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Motivation: Large scale RNA-interference screens combined with multichannel imaging
yield a powerful technique for unbiased systematic analysis of biological processes.
However, the enormous amount of single cell information available in the resulting
imaging datasets, and the heterogeneity at the single cell level are emerging as a
significant obstacle toward high throughput image-based cell biology. The majority of
analyses to-date ignore the richness of the information — using only one or two features
for each cell — and the heterogeneity of the cell population.

Results: We have developed a computational analysis pipeline suitable for image
based high-throughput screening experiments that involve two sets of controls (e.g.,
healthy and diseased cell populations) and multiple staining channels. For each staining
channel, we used multi-dimensional single-cell analysis to learn what combination of
parameters in each image channel best distinguishes the two controls. This allows us
to quantify how effectively each RNAi changes cell properties, and to select RNAi “hits”
that significantly shift the cell population from the negative to the positive control. We
can determine “hits” both based on each image channel separately, or combinatorially
in multiple channels. We develop and demonstrate our approach using data from an
experiment of model progeria cells. Our pipeline identifies more potential RNAI hits than
standard analysis methods, and provides more insights into both average and single
cell properties. One insight from our first application is that some RNAI are double “hits”,
i.e. shift cell population behavior for two features on average but not at the single-cell
level.



