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Phenomics and the challenge of full life span, 3D, whole organism imaging at cell resolution
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The first successes in reductionist-based genetics derived from focused phenotypic analysis. The ideal of systems-wide analysis, 
however, requires comprehensive, rather than focused phenotyping, the full range of which comprises phenomics. Success in 

the phenomics of multicellular, and particularly vertebrate, organisms requires an ability to meet multiple significant challenges to 
phenotyping. Phenotypes may affect any cell type at any life stage, necessitating the ability to recognize and characterize changes 
in any cell type. Some phenotypes can only be appreciated in the context of the whole organism in terms of shape and phenotypic 
gradations, requiring both 3D imaging at cell resolution and fields of view that encompass the whole organism. Image degradation 
is associated with light scatter and pigmented cells, preventing the use of light as the only method of obtaining whole-organism, 
pan-cellular imaging of samples in the mm length scale. Comprehensive phenotyping needs to be applied to complete sets of 
knock-out organisms, making high throughput necessary to be practical. Reproducible, quantitative measures of qualitative 
changes would be facilitated by computational analysis. Only if we can meet all of these challenges we will be equipped to dissect 
all the functions of a gene knockout or all the functions that might be affected by a potential toxicity. We illustrate the nature of 
each of these challenges and ongoing attempts to answer them.
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