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Why Mice? 



Human-Mouse Orthology 



Genes Environment 

Physiology 



What are Laboratory Mice? 







Genetic Diversity in 100 Inbred Strains 

Yang et al Nat. Gen. 2007, 2011 







Why didn’t I see this adverse effect in my mouse model? 



 Our monogamous(e) relationship with C57BL/6J. 

I’ve always admired your consistency. 

You’re going to study other mice, aren’t you? 



The Collaborative Cross 



Founder Strains of the CC 

Brynn Voy 







Diversity Outbred Mice 



The Diversity Outbred (DO) heterogeneous stock. 

Collaborative Cross 
Funnel 

Diversity Outbred 
…

 

Pre-CC mice  
from 144 different 

funnels 

Random Outbreeding 





DO are genetically and phenotypically diverse 



Randomized Outcrossing & Balanced Selection 



Accumulation of Recombination in DO Mice 



Transmission Ratio Distortion 
in the DO 

Elissa Chesler 
Dan Gatti 
Fernando 



Founder allele frequencies across the genome 

Generations 3 – 9, averaged 



The WSB allele on Chr 2 was increasing with 
each generation 





Fixing the DO in two generations! 



Purging the WSB allele 





Figure 2. A large copy number gain is present in strains with maternal TRD. 

Didion JP, Morgan AP, Clayshulte AMF, Mcmullan RC, Yadgary L, et al. (2015) A Multi-Megabase Copy Number Gain Causes Maternal 
Transmission Ratio Distortion on Mouse Chromosome 2. PLoS Genet 11(2): e1004850. doi:10.1371/journal.pgen.1004850 
http://127.0.0.1:8081/plosgenetics/article?id=info:doi/10.1371/journal.pgen.1004850 

http://127.0.0.1:8081/plosgenetics/article?id=info:doi/10.1371/journal.pgen.1004850


DO QTL 
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Genetic Mapping in the DO 

Genotyping Arrays Hidden Markov Model Genome Reconstruction 

Linkage and Association: 



High-density Array Genotyping 



Building an individualized diploid genome. 
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genotypes 

Munger et al., submitted 



Reconstructed DO Genome 

A/J 
C57BL/6J 

129S1/SvImJ 
NOD/ShiLtJ 

NZO/LtJ 
CAST/EiJ 
PWK/PhJ 
WSB/EiJ 



8 Haplotype States 
A/J 
A 

BL6 
B 

129 
C 

NOD 
D 

NZO 
E 

CAST 
F 

PWK 
G 

WSB 
H 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 

A A A A A A A A B B B B B B B C C C C C C D D D D D E E E E F F F G G H 

A B C D E F G H B C D E F G H C D E F G H D E F G H E F G H F G H G H H 

36 Diplotype States 



Allelic Dosage 

AA AB AC AD AE AF AG AH BB BC BD BE BF BG BH CC CD CE CF CG CH DD DE DF DG DH EE EF EG EH FF FG FH GG GH HH 

0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

A B C D E F G H 

0 1 0 0 0 0 0 0 

0 0.5 0 0 0 0 0 0.5 

0 0.5 0 0 0 0 0.25 0.25 

These collapse to 8 founder allele dosages. 
 

For each mouse at each SNP, we have 36 diplotype probabilities. 



Additive Genetics Effects in an F2 

Y = µ + 2β 

Y = µ + β 

Y = µ  

Y = µ + βg 

where g is “dosage” of the B allele  



Additive Genetic Effects in DO 



35df 

7df 

1df 



How Many DO? 





Impact of Kinship Correction on QTL Mapping 



Missing Heritability 

Petr Simecek 



Linear mixed models for structured mapping populations 

 
 
 
where                                                      
     is a kinship matrix and     is an identity matrix. 
 
Heritability estimated as   
 
 



Body Weight Heritability 

Heritability  
40 - 50% 

 
% NZO predicts 

Body Weight 

Name #missing sigma_g^2 sigma_e^2 Heritability beta(NZO) SE(NZO) 

BW.10 1 7.850698 10.302831 43% 31.667545 8.34738 
BW.11 1 9.634533 11.4269019 46% 32.879816 9.019688 
BW.12 1 10.383394 12.171026 46% 33.407795 9.337154 
BW.13 1 9.8972628 13.3368905 43% 34.688206 9.435187 
BW.14 4 11.552609 14.4687721 44% 32.649167 10.01988 
BW.15 5 13.261251 15.5131729 46% 36.096457 10.58802 
BW.16 5 15.636686 16.5555212 49% 35.745239 11.23048 
BW.17 6 17.046866 18.0390107 49% 40.055002 11.73381 
BW.18 7 19.932604 20.0998211 50% 39.700635 12.57485 
BW.19 7 21.6743 21.5578365 50% 41.600712 13.05236 
BW.20 7 22.919733 23.9057386 49% 36.261463 13.56802 
BW.21 8 24.824493 25.1181201 50% 40.131266 14.02999 



Phenotyping the DO 

Karen Svenson 
Lisa Somes 
Dan Gatti 



Resources from Svenson 850 DO Project 

Animal Information Diet 

Genotype Sex Generation 
(4-9) 

Litter 
No. 

Born 
Date 

Coat 
Color 

Other Coat 
Color Feature 

Chow or 
HF 

Urinalysis 
Urinary 
Glu 1 ACR1 Urinary 

Glu2 ACR2 Change 
in ACR 

Electrocardiogram 

HR HRV PQ PR QRS QTc RR ST 
QTc 

disper
sion 

mean SR 
amplitude 

mean R 
amplitude 

pNN50 
(>6ms) rMSSD 

Body Composition at two ages: (1) 12 weeks; (2) 21 weeks 

Length
1 

Weight
1 

% Fat 
1 LTM1 BMD1 BMC1 B 

Area1 
T 

Area1 RST1 TTM1 Length
2 

Weight
2 

% Fat 
2 LTM2 BMD2 BMC2 B Area2 T 

Area2 RST2 TTM2 Change in 
Weight 

Change 
in % 
Fat 

Organ Weights 

Heart Spleen  Kidney  L Kidney R 

Weekly Body Weights; Growth Curve 
BW 
4 BW 5 BW 6 BW 7 BW 8 BW 9 BW 10 BW 11 BW 12 BW 13 BW 14 BW 15 BW 16 BW 17 BW 18 BW 19 BW 20 BW 21 BW 22 BW 23 BW 24 BW 25 BW 26 

Liver Harvest 

RNAseq Metabol- 
omics 

Protein 
processing 

Other Tissue Harvest 
Kidney/R 
RNAseq 

Muscle 
(gastrocnemius) 

RNAseq 

Pellets: Microbiome 
Gen 8 Ltr 2 

(n=100) 
18w 

Gen 9 Ltr 1 
(n=100) 

 18w, 26w 

N = 146* traits 
*Other calculated traits can be derived 

Karen Svenson and Lisa Somes 
15 August 2012 

650 Diversity Outbred animals have been phenotyped for clinically relevant traits. QTL analysis is underway. 

Plasma chemistries at two ages: (1) 8 weeks; (2) 19 weeks 
CHOL1 HDLD1 TG1 Glu1 NEFA1 Ca1 Phos1 GLDH1 BUN1 Change in 

CHOL2 HDLD2 TG2 Glu2 NEFA2 Ca2 Phos2 GLDH2 BUN2 Chol TG NEFA Glu 

Hematological parameters at two ages: (1) 10 weeks; (2) 22 weeks 

WBC1 RBC1 mHGB1 HCT1 MCV1 MCH1 
MCHC

1 CHCM1 RDW1 HDW1 PLT1 MPV1 NEUT1 LYM1 MONO1 EOS1 LUC1 BASO1 Retic1 cHGB1 

WBC2 RBC2 mHGB2 HCT2 MCV2 MCH2 
MCHC

2 CHCM2 RDW2 HDW2 PLT2 MPV2 NEUT2 LYM2 MONO2 EOS2 LUC2 BASO2 Retic2 cHGB2 

Insulin 
(17w) 

Leptin 
(17w) 



Circadian and Sleep Phenotyping 

Alan Pack 
Karen Svenson 



Variations in Circadian Rhythm in 
Diversity Outbred Mice 

JAXDO800#22C5BlackLeft   LD 24.01 DD 23.07 0.94 

JAXDO800#31C7White    LD 24.00 DD 21.71 2.29 
JAXDO800#70C14GreyLeft    LD 24.02 DD 24.44 -0.42 



Variation in Vigilance in DO Mice 
 Time-to-Fall-Asleep in New Cage 
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Number Of The Mice 

JAXDO800 Mice# 1~97  



Urinary Spotting and  
Bladder Function 

Mark Zeidel, Warren Hill 
Cheryl Ackert-Bicknell 



Quantitative Assay of Urinary Spotting 



Bladder Function in DO Founders 



Lifespan Interventions 

Karen Svenson 
Lisa Somes 



Lifespan of DO mice is genetically regulated  
and responsive to interventions 



Cancer 
Type of tumor Incidence Notes 
Hepatocellular Adenoma 3% of all mice examined 

(5.15% of all males and 
1% of females) 

Incidence increases with 
age. 
Do not metastasize. 
Can grow in excess of 
10% of mouse’s body 
weight in size.  

Hepatocellular 
Carcinoma 

2% of all males 
examined. 
Not seen in females. 

Likely incidence 
increases with age. 
Can metastasize to the 
lungs. 

Fatty Metamorphosis 0.5% of female mice (not 
seen in males). 

Is secondary to a defect 
in the gal bladder, but 
looks like a liver mass at 
necropsy. 



Infectious Disease 



Toxicology 



Environmental Health Perspectives 2014 

Genetically diverse DO mice 
provide a reproducible response 
to benzene exposure variation 
that reflects the range of 
responses that can be expected 
in human populations.  
 



QTL mapping in DO mice defines candidate gene 
region for susceptibility to benzene exposure. 



Expression of Sult3a1 
and Gm4794 in liver is 
specific to CAST mice. 



Sult3a1 and Gm4794 are 
duplicated in the CAST genome. 

Copy number variation in 
sulfotransferases has been 
associated with benzene 
toxicity in human studies 

Sulfotransferase activity 
represents a novel pathway 
for benzene detoxification.  



DO Resources 



http://do.jax.org 



Aim 3A. Interactive data visualization 
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