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Congenic Strategy
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Why hasn’t it worked?

• Small effect size
• No recognizable molecular signature
• Multiple linked genetic effects
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Approaches

• Collaborative cross
• In silico mapping
• Outbreds
• ENU/Knock outs



Collaborative Cross







In silico mapping





Sequence differences among 
inbred strains must be consistent 

with genetic action



Genetic effect (or QTL)

Sequence differences among 
inbred strains must be consistent 

with genetic action





In silico mapping

• Genetic relatedness of strains







Model Median logP 
No genetic component 4.1



Model Median logP 
No genetic component 4.1
Infinitesimal model accounts for 
50% of variance 21.5
Single QTL explaining 50% 
variance 14.3
Ten 5% QTLs 9.96





Outbreds



Heterogeneous stocks
A/J AKR/J BALB/cJ C3H/HeJ C57BL/6J CBA/J DBA/2J LP/J
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for 50 generations
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LD Structure





mean red cell volume



Degree of relatedness: human 
population

Bioinformatics 17:742-743, 2001, Abecasis et al



Degree of relatedness: HS 
population



http://gscan.well.ox.ac.uk/



P = 0.00000016

Negative Log P = 6.4

LOD = 4.4
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Genetic architecture



High throughput phenotyping facility



Open Field



OFA Tracking



Elevated Plus Maze
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Elevated Plus Maze



Startle



Food hyponeophagia 
(reluctance to try new food)



Plethysmograph



Plethysmograph



Intraperitoneal Glucose Tolerance Test



Test Measure Test Measure Test Measure
Open Field Arena         Plethysmography               Immunology                  

Total Activity PenH Difference %B220+

Center Time Respiratory rate (baseline) %CD3+

Latency Tidal volume  (baseline) %CD4+

Faecal Boli Tidal minute volume  (baseline) %CD8+

Activity and defecation Inspiratory time  (baseline) CD4+/CD8+

Elevated Plus Maze      Expiratory time  (baseline) %CD4+/CD3+

Closed Arm Distance Enhanced pause (baseline) %CD8+/CD3+

Open Arm Distance Respiratory rate (metacholine) %NK cells
Closed Arm Time Tidal volume  (metacholine) Haematology                    
Open Arm Time Tidal minute volume  (metacholine) Haematocrit (%)
Closed Arm Entries Inspiratory time  (metacholine) Haemoglobin (g/dL)
Open Arm Entries Expiratory time  (metacholine) Mean cellular volume(fL)
Open Arm Latency Enhanced pause (metacholine) Platelets (n/uL)

Food Hyponeophagia           IPGTT Red blood cell count (n/uL)
FN Latency AUC-G (mg/dL) White blood cell count (n/uL)

New home-cage activity    DG (mg/dL) Basophils
Total beam breaks (30 minutes) Glucose 0 (mg/dL) Monocytes
Total beam breaks (First five minutes) Glucose 15 (mg/dL) Mean platelet volume (fL)
Total beam breaks (Last five minutes) Glucose 30 (mg/dL) Neutrophils
Fine Movement Glucose 75 (mg/dL) Mean cellular Hb conc. (%)

Species-typical behaviour    K (glucose slope) Red cell distribution width
Pellets Burrowed AUC-IRI (ng/ml) Mean corpuscular haemglobin (pg)

Context Freezing               DIRI (ng/ml) Lymphocytes
Minutes freezing Insulin Slope Plateletcrit (%)

Cue Conditioning              Insulin 0 (ng/ml) Biochemistry
Minutes freezing during cue Insulin 15(ng/ml) Alkaline phosphatase (U/l)
Minutes freezing after cue Insulin 30 (ng/ml) Alanine transaminase (U/l)
Fecal boli Insulin 75 (ng/ml) Aspartate transaminase U/l)

Fear potentiated startle  DIRI/DG Albumin (g/l)
Startle response AUC-IRI/AUC-G Calcium (mmol)
Change in startle after training Chloride (mmol)

Creatinine (mmol)
High density Lipoproteins  (mmol)



http://gscan.well.ox.ac.uk

843 QTLs identified for 97 phenotypes



Genetic architecture

• Genetic effect sizes





 

          Behavioural QTLs         Non-Behavioural QTLs 



• The distribution of QTL effect sizes is the 
same for all phenotypes
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• The distribution of QTL effect sizes is the 
same for all phenotypes

• The number of QTLs detected correlates 
with the heritability





• The distribution of QTL effect sizes is the 
same for all phenotypes

• The number of QTLs detected correlates 
with the heritability

• Detected QTLs explain about 75% of the 
heritability



Genetic architecture

• Genetic effect sizes: small
• Environmental interactions







Covariates
• Age
• Apparatus
• Number of animals in a cage  (cage density)
• Experimenter 
• Litter size 
• Season
• Month
• Hour





Genetic architecture

• Genetic effect sizes: small
• Environmental interactions: many
• Sex
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Genetic architecture

• Genetic effect sizes: small
• Environmental interactions: many
• Sex: less than 20 sex-specific QTLs 
• Epistasis: probably not a lot



Outbreds



MF1 Mice



Analysis carried out by me
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Pseudo-random mating
for 50 generations

Heterogeneous stocks
A/J AKR/J BALB/cJ C3H/HeJ C57BL/6J CBA/J DBA/2J LP/J



Outbred stocks





High resolution mapping in outbred 
mice

Probabilistic Ancestral Haplotype Reconstruction 
(descent mapping): implemented in HAPPY
http://www.well.ox.ac.uk/~rmott/happy.html



Analysis carried out by Richard
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• Collaborative cross
• In silico mapping
• Outbreds
• ENU/Knock outs





Dominant ENU Screen
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Dominant ENU Screen













Mapping ENU mutants



What is the effect size of a mutant on 
behaviour?



What is the effect size of a mutant on 
behaviour?

~10-20%





Effect size Number of Animals
2 1350
4 682
5 549

10 282
15 194
20 151
21 145
22 139
23 134
24 130
25 125





Deltagen and Lexicon



Phenotype 
No. Sig     
(P <0.05) Pct. Total 

Open Field Activity 39 18.9 206 
Albumin 18 7.1 254 
Alkaline phosphatase 18 7.1 254 
Blood urea nitrogen 23 9.1 254 
Calcium 16 6.3 254 
Cholesterol 26 10.2 254 
Glucose 10 3.9 254 
Hemoglobin 11 4.5 243 
Phosphorous 18 7.1 254 
Platelets 14 5.8 243 
Triglycerides 17 6.7 254 
White blood cells 15 6.2 243 
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• Collaborative cross
• In silico mapping
• Outbreds
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