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  Human genes have poor phenotype coverate (~35%) 

  Mouse models available for ~35% of human genes 

  All animal models and human phenotypes linked to >75% human genes. 

 

 

 

Orthology via PANTHER v9 

How much phenotype data? 

Human     Mouse      Rat           Fly         Fish        Worm  



IMPC – the context 

• The function of the majority of genes in the mouse (and 

human) genomes is unknown 

• We are remarkably poor at predicting the function of 

genes – pleiotropy will be key to understanding 

systems 

• KOs have been generated and analysed in only some 

30% of mouse genes 

• Data for these genes is patchy – dependent on the 

interests and experience of the investigator 

• Develop approaches for broad based phenotyping, to 

provide a comprehensive picture of disease states and 

to integrate with human and clinical genetics 



IMPC activities 

• Undertake broad-based phenotyping of 20,000 mutants 

from the IKMC resource 

• A coordinated activity of mouse centres worldwide 

• Phase 1 (2011-2016): Phenotype up to 5,000 lines 

• Pipeline development, logistics 

• Phenotype technology developments 

• Economies of scale 

• Phase 2 (2016-2021): Phenotype 15,000 mutants 

• Business plan in preparation 

• Data freely available through a Data Coordination Centre 

• Mice available through the global network of mouse 

repositories 



www.mousephenotype.org 
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Knockout-first, conditional-ready allele:  

 

See Skarnes et al. 
Nature, 2011 

 
BL/6N ES cells  

IMPC alleles from IKMC 

>15,000 KO ES cell lines 
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Cardiovascular 
 

 
 
 
 
Metabolism 
 
 
 
 

 
 
 
Neurological/ 
Behaviour 
 
 
 

Modified SHIRPA/Dysmorphology 

Grip Strength 

ECG / Echo 

Intraperitoneal Glucose Tolerance Test 

Auditory Brain Stem Response (2+2) 

Body Composition (DEXA) 

X-ray (5 + 5) 

Slit Lamp 

Opthalmoscope 

Hematology Clinical Blood Chemistry 

Insulin Blood Level 

Gross Pathology & Tissue Collection  (2+2) 

Non-mandatory tests 

 Tissue embedding &Block Banking (2+2) 

Heart Weight 

Calorimetry 

Challenge Whole Body Plethysmography 

Acoustic Startle/PPI 

Histopathology (2+2) 
 - from blocks where required 

Tests in 
development or 

under consideration 

Mandatory tests 

FACS analysis – blood/spleen 

Open Field 

Pain Test 

Grip Strength 

Body Composition (DEXA) 

Modified SHIRPA/Dysmorphology 

Weight  

Reproduction Fertility 



IMPC Informatics Team 
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IMPC status: 
Current iMits (October 2014) 

Centre Total Clones Injected Genotype Confirmed Cre excision 
Phenotype started 
(Data in the DCC) 

Baylor 769 371 127 52 

Harwell 603 253 234 159 

HMGU 541 177 117 71 

ICS 128 106 74 59 

JAX 1033 556 354 224 

MARC 83 69 2 15 

Monterotondo 37 17 4 0 

RIKEN 73 34 21 7 

TCP 402 173 78 159 

UCD 1785 520 431 198 

WTSI 1594 733 154 389 

TOTAL 7048 3009 1596 1333 



www.mousephenotype.org 

Click−evoked ABR threshold
Click−evoked ABR waveforms (numerical format)

6kHz−evoked ABR Threshold
6kHz−evoked ABR waveforms (numerical format)

12kHz−evoked ABR Threshold
12kHz−evoked ABR waveforms (numerical format)

18kHz−evoked ABR Threshold
18kHz−evoked ABR waveforms (numerical format)

24kHz−evoked ABR Threshold
24kHz−evoked ABR waveforms (numerical format)

30kHz−evoked ABR Threshold
30kHz−evoked ABR waveforms (numerical format)

Click +20dB waveforms (numerical format)
Click +50dB waveforms (numerical format)

P1−N1 amplitude (at each stimulus level)
P3−N3 amplitude (at each stimulus level)

P1 Latency (at each stimulus level)
N1 Latency (at each stimulus level)
P3 Latency (at each stimulus level)
N3 Latency (at each stimulus level)

P1−P3 Interval (at each stimulus level)
N1−N3 Interval (at each stimulus level)

Response amplitude − BN
Response amplitude − PP1
Response amplitude − PP2
Response amplitude − PP3
Response amplitude − PP4

Response amplitude − S
Response amplitude − PP1_S
Response amplitude − PP2_S
Response amplitude − PP3_S
Response amplitude − PP4_S
% Pre−pulse inhibition − PPI1
% Pre−pulse inhibition − PPI2
% Pre−pulse inhibition − PPI3
% Pre−pulse inhibition − PPI4

% Pre−pulse inhibition − Global
Total food intake

Respiratory Exchange Ratio
Total water intake

Sodium
Potassium

Chloride
Urea (Blood Urea Nitrogen − BUN)

Creatinine (enzymatic method preferred)
Total protein

Albumin
Total bilirubin

Calcium
Phosphorus

Iron
Aspartate aminotransferase

Alanine aminotransferase
Alkaline phosphatase

Total cholesterol
HDL−cholesterol

Triglycerides
Glucose

Fructosamine
Alpha−amylase

LDL−cholesterol
Free fatty acids

Glycerol
Creatine kinase

Magnesium
Cholesterol ratio

Fat mass
Lean mass

Bone Mineral Density (excluding skull)
Bone Mineral Content (excluding skull)

Body length
BMC/Body weight
Lean/Body weight

Fat/Body weight
Bone Area (BMC/BMD)

HR
CV
RR
PQ
PR

QRS
ST

QTc
HRV

QTc Dispersion
Mean SR amplitude

Mean R amplitude
rMSSD

pNN5(6>ms)
Forelimb grip strength measurement mean

Forelimb and hindlimb gr ip strength measurement mean
Forelimb grip strength normalised against body weight

Forelimb and hindlimb gr ip strength normalised against body weight
White blood cell count

Red blood cell count
Hemoglobin
Hematocrit

Mean cell volume
Mean corpuscular hemoglobin

Mean cell hemoglobin concentration
Platelet count

Mean platelet volume
Red blood cell distribution width

Neutrophil differential count
Lymphocyte differential count

Monocyte differential count
Eosinophil differential count

Basophil differential count
Heart weight

Insulin
Whole arena resting time ser ies

Whole arena average speed series
Periphery distance travelled series

Periphery resting time series
Number of Rears

Whole arena resting time
Whole arena average speed
Periphery distance travelled

Periphery resting time
Periphery permanence time

Periphery average speed
Center distance travelled

Center resting time
Center permanence time

Center average speed
Latency to center entry

Number of center entr ies
Distance travelled − total

Number of rears − total
Percentage center time

Periphery permanence time series
Periphery average speed series
Center distance travelled series

Center resting time ser ies
Center permanence time series

Center average speed series
Number of caudal vertebrae

Tibia length
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Auditory Brain Stem Response

Acoustic Startle and Pre−pulse Inhibition (PPI)

Indirect Calorimetry

Clinical Blood Chemistry

Body Composition (DEXA lean/fat)

Electrocardiogram (ECG)

Grip Strength

Hematology

Organ Weight
Insulin Blood Level

Open Field

X−ray

IMPC 

Reference 

Lines 



impc.org   mousephenotype.org IMPC portal    





Follow genes of interest Follow genes you are 

interested in  
IMPC will send an email when 

new data is published 

• 1100 registrations 

• 2867 genes 

• Average 3 genes per 

person 

 

 



The ignorome – annotating genes with no 

known function 

Elmod1 
Belongs to the large 

class of genes 

expressed in the brain 

for which there is no 

functional information 





Gene Page 







Nbr1tm1b/tm1b Neighbour of Brca1 gene 1 

Decreased ability to clear glucose 
(males and females). Expression 
seen in a broad range of organs, 
including brain, pancreas, pituitary, 
thyroid and parathyroid glands 



 Number of Lines : ~30% to go through the Embryo Pipeline 

Adult 
Pipeline 

E12.5 

Viable 

Non-Viable 

Line: X Viability Primary Screen 

E9.5 E18.5 

Phenotype Phenotype E15.5 

Phenotype 

Phenotype 
If Possible 

Phenotype 
If Possible 

IMPC – Embryonic Lethal Triage Pipeline 



Viable @ E12.5 

Viability & 

Morphology with microCT @ E14.5 

Morphology with microCT @ E18.5 

No obvious defect 

@ E14.5 

Perinatal lethal 

Viability & 

Morphology with OPT@ E9.5* 

Non-Viable  

@ E12.5 

* count reabsorptions 

Lydia Teboul 

Sara Johnson 

James Cleak 

Zsombor Szoke-Kovacs 

Harwell: Triaging strategy for viability and morphology 

screen of embryonic lethal lines 



Jmjd5tm1b 

 

Itga2tm1b 

 

Fam63atm1b 

 

Emc10tm1b 

 

Elmod1tm1b 

 

Eaf1tm1b 

 

Ccdc111tm1b 

 
Ap5s2tm1b Il17rdtm1b 

 

Mllt3tm1b 

 

Cib2tm1b 

 

Gja8tm1b 

 

Analysis of expression patterns at E12.5 

Over 130 lines characterised so far 



OPT 

Optical Projection 

Tomography 

(E8.5 to E12.5) 

microCT 
micro Computed 

Tomography 
(E12.5 to E18.5) 

Two imaging platforms 



tm1b/tm1b 
 
 

Map3k7tm1b 

E9.5 

+/tm1b 
 
 

Atg3tm1b 

E14.5 

tm1b/tm1b 
 

+/+ 
 

Slc39a8tm1b 

E14.5 

tm1b/tm1b 
 

+/tm1b 
 

Sirt1tm1b 

E18.5 

tm1b/tm1b 
 

+/tm1b 
 

A B 

D C 

Examples of new phenotypes: Screen identified 4 mutants lines  

with abnormal cardiac morphology so far 



Klhdc2: embryonic lethal with multiple defects 

hom het 

hom het 

hom het 

hom het 



Numerical annotations by sexual dimorphism 

status, using p < 0.0001 

Class Number % of Hits 

Hits where 2 genders analysed 3378 100.00% 

Which were classified a 

Hits equal across sexes 2874 85.08% 

Hits with sexual dimorphism 504 14.92% 

These could be classified as 

Hits 1 sex only 307 9.09% 

Hits sex different magnitude 92 2.72% 

Hits sex different direction 99 2.93% 

Hits unclassified dimorphism 6 0.18% 



Percentage of hits that are sexually dimorphic by 

top level term 

0 

0,05 

0,1 

0,15 

0,2 

0,25 

0,3 

0,35 

0,4 

0,45 

0,5 



Zfyve28 knockout show opposite direction of bone mineral density change 

(skeleton phenotype), and males only have significantly increased 

albumin concentration (homeostasis/metabolism phenotype) 

 



New Gene Heatmap – zygosity and sexual 

dimorphism illustrated 

 



 



 

 



IMPC and the Rare Disease Community 

Number of RDGenes with any phenotype data on portal: 248 

Number of RDGenes with a cre-ex (tm1b) mouse or better: 417 

Number of RDGenes with a genotype confirmed (tm1a) mouse 

or better: 877 

Number of RDGenes with any mouse production or better: 

1151 

Number of RDGenes with any intention of mouse production 

via IMPC: 2185 







Where do we go from here? 
 “Phase 2” (2016-2021)…’completing’ the mouse genome 
 ~12,000 new mutant mouse lines over 5 years 
 Less costly per mutant than Phase 1 

 

 Significant, fully-validated resource for research community… 
 reagents, tools, SOP’s, data, information, expertise 
 highly quality controlled (e.g., gender balance) processes 
 ensures reliability and reproducibility throughout 
 foundation of infrastructure, capacity, and capability 

 

 Metabolomics profiling of select KOMP2 lines by KOMP2-BaSH 
 

 Adopt CRISPR/Cas9 genome editing technology 
 

 New, data-rich, intense phenotyping platforms 



Launchpads 

 Technology development 

 

 Leveraging NIH programs  

  

 Rare, Undiagnosed Disease Models  

 

 Coordinating with other CF Projects 

 

 Mouse “Networks” for follow-up phenotyping 

 

 “Innovation at the edge”…annotating unannotated genes  

Phenotyping Embryonic Lethal Knockout Mice (R01) 
(PAR-13-231) 
Eunice Kennedy Shriver National Institute of Child Health and Human Development 

MRC 

2i media, Permeable Cre, “Prefect Host” blastocyst  



CRISPR Cas9 

Slide courtesy KOMP2-JAX 



 

Future Developments: CRISPR/Cas9 

 Pilots underway at IMPC centres to inform future planning 

 Pronuclear/cytoplasmic injection; breeding of F0 

 Exon deletions; introduction of loxP sites 

 Development of a STANDARDISED, HIGH QUALITY ALLELE 

 

Future Developments: Phenotyping 

 A step change in phenotyping for Phase 2 

 More data per animal, complex longitudinal data, lower cost 

 Use of home cage monitoring, telemetry, biomarkers, imaging 
approaches, histopathology, ageing 

 

 
 

IMPC Future Developments 



 IMPC is set to deliver 5,000 mouse lines and associated 
phenotype information by 2016 

 

 Phenotype data from the first 1300 phenotyped lines is 
available at www.impc.org  

 

 Plans for Phase 2 of IMPC, to finish the genome, are being 
developed 

 

 The Catalogue of Mammalian Gene Function, developed by 
IMPC, and the associated mouse resources will be truly 
transformative for biology and biomedical sciences 

 

 

 

IMPC Conclusions 



Korean Mouse Phenotyping Centre 

http://www.kribb.re.kr/


MPI2 Informatics Group  

• MRC Harwell 

 

• Andrew Blake 

• Armida Di Fenza 

• Duncan Sneddon 

• Gagarine Yaikhom 

• Henrik Westerberg 

• Luis Santos 

• Hugh Morgan 

• Natalie Ring 

• Tanja Fiegel 

• Hilary Gates 

• Ann-Marie Mallon 

• Welcome Trust 

Sanger Institute: 

• Natasha Karp 

• Richard Easty 

• Robert Wilson 

• Peter Matthews 

• David Melvin 

• Vivek Iyer 

• Bill Skarnes 

• Damian Smedley 

• Anika Oellrich  

• Jules Jacobsen 

 

 

• European Bioinformatics 

Institute: 

• Chao-Kung Chen 

• Jeremy Mason 

• Jonathan W.G. Warren 

• Natalja Kurbatova 

• Ilinca Tudose 

• Terry Meehan 

• Phil Wilkinson 

• Helen Parkinson 

• Paul Flicek 


