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            Abstract
We are entering a new era of mouse phenomics, driven by large-scale and economical generation of mouse mutants coupled with increasingly sophisticated and comprehensive phenotyping. These studies are generating large, multidimensional geneâ€“phenotype data sets, which are shedding new light on the mammalian genome landscape and revealing many hitherto unknown features of mammalian gene function. Moreover, these phenome resources provide a wealth of disease models and can be integrated with human genomics data as a powerful approach for the interpretation of human genetic variation and its relationship to disease. In the future, the development of novel phenotyping platforms allied to improved computational approaches, including machine learning, for the analysis of phenotype data will continue to enhance our ability to develop a comprehensive and powerful model of mammalian geneâ€“phenotype space.
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                    Fig. 1: Pleiotropy is central to our understanding of mammalian gene function.[image: ]


Fig. 2: The IMPC phenotyping pipeline.[image: ]


Fig. 3: Home-cage monitoring and machine learning.[image: ]


Fig. 4: Ageing as a new dimension of high-throughput mouse phenotyping.[image: ]


Fig. 5: Overview of data flow for large-scale, broad-based mouse phenotyping programmes.[image: ]


Fig. 6: Integration of human and mouse data for rare-disease genetics.[image: ]
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Glossary
	Variable expressivity
	
                  Differing phenotypic features among individuals with the same genotype.

                
	Phenotypic expansion
	
                  The expanding array of phenotypes that may be associated with mutations in a specific gene.

                
	Genome-wide association studies
	
                  (GWAS). Genome-wide analyses of single nucleotide polymorphisms (SNPs) in human cohorts to test for associations between SNPs and traits.

                
	Phenome-wide association studies
	
                  (PheWAS). Testing genetic variants for an association with multiple phenotypes or traits (the phenome) in human cohorts.

                
	Pre-pulse inhibition
	
                  (PPI). Used to assess sensorimotor gating. In the PPI test, sensorimotor gating is assessed by measuring the innate reduction of the startle reflex induced by a weak prestimulus (prepulse) before a subsequent strong startle stimulus (pulse). Deficits in PPI responses are noted in patients suffering from a range of illnesses, including schizophrenia.

                
	Optokinetic drum
	
                  Assesses the threshold of visual acuity by placing a mouse in the centre of a rotating drum and measuring reflexive head turning in response to the rotation of stripes, which subsequently decrease in width and distance of separation.

                
	Auditory brainstem response
	
                  Measures the electrical response in the auditory nerve and brainstem to either a defined frequency or a longer, complex auditory stimulus. This allows frequency-specific auditory thresholds to be determined.

                
	Gene trapping
	
                  A random insertional mutation into an intron or exon of a gene that disrupts expression of the trapped gene.

                
	Gene targeting
	
                  Targeting by homologous recombination into embryonic stem cells to introduce mutations ranging from single base pair substitutions to large deletions.

                
	Endophenotypes
	
                  A heritable and measurable component of a phenotype, which is intermediate between gene and disease.

                
	Coisogenic
	
                  Isogenic strains differing only at a single locus. Thus, all International Mouse Phenotyping Consortium (IMPC) lines are coisogenic on the C57BL/6â€‰N background.

                
	Optical projection tomography
	
                  (OPT). An optical computed tomography technique that is used to acquire 3D images of early embryo morphology in the mouse.

                
	Micro-computed tomography
	
                  (ÂµCT). High-resolution X-ray computed tomography to acquire 3D images of embryo morphology in the mouse, usually during later stages of development.

                
	High-resolution episcopic microscopy
	
                  (HREM). A method for the determination of the 3D structure of embryos using recurrent block surface (episcopic) imaging of sections from histological samples.

                
	Subviable lines
	
                  Mouse mutant lines for which some individual mice show embryonic lethality, whereas others of identical genotype survive.

                
	Paralogue
	
                  Paralogues are pairs of genes that derive from a common ancestral gene and may undertake similar functions.

                
	Recombinant inbred
	
                  (RI). Mouse lines that are derived by the intercrossing and subsequent inbreeding of two distinct inbred lines. Each line carries a differing patchwork of chromosome segments from the two parental lines, allowing researchers to relate phenotypic differences between the parental inbred strains to the underlying genetic loci involved.

                
	Collaborative Cross
	
                  (CC). Mouse lines that are a multi-parental recombinant inbred panel derived from crosses between eight inbred lines (including three wild-derived inbred strains), capturing a greater genetic diversity more evenly spread across the genome.

                
	Quantitative trait locus
	
                  (QTL). A locus that contributes some proportion of the total phenotypic variance of the quantitative trait. Many quantitative traits are determined by multiple genes (or QTLs), each of which may have small or large effects on the phenotype.

                
	Heterogeneous Stock
	
                  (HS). A type of mouse population that enables fine-resolution mapping of traits and is created by the intercrossing of inbred or recombinant inbred lines followed by mating schemes that minimize inbreeding.

                
	Diversity Outbred
	
                  (DO). A mouse population that is a Heterogeneous Stock that was derived by random mating of 144 partially inbred Collaborative Cross lines, providing single-gene mapping resolution.

                
	Ontology
	
                  Phenotype ontologies encompass the naming, description and interrelationship of phenotypes.

                
	Orphan drugs
	
                  Drugs that are developed to treat a rare medical condition, an orphan disease.
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