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Global Phenotyping - The Context

0 The function of the majority of the genes in the
mouse (and human) genomes is unknown

d We are remarkably poor at predicting the
functions of genes — pleiotropy will be key to
understanding systems

0 KOs have been generated and analysed in only
some 30%06 of mouse genes

4 Data for these genes is patchy — and is dependent
on the experience and interests of the
Investigator
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2004 International KO
Mouse Consortium (IKMC) @~ " &

“...a high-throughput international
effort to produce...knockouts for all
mouse genes, and place these
resources into the public domain.”

COMMENTARY NatGenet. 2004 Sep;36(9):925-7.

The Comprehensive Knockout Mouse
Eloject Consoronm® 5 vOLuMERe [ HUMBR 9 SEPTEMAER 2001 The European dimension for the mouse genome mutagenesis program.
a Auwerx J, Avner P, Baldock R, Ballabio A, Balling R, Barbacid M, Berns
The KHOC kout MOUS@ PrOJeCt A, Bradley A, Brown S, Carmeliet P, Chambon P, Cox R, Davidson D, Davies
K, Duboule D, Forejt J.Granucci F, Hastie N, de Angelis MH. Jackson |, Kioussis
Mouse knockout technology provides a powerful means of elucidating gene function in vivo, and a publicly available D, Kollias G, Lathrop M, Lendahl U, Malumbres M, von Melchner H, Miiller

genome-wide collection of mouse knockouts would be significantly enabling for biomedical discovery. To date, published — ' ; -
knockouts exist for only about 10% of mouse genes. Furthermore, many of these are limited in utility because they have W, Partanen J, Ricciardi-Castagnoli P,Rigby P, Rosen B, Rosenthal N, Skarnes
not been made or phenotyped in standardized ways, and many are not freely available to researchers. It is time to harness B, Stewart AF, Thornton J, Tocchini-Valentini G, Wagner E, Wahli W, Wurst W.

new technologies and efficiencies of production to mount a high-throughput international effort to produce and
phenotype knockouts for all mouse genes, and place these resources into the public domain.

8,500 Targeted KOs 8,000 Targeted KOs

16,500 Total KOs
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EUCOMM Tools will add an additional 3,500 targeted Kos (single exon), take up to 20,000 KOs


IKMC have produced =10,000 KO ES cell lines

(www.knockoutmouse.org)

Welcome to the IKMC

) iy

LERLS: L1

a
Tsm
The Intematicnal Knockout Mouse Consortivm {IKMC) sims to mutats 3l protin-
coding genes in the mouse using gene trapping and gene targeting in CETELS ES
cels. Resd mare...

Download the IKMC Gene List
View targeting strategies
View all allele types

Advanced Sear

Search or Browse

Eearch IKMC databsss
Enfier gene symibals, gene I0s or genome kocation

2. Adantl, Fax, ENSMUSGI00MI2006T, Chrf3 222707 30-223 11060
[ieoordinates from MCB mouse genome assemialy 37)

ch

Browse |[KMC databszs
Lis the fllowing ks i Arowss genas

Browse by Gene Symbal

Browse by Chromosome

Status

ES Cell Lines Progress

IKMC Gene Progress Summary 4

2466 KOMP

Total Genes EUCOMM | MorCOMM TIGH
C5D Regenercn
Project goal EO00 3500 8000 500 -
W 15269 Geny Vectors generated E418 4557 il TaT c
Vectors available EBaT 1326 G264 a7 -
E5 cells generated 4012 2421 4583 T -
) . ) ) E5 cells available 72 1755 4583 a7 il
Mumber of protein coding genes with mutant

ES cell lines in the [KMC resource Mutant mice generated Pl 280 473 3 43
Mutant mice available 258 iT8 475 3 43

Wigw details about this table  View details sbout the acronyms wsed

PC



IMPC Alleles o
IKMC - EUCOMM/ZKOMP @~ " ®

Knockout-first, conditional-ready allele:

tmila FRT loxP @ FRT loxP loxP

tmld

Nature, July

l Cre See Skarnes et al.
. »

BL/6N ES cells
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Neo driven by the bActin promoter (constitutive).  LacZ is an En2 splice acceptor-IRES ribosomal internal initiation sequence-lacZ reporter coding cassette.

Standard Flpe source is beta-actin transgene for constitutive expression of flp. 


Post IKMC: Tier 1 Phenotyping

Specialized
phenotyping

Tier 2 phenotyping PI Driven
|

Tier 1 phenotyping IMPC (2011-21)
Tissue expression analysis ARRA (2010-11)

Knockout mice

EUMODIC (2008-11)

AT, | TkMe (2006-11)

Mouse genome sequence -

F.S. Collins, 2007, Cell 128: 9-13.
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IMPC History

U Community workshops: Rome in 2007, Bar Harbor and
Toronto in 2008

4 to establish vision for an IMPC & discuss international,
coordinated phenotyping efforts

U Medical Research Council/Wellcome Trust workshops in
Nov 2008 and Oct 2009
0 to engage UK scientific community

U NIH Phenotyping meeting, Bethesda October 2009
(survey)

U Pilot projects

0 EC—funded EUMODIC (Helmholtz, Munich; ICS, Strasbourg, MRC
Harwell, WTSI) project

0 MGP Project (WTSI)

www.mousephenotype.org I M PC



EUMODIC (www.eumodic.org) @@g

Undertake a major pilot programme
O Utilise standardised phenotyping pipeline - EMPReSSslim
4 Analysis of 500 IKMC (EUCOMM) mutants

EU Framework Funded
U 4 Major Mouse Infrastructures

Assess the utility and efficiency of broad-based primary
phenotyping of KO mice

O Logistics of mouse production and phenotyping
O Utility of assays (identifying disease models)
4 Sensitivity of assays (number of mice)

4 Capture, disseminate and build on rich phenotypic
Information

www.mousephenotype.org I M PC



Mouse clinics
Helmholtz, Munich
ICS, Strasbourg
MRC, Harwell
Sanger, Hinxton

EUMODIC Workflow

m) |cterozygotes

7 males

7 females

—)

\V

Homozygotes

viable
Non-viable homozygotes
homozygotes
Primary e e
Phenotyping [ Eem— T
EMPReSSslim |« - £



EMPReSSslim Primary Phenotyping Pipelines

9 weeks 10 weeks 13 weeks
Morphology — [setmraere Vacant SI|r:§-':-$d
Metabolism
10
i [ 10
m . 15/16 weeks
= on-invasive fors
2= | Cardiovascular Blood Pressure bt
g 11 weeks 12 weeks
o Bone
_—— 9 weeks
Open field o
Neuro- E 13 weeks
behavioural g A
Medified Acoustic Startle Ophthalmoscope Fasted Bleed
& Sensory SHIRPA Rotarod % PPI Hot plate & Slit Lamp
N Grip 14 weeks terminal bleed
Strength
Q
C 15 weeks
E Haematology & @ : Haematology @
O | clinical chemistry 19
- —
o,

20 phenotyping platforms | (FE8& &

blood cells

Allergy/lmmune

Immunoglebulin

406 phenotype parameters | ===

155 metadata parameters




EUMODIC Summary: 4\@0

d 500 lines committed to the pipeline == GLT
or beyond

1 Data for 370 lines entered into EuroPhenome

4 All lines available through EMMA

d Phenotyping finishes January 2012
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EuroPhenome
(www.europhenome.org)

ﬁ% Europhenome Mouse Phenotyping Resource

Home | PhenoMap | OMIM Phenotype Mapper | Ontology Tree | Contact Us Enter keyword to search m

Gene search Phenotype search
Find Gene: Find MP Term:
Q. Akt2 eg. abnormal glucose homeostasis
+ Advanced Search Options + Advanced Search Options

Europhenome Tools

Baseline Data Viewer for inbred strains "."“l- View all mutant strains in progress or completed
- A by Eumodic

) ) ’ OMIM Phenotype Mapper Mine Europhenome
View Phenomap Graphical representation of OMIM Phenotype Mapper
statistically significant phenovariants o Bri‘se;‘rﬁtgge data using Human Genes and

Ontology Tree Mine for a Mutant by MP
phenotype ontology tree

Access Europhenome data with Biomart The
common database access format

About Europhenome

] ] Europhenome Data
The EuroPhenome project provides access to raw and annotated mouse

phenotyping data generated from primary pipelines such as EMPReSSlim Mutant Strains 349
and secondary procedures from specialist centres. Mutants of interest can Inbred Strains g
be identified by searching the gene or the predicted phenotype. Hice 2003
? Help . EMPReSS Drata Points 5,971,192
Annotations 2,420
< ContactUs (@ EuMODIC
Last Update 2011-05-31

R / wellcomne trust ™ et |
@ i @ Blsanger #uwe. € GEHED )




Distribution of Phenotype Annotations @
(P<10%) in EuroPhenome N

100

d Currently 370 lines In
% EuroPhenome

70 d 69206 of lines have an
60 annotated phenotype

50

d 599%06 >1 annotation
Pleiotropy Is revealed

40

30

20

Number of lines with that many
annotations

10

[ I
o WAL ||IIII|I|““|||I|II| I A0l x sn Maw o R .

0O 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56
Number of annotations
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Distribution of Phenotype Annotations @
Viability ot "

d 80% of lines have an annotation including
viability and fertility

Viability %

Lethal 34

Sub-viable 12

Viable 54
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Distribution of Phenotype Annotations by
Zygosity

” O Homs 73%06 lines annotated
1 Hets 65%0 lines annotated

® Homs
m Hets

annotations
w
o

N
o

Number of lines with that many

=
o

o ,,”I‘,",IIJI,I, ||||||I|||||||.||.|.| || PPN VR D

0 2 4 6 8101214161820222426283032343638404244464850525456
Number of annotations
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Distribution of Phenotype Annotations @
Homs vs Hets ot

d 38 lines analysed for both hets and homs

Zygosity Number of Number of
annotations |lines

Hets 53 38
Homs 173 38
Overlap 11 5

d Limited overlaps of hom and het phenotypes

www.mousephenotype.org I M PC



Example line with multiple annotations and
Nno available annotations

U Srsf4 (serine/arginine-rich splicing factor 4)
0 Not annotated in MGl

U Uncertain gene function, a probable role in
alternative splice site selection during pre-mRNA
splicing

U Annotated to a number of body systems:

U Reduced RBC count, haemoglobin concentration,
haematocrit across sexes and zygosities

O Much lower Grip Strength in both sexes
1 More subtle changes in Calorimetry and Opthalmoscope

www.mousephenotype.org I M PC




Body weight analysis @

Mo®

d 14 of all lines have a body weight phenotype

1 91.7%0 of these lines are also annotated to
another parameter

d61.92%6 of all lines In EuroPhenome are
annotated to a non-body weight parameter

d Body weight is potentially an indicator of
additional phenotypes rather than a specific
body weight phenotype

www.mousephenotype.org I M PC
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Number of Annotations per top level
ontology term
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Rationale
An Encyclopaedia of Mammalian Gene Function

Supporting a broad phenotyping effort would provide the
following advantages:

O A single cohort of mice would go through multiple phenotyping
assays, so the cost of producing multiple cohorts in different
laboratories for phenotyping would be eliminated.

0 Each mutant mouse strain would be characterized for a broad set
of phenotypes in a way that will allow direct comparisons and
result in a more thorough description of gene function.

0 Quality standards will be established and maintained, so the data
will be of the highest reliability.

O The risk of not finding a phenotype will be greatly reduced.

O Important, but unpublishable, negative results will be captured.

www.mousephenotype.org I M PC



Future Vision
An Encyclopaedia of Mammalian Gene Function

d Build a resource of KO mice and associated encyclopedia
of gene function, in a cost efficient and robust manner

d Free thousands of researchers from tool generation

d Uncover unforeseen novelty in mammalian gene
function

d A rich seam for future hypothesis driven research, with
the potential for breakthrough discoveries

d A transformative project that will underpin the future of
biomedical science and the biology of disease systems

www.mousephenotype.org I M PC



IMPC Activities

U Undertake broad based primary phenotyping of 20,000
mutants from the IKMC resource

1 A coordinated effort of mouse clinics worldwide

U Phase 1 (2011-2016): phenotype up to 5,000 lines
U Pipeline development, logistics
U Phenotyping technology developments e.g. imaging
U Ramp up

U Phase 11 (2016-2021): Phenotype 15,000 mutants

U Data freely available through a Data Coordination
Centre, supported by R&D groups at clinics

www.mousephenotype.org I M PC



« EU, North America, Asia

International Mouse _ _ _
« Co-ordinated Funding & Operations

Phenotyping Consortium (IMPC)

« Industry Access

« Centralised Data QC and Standards
Data Centre « Analysis & Annotation Tools
/ | \'lnternational Research Scientists

Centralised Centralised
Production Production
Phenotyping Phenotyping
Centre Centre

« Make and Breed 20,000 KO
Strains of Mice

Centralised
Production « Common Phenotyping Pipeline

S 7eIeM . Archive/Distribute Strains
Centre

« 1-2 Centres/Country

// / \ \\ il
Specialist Labs
Diabetes CVvD Dev Biol Neuro Muscular Cancer - High Content
Obesity COPD Immune B Behavior skeletal Imaging Phenotyping

« Sensitized Screens



S IMPC

International Mouse Phenotyping Consortium

MRC Harwell
Sanger Institute
EBI
Toronto Centre for Phenogenomics (TCP) Helmholtz Zentrum Munich (GMC)
Riken BRC (JMC
Children’s Hospital Oakland Jackson Lab (g CNR Monterotondo (IMC) fans HRE)
: s s
Research Institute l) ® of®
T Charles River Laboratories Institut Clinique de la Souris (ICS) (?
UC Davis MARC
National Institutes of Health (NIH)

Baylor College of Medicine

Australian Phenomics Network

www.mousephenotype.org
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14 Partners to date, more preparing to join.  Industry opportunity as well.


IMPC

22 Academic, Government Institutes

U0

U000

MRC Harwell (Steve Brown, current Chair
Steering Comm.; Tom Weaver)

Sanger Institute (Allan Bradley, Dave Adams,
Karen Kennedy)

NIH KOMP2
O BASH, Baylor (Monica Justice)

0 DTCC (UC Davis (Kent Lloyd), TCP,
Charles River, Children’s Hospital
Oakland R1)

0 Jackson Lab (Karen Svenson)

Toronto Centre for Phenogenomics (Colin
McKerlie)

Helmholtz Zentrum Munich (Martin Hrabe de
Angelis)
Institut Clinique de la Souris (Yann Herault)

Australian Phenomics Network (Adrienne
McKenzie)

RIKEN BioResource Center (Yuichi Obata)
MARC (Xiang Gao)

CNR (Glauco Toccinni Valentini)

EBI (Paul Plicek)

Secretariat (Mark Moore, Executive
Director; Joerg Rossbacher)

FUNDERS

MRC (Nathan Richardson, Clare
Newland)

NIH (Jane Peterson, Eric Green, Jim
Battey, Colin Fletcher, Martin Guyer)

Wellcome Trust (Michael Dunn, Clare
McVicker)

Infrafrontier (Martin Hrabe de
Angelis)
Genome Canada (Cindy Bell)

European Commission (Observer
status)

Canadian Institutes of Health
Research, CIHR (Jane Aubin)

www.mousephenotype.org
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« EU, North America, Asia

International Mouse _ _ _
« Co-ordinated Funding & Operations

Phenotyping Consortium (IMPC)

« Industry Access

« Centralised Data QC and Standards
Data Centre « Analysis & Annotation Tools
/ | \'lnternational Research Scientists

Centralised Centralised
Production Production
Phenotyping Phenotyping
Centre Centre

« Make and Breed 20,000 KO
Strains of Mice

Centralised
Production « Common Phenotyping Pipeline

S 7eIeM . Archive/Distribute Strains
Centre

« 1-2 Centres/Country

// / \ \\ il
Specialist Labs
Diabetes CVvD Dev Biol Neuro Muscular Cancer - High Content
Obesity COPD Immune B Behavior skeletal Imaging Phenotyping

« Sensitized Screens



IMPC Engagement
MRC Mouse Networks

MRC Mouse Networks incorporate :
Neuro

Obesity and Diabetes
Ubiquitination IMPC (Worldwide)
Bone

Liver
Haematopoiesis

Fibrosis Research
.. Consortia
Vision
Respiratory
abs
Renal

Macrophages
Cardiovascular
Development

MRC Mouse Network

(I Iy Iy Iy Iy Iy Iy Iy Iy Iy Ny Wy
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Phenotyping Working Group

Barca Meeting

d March 2011

U Representatives from
Clinics

4 External Experts

O Secondary Screeners

d Industry

Disease Categories

4 Cardio

U Respiratory

O Metabolism

O Immune and Blood
O Neuro/Behaviour
U Sensory

O Skin

O Musculoskeletal
4 Imaging

O Cancer

O Development

www.mousephenotype.org
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7 M + 7 F Mutant Adult Mice

Weight Curve — 4wk to 16wk

Proposed IMPC

adult
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Proposed IMPC Embryonic Phenotyping
Pipeline

[ IKMC mES cells (B6N) ] 27 Embryos from Sub-viable Lines

I B I l I
. E125 . El5
N
' N

Draft Pipeline — Under Consultation, Report Available
(www.mousephenotype.org)

A

[ Germline transmission ]

v
[ Heterozygotes } subviable { Homozygotes ]—>

<40% expected
homozygous
mutants at weaning

\ 4

[ Homozygotes ]

O >40% expected
Slhomozygous
>|mutants at weaning

v

Adult Phenotyping Pipeline h




Status:
Launch — Sept 28th 2011

MRC Harwell 330
Sanger Institute 1000
NIH - BASH Baylor 830
NIH - DTCC UC Davis 830
NIH - JAX Jackson Lab 830
TCP, Toronto 150
Helmholtz, Munich 250
ICS, Strasbourg 250
Riken BRC 250
MARC, Nanjing 250
CNR, Monterotondo 250

www.mousephenotype.org I M PC



IMPC Informatics

IMPC INFORMATICS Other

Databases

Production
Groups

. ' " Front-end . I
Data access

DCC

ENSEMBL

i searches,
ArCh ve visualgmtion,ialysis
tools portal)

Secondary Research Community
Screens

MPI2
EBI, Harwell, Sanger



Challenges Ahead 1

dDelivering a rich, robust phenotype pipeline that meets the
needs of the community

O Learning from each other
O New assays/new disease areas
O Development pipeline

UAddressing the challenge of aging phenotypes — from
cancer to neurodegeneration

dDelivering to the consortium an effective data acquisition,
data analysis and data dissemination pipeline

O Statistical approaches to annotation

dDevelopment of approaches to describe and map
phenotypes to human disease states

O Working with the ontology community

www.mousephenotype.org I M PC




Challenges Ahead 2

4 Networking with the community
U Ensuring utilisation of data and uptake of resources

U Fostering networks of activity that add value and
understanding

4 Capturing secondary and tertiary phenotyping information
4 Measuring and reporting that activity

4 Bringing the community into the fold
U Incorporation of specialist centres into IMPC e.g. aging
U Implementation of niche, challenge and sensitised screens

d Integration with phenotyping of other genetic reference
populations

4 Link-up with planning for phenotyping in the CC community,
outbred studies

www.mousephenotype.org I M PC




IMPC Critical Steps

dPhenotyping Workgroup

U Agreement and implementation at DCC of SOPs and
parameter sets for adult pipeline

U Test development, validation — cross-talk between clinics
O New tests — new disease/biology areas

U Development pipeline

4 Imaging modalities

dIT workgroup — and associated activities
4 Controls and statistical approaches to annotation
4 Continuing development of analytical tools
d Ontologies and mapping to disease states

www.mousephenotype.org I M PC
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International Mouse Phenotyping Consortium
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TCR

wellcometrust

HelmholtzZentrum miinchen
German Research Center for Environmental Health

s
UCDAVIS

UNIVERSITY OF CALIFORNIA
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-------

)’ .gl‘ison

A [aboratory

C'H-O+R-1

Cdren's Haspital Qahland Research Instiute

National Institutes of Health (USA)

Toronto Centre for Phenogenomics (Canada)

Medical Research Council & MRC Harwell (UK)

The Wellcome Trust Sanger Institute (UK)

Wellcome Trust

Helmholtz Zentrum Munich (Germany)

Institute Clinique de la Souris (France)

UC Davis

European Bioinformatics Institute

The Jackson Laboratory

Children’s Hospital Oakland Research Institute

@ Consiglio Nazionale delle Ricerche

RC
(
S
GenomeCanada

@)
BCM

Baylor College of Medicine

~
charles river

accelerating drug development. exactly.

Consiglio Nazionale delle Ricerche (ltaly)

European Commission (EU)

Infrafrontier (EU)

Australian Phenomics Network (Australia)

RIKEN BioResource Center (Japan)

Genome Canada

Model Animal Research Center (Nanjing)

Baylor College of Medicine

Charles River Laboratories
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