ

)

Tables -
Well .
Well Number:
nalvsis
[Organism]

Term Source 1
REF

results

Characteristics
[Cell Line]
Term Source 2
REF:

Te
A

Term Source 2
ccession:

ORF Identifier

Cloud
analysis

Cross-data
browsing

Download
(local analysis)




Linked data

Attributes v

Cell Lines
Added by: Public data

Cell Line Hela

Gene

Added by: Public data

Gene |dentifier 9070 f-:
. G Symbol ASH2L
idrO012 ene Symbo

Studies Genes Phenotypes Cell Lines siRNAs

elongated cells

eromgateccell phenotype
type Term Accession CMPO_0000077

Type Gene Symbol...

Y. Gene 1
4 ASH2L (38)
{8 idro006-fong-nuclearbodies/screenA (16)
{8 idr0009-simpson-secretion/screenA (12)
{88 idr0013-neumann-mitocheck/screenA (6)
{88 idro012-fuchs-cellmorph/screenA (2)
B HT28
HT28 [Well G13, Field 1]
HT28 [Well G13, Field 2]
{8 idr0010-doil-dnadamage/screenA (2)



Reference images

Biomolecular
Resources

Genes Compounds  Cell Lines

Imaging
Domains

Controlled
Vocabularies

Google: “Euro-Biolmaging/Elixir Data

C+vratan /!

Phenotypes Ground Truth

Euro-Biolmaging — ELIXIR
DATA BRIDGE

Structural Imaging
Cellular Phenotyping
Cellular Atlas

lodel Orgar las
ur las

oat .
» EURO-BIOIMAGING elixir

15 ....
L X J



Breadth of domains ZIDR

Lawo et al, 2013 Neff et al, 2013 Dickerson et al, 2015

Super-resolution r"_- H';--"/ } ¢ DgY | Cell Dynamics

Yang et al, 2016 Kilpinen et al, 2017 Tara Oceans




Vital Stats £IDR

Metric May 2018
Image data size 46.9 TB
Image files 154 M
Total images (5D) 2.89 M
Planes (2D) 42.2 M
Experiments 1.04M
Genes 19K

Phenotypic Classes 161

18 ....
L X J



Vital Stats

46 Studies Models: Projects: Cross-published:
Datasets &  S.cerevisiae  Mitocheck == | |8
papers linked S. pombe Sysgro Systems
via DOls Drosophila HPA =
Arabidopsis ~ MULTIMOT \‘\‘) ) eLIFE
Mus BBBC =
Human Tara

Plankton HipSci

% W 3
{4 $p \ ~ Ay
nature publishing group I@J

nature

@’ PLOS ‘ ONE

20 ....
L X J



By the way

®  ©® W DR News on Twitter: "EXCITII x ()

&« C (0 & Twitter, Inc. [US] | https://twitter.com/IDRnews/status/978255485764808704 Q  ¥¢

«= IDR News
e=  @IDRnews

EXCITING NEWS! #IDR is now a
@ScientificData recommended image data
repository!
blog.openmicroscopy.org/community/2018
... #0OpenSc’ - -

C] Recommended Data Repositor X 9

(S C {d @& Secure https://www.nature.com/sdata/policies/repositories#imaging @ W

orire,
........

Imaging

Image Data Resource view FAIRsharing entry
The Cancer Imaging Archive view FAIRsharing entry
SICAS Medical Image Repository view FAIRsharing entry

Coherent X-ray Imaging Data Bank (CXIDB) view FAIRsharing entry

https://www.nature.com/sdata/policies/repositories#fimaging o0



what about the rest?

29 ....
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ZIDR
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Submission

® © ® /= pRr: Submission x e
< C {t @ idr.openmicroscopy.org Q % O
¥ @IDRnews ¥ @IDRstatus

ABOUT US SUBMISSIONS ~  ANALYSIS v DEPLOYMENT

Submission of datasets to the IDR

The Image Data Resource (IDR) publishes “reference image” datasets supporting conventional peer-reviewed
publications and integrates them with other imaging datasets for cross-dataset querying of metadata (e.g.
genes, phenotypes, small molecules) and re-analysis.

Subm d 0 - last modified: March 2017

What we are looking for

We aim to publish reference image datasets, which have value beyond simply supporting an original publication

according to the Euro-Biolmaging - Elixir Image Data Strategy. This includes

* Datasets associated with an existing or upcoming publication

* Complete datas

not just images supporting one figure in the publication

* Datasets wh tadata can be integrated wit 1 identifiers from well-kno

ther d
ene, RefSeq, PubChem, ChEBI etc)

* Datasets generated using new imaging methods or new ana

biomolecular resources (Ensembl, NCBI Entrez Ge

methods

* Datasets tha

e likely to be re-analysed or incorporated into other studies or integrated with other




Submission Contents

Study study.txt
Screens Experiments
0+ 0+
(0+) (0+) library.txt
slkiizs Datasets or & optionally | processed.txt
(1+) (1+)

assays.txt

Image files

“em==" : metadata specification

30 ....
L X J



Submission Pipeline £IDR

Initial Exchange Validation Publication

Pre-print Metadata Annotation

Reference? Publication

Upload

TP,
Disk

idr@openmicroscopy.org > 3 weeks +1

31 o %
(X)



Curators & Data Wranglers

Eleanor Williams

Winner of the 2018 Biocuration Career Award!

® O ® |y intSocBiocuration on Twitt: x | &3 Eleanor Williams on winning X e ® 0 ® ¥ intSocBio n Twitle X / €3 Eleanor Williams on winning X e
C {) | & Twitter, Inc. [US] | https://twitter.com C {) & Secure | https://www.biocuration.org
e @ o v o
—-.- International
, . B Society for
- o
Sébastien Besson I i Soc Bocuraten Biocuration

Biocuration Career Award, Dr Eleanor

Wiliams, tells us about her career to date and

gives a hint as to what will be in her THEISB
presentation at the International Biocuration ELEANOR WILLIAMS ON
Conf in Shanghai in April
orierence in Shanghatin Aer WINNING THE BIOCURATION
biocuration.org/eleanor-willia ... A\/\/ARD 20 18

D MARCH 1, 2 4 ROB DAVID!

Dominik Linder &

9:46 PM - 1 Mar 2018

https://twitter.com/biocurator/status/969373280313409536

Petr Walczysko

32 .O ..


https://twitter.com/biocurator/status/969373280313409536

Team effort

e Full team effort

* Drives development of OMERO,
Bio-Formats & File Formats

e With added funding for @ can_
Human Cell Atlas INITIATIVE

and EBI‘s BioStudies *Q;;BBSRC

* Looking for new curators and
data wranglers.

34 .‘..
L X J
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IDR Phenotype: elongated cells

Studies Genes Phenotypes Cell Lines siRNAs Antibodies Compounds Organisms Help

General

“elongated cells , ceII shapQ blpolar “viable elongated

with protrusions” on.gated” vegetative cell”

elongated cell phenotype

http://www.ebi.ac.uk/cmpo/CMPO_0000077

36 .. ..



IDR Phenotype: elongated cells

Attributes v

Cell Lines
Added by: Public data

Cell Line Hela

Gene

Added by: Public data

Gene |dentifier 9070 f-:
. G Symbol ASH2L
idr0012 ene symbo

Phenotype

Studies Genes Phenotypes  CellLines  siRNAs  Antibodies g it CEIC)
type elongated cells

phenotype
CMPO_0000077

elonga

Match 5 - .
case @ | ( Filter Images type Term Accession

Type Gene Symbol...
Y. Gene 1
4 ASH2L (38)
{8 idro006-fong-nuclearbodies/screenA (16)
{8 idr0009-simpson-secretion/screenA (12)
{88 idr0013-neumann-mitocheck/screenA (6)
{88 idro012-fuchs-cellmorph/screenA (2)
B HT28
HT28 [Well G13, Field 1]
HT28 [Well G13, Field 2]
{8 idr0010-doil-dnadamage/screenA (2)

37 .. ..



IDR Phenotype: elongated cells

@ @®
@ A4 JupyterLab X 8

(f C () @ Secure https://idr-analysis.openmicroscopy.org/public/user/502fd092.. @ Y @ d e-F get G e n e S F Pom P h e n Ot y p e ( ) :

File Edit View Run Kernel Hub Tabs Settings Help

= GeneNetwork. ®

@
o
L@ + X OO » m C Code v IDRPython2 O
o Querying the IDR
£
c
c
= We will download the annotations for the three screens under study as panda DataFrames,
and sub-select the genes from each which are annotated with the phenotype we are
» looking for, CMPO_0000077 a.k.a. 'elongated cell phenotype'.
°
c
E The next step is to build, from that list, a list of IDs we can query the STRING database &
E . . . . . .
] with. The translation table was built offline using biomart and pombase.
o
o <
In [5]: # CMPO term to look for
° phTerm = 'CMPO_0000077"'
°
= # ids of screens: ® &
© # scId = 3 # Graml et al. P =
# scId = 206 # Rohn et al., B )
w # scId = 1202 # Fuchs et al., B
Qo
o
= screens = [3, 206, 1202]
genes = []
for scId in screens:
print 'loading ' + str(scId) L o
_& e
# loading bulk_annotations of screens as dataframes @ /"'\5 < ~
df = getBulkAnnotationAsDf(scId, conn) Py T
. . - @
# unique genes with CPMO term hd oolRhon
cur = getGenesFromPhenotype(df, phTerm) ~
print 'got ' + str(len(cur)) + ' genes'
genes.extend(cur)
loading 3
14209154
got 39 genes .
Loading 206 Actinome (Hela)
15026339

CellMorph (Hela)

Williams et al (2017) Nature Methods 39 o



Genes <> Phenotypes

- Jupyter ARP2-3Complex Last Checkpoint: 09/08/2017 (autosaved)

Control Panel
File Edit View nsert Ce Kerne Nidgets Help Not Trusted OMERO Python 2
B + = A B 44 v M B C Markdown : =

Query IDR for Phenotypes

In [4]: session = create_http session(idr_url.value)
organism = org_sel.value

idr_base_url = idr url.value

[guery_genes_dataframe, screen_to_phenotype dictionary] = get_phenotypes_for genelist(idr_ base url,
display(HTML(query genes_dataframe.to_html( escape=False)))

Logout

session, go_gene_ li:

[============================================================ | 100.0% ___Iteraf_ing through gene list

Entrez Ensembl Key Value PhenotypeName PhenotypeAccession Screenlds

[decreased cell numbers,  [CMPO_0000274, CMPO_0000299, [206, 206, 206, 206, 208,

ARPC2 [10109] [ENSG00000163466] GeneName ARPC2 geometric cell phenot... CMPO_0000276, CMP... 206, 206, 206, 206, ...

ARPC1A  [10552] [ENSGO0O000241685) GeneName ARPC1A [strong decrease in rate of [CMPO_0000319) [251)
protein secretion]

., [increased actin localisedto  [CMPO_0000261, CMPO_0000287, [206, 206, 206, 206, 206,

ARPCSL  [B1873] [ENSG00000136850) GeneName ARPCSL the nucleus, elo... CMPO_0000288, CMP... 206, 206, 206, 206, ...

- . [cell death phenotype,  [CMPO_0000305, CMPO_0000348, [1101, 1101, 1101, 1101,

ACTR3C [653857] [ENSGO0000106526) EnsembllD ENSGO0000106526 rmitosis delayed phenoty... CMPO, 0000307, CMP.. 1101, 1101, 1101}

ACTR3B [57180] [ENSGO0000133627] GeneName ACTR3B [binuciear cell phenotype] [CMPO_0000213] [1101]

HEL-68 [10552] [ENSGOO0DD0241685] EnsembllD ENSGO0000241685 Istrong decrease in rate of [CMPO_0000319] [251)
protein secretion]

ARPC4 [10093] [ENSGO0000241553] GeneName ARPC4 jnild decmase in sale of [CMPO_0000318] [251]
protein secretion]

ACTR3 [10096] [ENSGO000D115091] GeneName ACTR3 [strong decrease inrate of  ~y0) 0000319, CMPO_0000319] [251, 803]

protein secretion,...

2

O

Balaji Ramalingam, Dundee

40 ....
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Genes <> Phenotypes

StringDB I
Significance 02

0.0

ARPCSL
—— ACTR3B

ACTR3C

ACTR2

ACTR3

ARPCI1A A rp2/3
ARPC1B ”Query”

ARPC2

ARPCS

ARPC3

ARPC4

Primary Interactors

Balaji Ramalingam, Dundee 41 &%



Virtual Analysis Environment (VAE)

® O ® | = DR: Image Data Resource Virl X (=]
& C {) @& Secure | https://idr-analysis.openmicroscopy.org aQ ¥
¥ @IDRnews ¥ @IDRstatus

ABOUT US SUBMISSIONS ~ ANALYSIS ¥ DEPLOYMENT ~

ZIDR

Virtual Analysis Environment

The IDR Virtual Analysis Environment (VAE) supports the open and reproducible analysis of data in the IDR. It
is built on JupyterHub and is available to anyone interested in exploring and mining the diverse and vast
range of image data and metadata in the IDR.

re limited in the n kr

urces they car

y. Do not s sh to ke

> anything yo ep.

If you have any queries about the VAE, including questions about usag

APl access and available data, please

open an issue on the idr-contrib/community GitHub repository

Public access

set of Jupyter Notebooks that can be run by anyone without a login.

GitHub login

== https://idr-
= analysis.openmicroscopy.org/




Virtual Analysis Environment (VAE)

= IDR: Image Data Resource X

C {) | & Secure | https://idr-analysis.openmicroscopy...

Public access

We have a set of Jupyter Notebooks that can be run by anyol

without a login

@ = IDR: Image Data Resource Vir' X

C () @& Secure | https://idr-analysis.openmicroscopy... ¢

Elixir AAl login

If you have an Elixir AAl account you can use it to access the

analysis platform. This is currently a demor ator, and is id

entical

4]

to the public access. Please note that
authentication errors b een your ch
Elixir AAI

® | = DR: Image Data Resource Vir X

C 1Y & Secure | https://idr-analysis.openmicroscopy....

GitHub login

putational re
includ

access

your

ources

and you should co

all scratch spa

orary storage only. Your scratch spa

> may be dele

you have no onth

a planned update we need to delete our existing

Il give at notice on idr-

contrib/community and the @IDRstatus Twitter feed

* Public access:

 Elixir AAI:
(demo)

danonymous
no storage

institution-based
no storage yet

account-based
requires admin
storage within reason




Previous and ongoing efforts

4 [ &

Download Cross-data Cloud
(local analysis) browsing analysis

Google Al

European Molecular
Biology Laboratory

EMBL :
(a! EOSC..

. A The European Open Science
\/ Cloud for Research Pilot Project

Open for Innovation

KNIME etal

53 ....
L X J



.

l‘“ﬁ. : &

* ‘U‘
a2 % .
RS
Scali& Technology
# e 4
- ¥ ’,J
o\,




- - ‘
Tools for increasing value

F )

ee | OME-FILES

o o
S BIO-FORMATS

o0
Common
Vocabulary | <o+ OMERO

https://openmicroscopy.org o



OMERO 5.4

|:I

4

.:.:. QM%E\;O

 OMERO

™~
|

w
w
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" OMERO 5.4

-

.:.:. OM%&OO

-
s+ OMERO

.server
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-

s+ OMERO

.server
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OMERO 5.4

|:I

4

.:.:. QM%E\;O

 OMERO

™~
|

w
w
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" OMERO 5.4

.

4

I
& N
‘8, o+ OMERO
R— .web

Public
user

— 8

o+ OMERO

.Server

73 ....
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" OMERO 5.4

Read-only
aCcCess g
| mOMERo: $*OMERO
ll————-————J' . we
. OMERO' ‘o»OMERO
| .server | .server
\ (e e e e e - — o

IOj“m

ts
i

74 ....
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" OMERO 5.4

Read-only D
access
PN

E— " % OMERO! s OMERO
I
e e e e o — — — — v —
oo J |
e\ B

______

75 ....
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" OMERO 5.4

Read-only
aCcCess g
| mOMERo: $*OMERO
ll————-————J' . we
. OMERO' ‘o»OMERO
| .server | .server
\ (e e e e e - — o

IOj“m

ts
i

76 ....
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" OMERO 5.4

Read-only D
access
4

d
AR OMERO, $» OMERO
{Pfs%ic_______J . e
. OMERO' ‘ot OMERO
I .server | .server
e e e e e e e o o

77 o %
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OMERO 5.4

.

N

o OMERO |

**OMERO |

.server

i “**OMERO,

| **OMERO |

.server

.:.:. OM %e%o

*+OMERO

.server

"

's
i

78 @ .o
()




" OMERO 5.4

.

4

— el e e e = e
ll\

'+ OMERO |,

.server

' X QM%GFSQ :

| £+ OMERO

.server

0:0:0 oM %5)0

*+OMERO

B

.server
=
@

79 o .o
()




" OMERO 5.4

.

\ (o — — — = J
e o - |
"ss OMERO |
| .server |
S J

| " OMERO

.server

.:.:. OM %e%o

X OMERO

™~
—

i
([
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-

IDR Today

We’re readly tor you!
ANhopefully

idr.o.org idr-analysis.o.org
- -

4
- - A N e ) - - Y- 3
| '+ OMERO I || '», OMERO ! 1 & OMERO I ||| +o» OMERO |
| .web Iy .web | I .web r .web |
QU | G B J | G
TSR AR ey | o - AR ey |
| '+ OMERO 1 ||, 'o, OMERO ! | *o*OMERO 1 || +»» OMERO |
I .server | I .server | I .server | I .server |
e e — = N ' b e e e — = b ___ I
[ ] @ a -/g\. a @ L ]
User: public

Password: public
Port: 4064

81 o @
[ X J



Cannection' details

Logging in (standard)

$ conda install -c bioconda python-omero

$ ipython

In [1]: import omero

In [2]: c omero.client("idr.openmicroscopy.org")

In [3]: s = c.createSession("public", "public")

Logging in (better)

$ conda install -c bioconda idr-py
$ ipython
In [1]: from idr import connection

In [2]: ¢ = connection("idr.openmicroscopy.org”, ”public”, “public”)

-
[ e— .

“ o= :alibrary
-

83 ....
L X J




Downloading with Aspera

$ docker run -ti --rm -v /tmp/data:/data imagedata/download \
idreeel 20151116-verified/JL_120731_S6A /data/JL_120731_S6A

001009001. flex 100% 87MB 363Mb/s 00:02

002007002 .flex 100% 87MB 562Mb/s 28:56
Completed: 103114111K bytes transferred in 1736 seconds (486305K bits/sec), in
1152 files, 6 directories.

84 ....
L X J






W  +:BBSRC

wellcome

MULTI

CHAN
Cc RBEL @ e N\\QT

\,XD , GL(,BAL
EURO-BIOIMAGING  BIUIMAGING

growing collaboration

87 ....
L X J



(1) Integration with data archives

Added = IDR
»

Value DB
\
Reference S \ Reference
Metadata \ [Images
\
\
S N
Fe e . ___== D
T |
. : ' Biolmage |
( J O )
——e -
I
I
I
|
Publications [ DOlI, etc. Figures Sll:f;slri:(taigfl Image Data ]

Ellenberg et al (2018) arxiv 89 o ‘e



(2) Identifying all cells in the IDR

Biomolecular
Resources

Genes Compounds  Cell Lines

Imaging
Domains

Controlled
Vocabularies

Phenotypes Ground Truth

/

Studies with author ROls:
0001*, 0002, 0012, 0013, 0015, 0016, 0033-0038

91 o @
[ X J



(2) Identifying all cells in the IDR data

Biomolecular
Resources

Genes Compounds  Cell Lines
Imaging
Domains
Controlled ﬂ
Vocabularies
Phenotypes Ground Truth
1771
Analytical @ ol o>
Results ol

Features Workflows

92 ....
L X J



(3) Enabling independent IDRs

S 3

EBI / EuBI CORBEL
Human
Cell Atlas : :
Digital

Pathology

94 .‘..
L X J



(3) Enabling independent IDRs

O memesn s i e Ve e ahidl source openstack-credentials.env

DR | deployment @unwatch> 2 dstw 0 Yrork 7
< Cade es M

ansible-galaxy install -r requirements.yml

master = deployment | README.md Findfile  Copy path

B anics g ratara, g, premet

ansible-playbook $details \
openstack-create-infrastructure.yml

ne Image Data Res
from published scie
and these document

ansible-playbook $details \
idr-00-preinstall.yml idr-01-install.yml \
idr-03-postinstall.yml

TASK [nginx-proxy : nginx | copy proxy ssl certificate] *****¥¥srisiisisssisss
changed: [test-gateway]

Ansible 2.3

connections you c:

TASK [nginx-proxy : nginx | copy proxy ssl certificate key] ******¥sssssssssssss
Documents changed: [test-gateway]

nes for provisioning compute, storage and network resources for hosting the IDR, on virtual or

TASK [nginx-proxy : nginx | start service] **¥¥#*sssssssssssssssssssssssssssesss
changed: [test-gateway]

on how ta install the IDR using Ansible

and deploy the IDR on OpenStack.

nistration of the IDR

RUNNING HANDLER [nginx : restart nginx] #**##sssssssssssssssssssssssssssssssssss
changed: [test-gateway]

Monitaring: Monitoring the IDR

PLAY RECAP **# ittt ettt ettt e e e ek ke e e ke e ey

) localhost : changed=9 unreachable=0 failed=0
o ' . test-database - changed=1@ unreachable=@ failed=f
y H test-gateway : changed=19 unreachable=0 failed
https'//glthub'Com/IDR/deploymen test-omero : changed=49 unreachable=0 failec A
t

-

- ANSIBLE
“ema=" :a platform

-

95 ....
L X J



The IDR is ...

pppppppppp

Primary Interactors.

Publicly available cross-linked studies

collected from and for the community

and curated into a single, scalable OMERO

which you can explore in the cloud

(or on your own hardware).

96 .‘..
L X J






Public service announcement

® ® < Home | Open Microscopy Env X

& C { @& Secure https://www.openmicroscopy.org Q

e OME

https://www.openmicroscopy.org/artwork/

ABOUTUS ¥ NEWS ¥ PRODUCTS ¥ SUPPORT DOCs EXPLORE

OME TEAMS

CONTRIBUTORS

2018
COMMERCIAL
PARTNERS v

LICENSING

CITING OME Hé!l!gs Meeting

ARTWORK
May 3

Othtojune 1stinDundee! . I I I

See the schedule

The Open Microscopy Environment

OME is a consortium of universities, research labs, industry and developers producing open-source software and

format standards for microscopy data.

Learn More

98 .. ..



Public service announcement

o ® <« OME Artwork | Open Microscc x e

& C ) @ Secure https://www.openmicroscopy.org/artwork/ Q %

(X
L O M E ABOUTUS ¥ NEWS ¥ PRODUCTS ¥ SUPPORT  DOCS EXPLORE
(X J

OME Artwork

We've put together some assets so you can use our logos to link to our work and acknowledge us in presentations.

oo o0
e eOME e o
oo o0

& N >
100 —

\ W 4 O

Download Products Logos & Marks

(¢

99 ....
L X J
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