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            Abstract
Single-cell heterogeneity in cell populations arises from a combination of intrinsic and extrinsic factors1,2,3. This heterogeneity has been measured for gene transcription, phosphorylation, cell morphology and drug perturbations, and used to explain various aspects of cellular physiology4,5,6. In all cases, however, the causes of heterogeneity were not studied. Here we analyse, for the first time, the heterogeneous patterns of related cellular activities, namely virus infection, endocytosis and membrane lipid composition in adherent human cells. We reveal correlations with specific cellular states that are defined by the population context of a cell, and we derive probabilistic models that can explain and predict most cellular heterogeneity of these activities, solely on the basis of each cell’s population context. We find that accounting for population-determined heterogeneity is essential for interpreting differences between the activity levels of cell populations. Finally, we reveal that synergy between two molecular components, focal adhesion kinase and the sphingolipid GM1, enhances the population-determined pattern of simian virus 40 (SV40) infection. Our findings provide an explanation for the origin of heterogeneity patterns of cellular activities in adherent cell populations.
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                    Figure 1: 
                        Modelling and predicting diverse activity patterns in heterogeneous human cell populations.
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Figure 2: 
                        Most variation observed in cellular activities is population determined and must be accounted for.
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Figure 3: 
                        SV40 infection and cell size are co-regulated by GM1 and active FAK, depending on the local cell density.
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        Editorial Summary
Cells with a difference
Susceptibility to drug treatment or viral infection can vary from one cell to another even in a population of genetically identical cells cultured together. Such heterogeneity has largely been attributed to intrinsic noise such as variability in gene expression or fluctuations in levels of signalling molecules. Now Snijder et al. have looked quantitatively at large populations of co-cultured cells and they find deterministic links between fundamental cellular features (for example, membrane lipid composition or infectivity by some but not other viruses) and a cell's population context (whether localized at the centre or at the periphery of an island of adhering cells, for instance). The computer-assisted methods used to assess cell populations in this work may also find application in drug screens.
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