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Statistical tests were adopted from Karp, N.A.; Heller, R.; Yaacoby, S.; White, J.K.; Benjamini, Y. Improving the 
Identification of Phenotypic Abnormalities and Sexual Dimorphism in Mice When Studying Rare Event Categorical 
Characteristics. Genetics 2017, 205, 491–501 
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Supplementary Figure S1. Statistical analysis designs to study sexual dimorphism in wildtype mice and in knockout mice.  
(a) Statistical analysis in wildtype mice using generalized linear model at P < 0.05  
(b) Statistical analysis in wildtype mice using generalized linear model at P < 0.05 with false discovery rate correction 

(FDR < 0.05) and body weight adjustment 
(c) Statistical analysis for genotype-sex interaction effect in knockout lines compared to wildtype mice using two-way 

ANOVA followed by individual comparison by generalized linear model at P < 0.05. 



 

 
 
Supplementary Figure S2. Sex as a biological variable in metabolomics data with a stricter significance threshold 
and adjusted to body mass in wildtype C57BL/6NCrl mice (n = 20 males & 20 females, generalized linear model at 
FDR < 0.05).  
(a) Proportion of metabolites significantly affected by sex  
(b) Proportion of metabolites significantly affected by sex, adjusted by body mass.   
(c) Assay-based proportion of sex-affected metabolites. 
(d) Assay-based proportion of sex-affected metabolites, 
adjusted by body mass.  
(e) Proportion of IMPC phenotypes of continuous traits significantly affected by sex. 
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(f) Proportion of IMPC phenotypes of continuous traits significantly affected by sex; adjusted by body mass. 
 

 

Metabolomics: PLS-DA of Wildtype Mice
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Phenotype: PLS-DA of Wildtype Mice
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Supplementary Figure S3.  

Sexual dimorphism of metabolomics data and phenotype data in wildtype mice (n = 20 males & 20 
females).  

(a) PLS-DA plot of metabolomics data in wildtype mice.  

(b) PLS-DA plot of IMPC phenotype data in wildtype mice. 



  

 

Supplementary Figure S4. PLS-DA plots of metabolomic data in 30 KO mouse lines compared to 
wildtype mice (n = 20 males & 20 females in C57BL/6NCrl wildtype mice, n = 3 male & 3 female 
mice in each KO mouse line). Circles: confidence intervals for plasma metabolic phenotype 
variance. Axes: Regression vectors with % of total explained variance.  
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(5a) 

Supplementary Figure S5a 
Clusters of significant phenotype associations between metabolites and Acoustic Startle and Pre-pulse Inhibition 
(PPI, week 10).  
The acoustic startle response is characterized by an exaggerated flinching response to an unexpected strong auditory 
stimulus (pre-pulse). This response can be attenuated when it is preceded by a weaker stimulus (pre-pulse) and is the 
principle underlying pre-pulse inhibition (PPI). Several clinical studies have shown that a number of human disorders 
have impaired PPI including: schizophrenia, Huntington’s disease, fragile X syndrome, and autism. Heatmaps of 
ChemRICH set enrichment clusters for female (F) and male (M) wildtype mice, calculated from Spearman rank 
correlations of metabolite versus IMPC phenotypes. 



 

 

(5b)

Supplementary Figure S5b 
Clusters of significant phenotype associations between metabolites and Clinical Chemistry (CBC, week 16).  
Clinical chemistry determines biochemical parameters in plasma including enzymatic activity, specific substrates and 
electrolytes. Heatmaps of ChemRICH set enrichment clusters for female (F) and male (M) wildtype mice, calculated from 
Spearman rank correlations of metabolite versus IMPC phenotypes.  



 
 

 

(5c)

Supplementary Figure S5c 
Clusters of significant phenotype associations between metabolites and Body Composition 
(DEXA lean/fat, week 14).  
Measures of bone mineral content and density as well as body composition in mice using the 
DEXA (Dual Energy X-ray Absorptiometry) analyzer. Heatmaps of ChemRICH set enrichment 
clusters for female (F) and male (M) wildtype mice, calculated from Spearman rank 
correlations of metabolite versus IMPC phenotypes. 



 

 
 

(5d)

Supplementary Figure S5d 
Clusters of significant phenotype associations between metabolites and Electrocardiogram (ECG, week 12).  
Electrocardiographic recordings usually help to detect abnormal myocardial action potential, conduction of impulse, 
disturbances in cardiac rate and rhythm, and altered autonomic activities. Heatmaps of ChemRICH set enrichment clusters for 
female (F) and male (M) wildtype mice, calculated from Spearman rank correlations of metabolite versus IMPC phenotypes.  



 

 

(5e)

Supplementary Figure S5e 
 Clusters of significant phenotype associations between metabolites and Hematology (week 16).  
Hematological assessment of blood determines blood cell counts (white blood cells, red blood cells, hemoglobin, and 
platelets) and additional hematological parameters (hematocrit, mean cell volume, mean corpuscular hemoglobin, mean 
cell hemoglobin concentration) can be derived using these indices. These tests will indicate abnormalities in the production 
of blood and its components (blood cells and hemoglobin) as well as in the associated blood-forming organs. 
Heatmaps of ChemRICH set enrichment clusters for female (F) and male (M) wildtype mice, calculated from Spearman rank 
correlations of metabolite versus IMPC phenotypes.  



 

 

 

(5f) (5g)

Supplementary Figure S5f  
 Clusters of significant phenotype associations between metabolites and heart weight (week 16).  
To evaluate cardiac size using heart weight and body weight. 
Heatmaps of ChemRICH set enrichment clusters for female (F) and male (M) wildtype mice, calculated from Spearman rank 
correlations of metabolite versus IMPC phenotypes.  
 
Supplementary Figure S5g 
Clusters of significant phenotype associations between metabolites and Intraperitoneal glucose tolerance (week 13).  
The glucose tolerance test measures the clearance of an intraperitoneally injected glucose load from the body. It is used to 
detect disturbances in glucose metabolism that can be linked to human conditions such as diabetes or metabolic syndrome.  
 Heatmaps of ChemRICH set enrichment clusters for female (F) and male (M) wildtype mice, calculated from Spearman rank 
correlations of metabolite versus IMPC phenotypes.  



 
 

 

(5h)

Supplementary Figure S5h  
Clusters of significant phenotype associations between metabolites and Open Field (week 8).  
The Open Field test is used to assess anxiety and exploratory behaviors. It is based on the natural tendency of an 
animal to explore and to protect itself using avoidance which translates to a normal animal spending more time in the 
periphery of the Open Field arena than in the center (the most anxiogenic area). 
 Heatmaps of ChemRICH set enrichment clusters for female (F) and male (M) wildtype mice, calculated from Spearman 
rank correlations of metabolite versus IMPC phenotypes.  


