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Moving towards a systems level analysis of
the events of vertebrate embryonic development

Prof. Scott E. Fraser
(California Institute of Technology)
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Intravital imaging offers unprecedented opportunities for studying the cell lineages, cell
interactions and intercellular signaling that development and function. These powerful techniques
are challenged by major tradeoffs between spatial resolution, temporal resolution, and the limited
photon budget.

We are attempting to advance this tradeoff by constructing faster and more efficient microscopes
that maintain subcellular resolution. This combination of speed and resolution is required as
intravital imaging can only generate accurate data on cell lineages and cell migration if it can
re-acquire the three dimensional image of the entire specimen before any of the cells can move half
of the distance separating them from their neighbors. Failing this, imaging tools can only give
information on the averaged behaviors of cells (such as optical flow or PIV), which is often
mistakenly taken as revealing cellular mechanism.

We have developed a new microscope, combining the deep penetration of two-photon microscopy
and the speed of light sheet microscopy to generate images with more than ten-fold improved
imaging speed and sensitivity. As with other light sheet technologies, dramatically faster
acquisitions rates results from the collection of an entire 2-D optical section in parallel. This
two-photon SPIM is far less subject to light scattering, permitting subcellular resolution to be
maintained far better than possible with conventional light sheet microscopes.

In parallel to microscope development, we have been refining Second Harmonic Generation
(SHG) nanoparticles as labeling reagents with greater photostability and brightness. These
nanoparticles give sufficient signal for clear imaging down to the single molecule level, even in
complex optical environments, and avoid the limitations of quantum dots (blinking and bleaching).

Combined, these improvements define a new compromise between spatial resolution, temporal
resolution, and the limited photon budget: combining needed resolution, speed and sensitivity to
follow complex cell/tissue events over the prolonged periods of embryogenesis. We are applying
these tools to study zebrafish in which the FlipTrap vector has been used to create functional fusion
proteins that are expressed at normal levels. These fusions permit cellular and molecular imaging
of the key events in normally and conditionally mutated embryos, offering systems analyses of
embryonic development.
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