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A.	Personal Statement
The proposed program meshes well with the central mission of my lab and the Centers I have founded for the past three decades: the Translational Imaging Center (USC; Director, 2012-present), the Translational Biomedical Imaging Center (CHLA; Co-Director, 2012-present), the Biological Imaging Center (Caltech; Director, 1990-2013), the Caltech Brain Imaging Center (Director, 2003-2008), the Rosen Biological Engineering Center (Caltech, Director, 2008-2012), and the Kavli Nanoscience Center (Caltech).  These Centers successfully managed the competing demands of technology development, innovative research, and user support.  The work of my laboratory has resulted in a set of peer-reviewed publications (over two hundred), and patents (more than six dozen), spanning fields as diverse as synthetic chemistry and nanotechnology to developmental biology and imaging. My varied experience in interdisciplinary work makes me comfortable in diverse groups of researchers, and in performing multidisciplinary studies into the cellular and molecular bases of complex biological phenomena such as those outlined in this venturesome proposal.  
B.	Positions and Honors
Positions
Johns Hopkins University, Department of Biophysics, 
1976-1979	Graduate Research Fellow
Marine Biological Laboratory, Woods Hole 
1979	Grass Foundation Fellow
University of California, Irvine, Department of Physiology and Biophysics
1980-1986	Assistant Professor
1986-1990	Associate Professor 
1990-1991	Professor
1989-1991	Department Chair
California Institute of Technology
1991-2012	Anna L. Rosen Professor of Biology 
1991-2013	Director, Biological Imaging Center, Beckman Institute
2003-2008	Director, Caltech Brain Imaging Center
2008-2012	Director, Rosen Center for Biological Engineering
University of Southern California
2012-present	Director of Science Initiatives
2012-present	Professor of Pediatrics, Ophthalmology, Radiology, Keck School of Medicine
2012-present	Professor of Biomedical Engineering, Viterbi School of Engineering
2012-present	Provost Professor of Molecular and Computational Biology, Dornsife College
2015-present	Elizabeth Garrett Chair in Convergent Bioscience

Honors (Selected) 

Fellow, National Academy of Inventors 2015
Fellow, Amer Inst of Med & Bio Engineers, 2015
SPIE Systems Biology Pioneer Award, 2014
Fellow, American Academy of Arts & Science, 2011
Chipperfield Lecture, MIT, 1997, 2008 
NASA Space Act Award, 2003, 2008, 2011
Fellow, European Academy of Sciences, 2005
R&D 100 Prize, 2002
Graduate Student Mentoring Prize, 1998
Marcus Singer Medal, 1995
Fellow, Amer. Assn. Advancement of Science, 1990
McKnight Scholar Award, 1984–87
Kaiser-Permanente Award (best teacher, UCI), 1983
Silver Beaker Award (best faculty, UCI), 1983 
Ph.D. in Biophysics with Distinction, Johns Hopkins 
Brown Award, 1976, Best Physics Research, HMC
Bachelor's Degree in Physics with Honors 



C.	Contributions to Science
My lab has taken a multidisciplinary approach to attack problems in a diverse areas of imaging, sensing, neuroscience and developmental biology.  My contributions have been leveraged by exciting and productive collaborations with an international set of researchers.  A few of the areas in which I have worked are listed in the following: 
Developmental Neuroscience:  Nerve connections, cell lineages and CNS patterning. 
We refined technologies for the analysis of cell lineages, cell migration and neuronal interconnectivity through the use of vital dyes and intravital imaging.  This work offered some of the first direct evidence for pluripotency of the neural crest and the neuroblasts of the retina, as well as data for more restricted lineages in the vertebrate hindbrain.  In parallel, we used imaging to assess cell migrations and axonal guidance in mouse, avian, zebrafish and frog neural crest, CNS neurons and progenitors.  These efforts resulted in more than 60 publications, and 10 review or protocol publications, including:
Wetts, R., Fraser, S.E., (1988) “Multipotent precursors can give rise to all major cell types of the frog retina.”  Science 239: 1142–1145
Bronner-Fraser, M., Fraser, S.E., (1988) “Cell lineage analysis reveals multipotency of some avian neural crest cells.”  Nature 335: 161–164
Fraser, S.E., Keynes, R., Lumsden, A., (1990) “Segmentation in the chick embryo hindbrain is defined by cell lineage restrictions.”  Nature 344: 431–435.
Koester, R.W. and Fraser, S.E. (2001) “Direct Imaging of in vivo neuronal migration in the developing cerebellum.” Current Biology 11:1858-1863
Embryonic Patterning:  Cell communication in patterning and growth control.  
We have used a combination of classical embryology, molecular biology and intravital imaging to assess the mechanisms that pattern the early embryos of both invertebrate (sea urchin, hydra, Drosophila) and vertebrate (mouse, chick, fish, frog) embryos.  These studies revealed important cell interactions and cell behaviors involved in key developmental events.  This diverse set of publications include:
Wallingford, J.B., Rowning, B.A., Vogeli, K.M., Rothbacher, U., Fraser, S.E., Harland, R.M. (2000) “Dishevelled Controls Cell Polarity during Xenopus Gastrulation.” Nature 405:81-85
Gong, Y., Mo, C., Fraser, S.E. (2004) “Planar cell polarity signalling controls orientation of cell divisions during zebrafish gastrulation.”  Nature, 430: 689-693
Supatto, W., McMahon, A., Fraser S.E. and Stathopoulos, A. (2009) “Quantitative imaging of collective cell migration during Drosophila gastrulation: multiphoton microscopy and computational analysis.”  Nature Protocols 4: 1397-1412
Plachta, N., Bollenbach, T., Pease, S., Fraser, S.E., Pantazis, P. (2011) “Oct4 kinetics predict cell lineage patterning in the early mammalian embryo.”  Nature Cell Biology 13(2): 117-123
New approaches for non-invasive imaging in both experimental animals and humans.  
We have developed a variety of new imaging instrumentation, which has resulted in a variety of new research projects, a family of issued patents, commercial products based on these patents, and new imaging tools presently being examined for their use in human diagnostics.  These include microscopic MRI, multispectral confocal microscopy, optical coherence microscopy, and light sheet microscopy.  The resulting publications include:
Jacobs, R.E., Fraser, S.E., (1994) “Magnetic resonance microscopy of embryonic cell lineages and movements.”  Science 263: 681–4
Dickinson, M.E., Waters, C.W., Wolleschensky, R., Bearman, G., Tille, S. and Fraser, S.E.  (2002).  "Sensitive imaging of spectrally overlapping fluorochromes using the LSM 510 META." Proc. SPIE Vol. 4620, p. 123-136, Multiphoton Microscopy in the Biomedical Sciences II, A Periasamy; P. T. So; Eds. 
Truong, T.V., Supatto, W., Koos, D.S., Choi, J.M., Fraser, S.E. (2011) “Deep and fast live imaging with two-photon scanned light-sheet microscopy.” Nature Methods 8(9): 757-760
Kim, D.Y., Fingler, J., Zawadzki, R.J., Park, S.S., Morse, L.S., Schwartz, D.M., Fraser, S.E., Werner, J.S. (2013) “Optical imaging of the chorioretinal vasculature in the living human eye.”  Proc Natl Acad Sci, 110: 14354-59
Molecular Sensors and Reporters.  
Working with collaborators in nanotechnology and synthetic chemistry we have refined tools for sensing and imaging defined molecular species.  These efforts resulted in two start-up companies, and multiple publications and patents, including:
Meade, T.J., Fraser, S.E., Kayyem, J.F., "Direct Detection of Nucleic Acids by Electron Transfer Mechanisms,"  U.S. Patent Number 5,705,348 (1997). 
Chang,C-f., Walavalkar, S., Fraser, S.E., Scherer, A., “Fabrication and Self-aligned Local Functionalization of Nanocups and Various Plasmonic Nanostructures on Flexible Substrates for Implantable and Sensing applications.” U.S. Patent Number 9,512,000 (2016)
Pantazis, P., Maloney, J., Wu, D., Fraser, S.E. (2010) “Second harmonic generating (SHG) nanoprobes for in vivo imaging.”  Proc Natl Acad Sci, 107(33): 14535-14540
Lu, T., Lee, H., Chen, T., Herchak, S., Kim, J.H., Fraser, S.E., Flagan, R.C., Vahala, K. (2011) “High sensitivity nanoparticle detection using optical microcavities.” Proc Natl Acad Sci, 108(15): 5976-5979
Quantitative Analyses of Gene Expression
Building upon innovations in transgenesis, DNA self-assembly & multi-spectral imaging, we have optimized a set of tools ranging from the imaging of molecular and cellular dynamics in living tissues to the genetically encoded means of harvesting genome scale information efficiently.  Combined, these approaches permit us to extend spatial genomic, high-content and high-throughput approaches to the analysis of cells in their normal contexts.   
Cutrale, F., Trivedi, V., Trinh, L.A., Chiu, C.-L., Choi, J.M., Artiga, M.S., Fraser, S.E., (2017) “Hyperspectral phasor analysis enables multiplexed 5D in vivo imaging”, Nature Methods 14: 149-152
Trinh, L.A., Chong, V.M.R, Gavriouchkina, D., Hochgreb-Hagele, T., Senanayake, U., Fraser, S.E., Sauka-Spengler, T., (2017) “Biotagging of specific cell populations in zebrafish reveals gene regulatory logic encoded in the nuclear transcriptome”, Cell Reports 19: 425-440. 
Pantazis, P., Dempsey, W.P., Truong, T.V., Fraser, S.E., Georgieva, L. “Method and device to achieve spatially confined photointeraction at the focal volume of a microscope,” U.S. Patent Number 9,971,136 (2018)
[bookmark: _GoBack]Trivedi, V., Choi, H.M.T., Fraser, S.E., Pierce, N.A., (2018) “Multidimensional quantitative analysis of mRNA expression with in intact vertebrate embryos.” Development 145: 156869
Link to list of publications: 
http://www.ncbi.nlm.nih.gov/sites/myncbi/scott.fraser.1/bibliography/41144758/public/?sort=date&direction=ascending.

D.	Additional Information: Research Support and/or Scholastic Performance 
Ongoing Research Support
U01 HL122681 Warburton (CHLA), PI; (Fraser, Co-I)	6/15/14-03/31/19 	NIH
Molecular anatomy of human alveolar development
To construct a rich multiscale atlas of lung and alveolar development in collaboration with LungMAP research groups and the Hub to create data sets for open interrogation and sharing.  Role: co-I
R01 OD019037, MPI: Arnold, Fraser, Kesselman	08/01/14-07/31/19	NIH
Dynamic mapping of the synaptome using recombinant probes
To perform comprehensive studies by tagging and imaging all excitatory and inhibitory synapses.
Role: co-PI
R21-CA209012, Fraser, PI	07/01/16-06/30/19	NIH				
In vivo Imaging of tumor heterogeneity generation from endogenous single cells.
Longitudinal analyses of cell lineages and molecular changes in tumor establishment, growth and dispersal
Role: PI
PR 150666, Warburton, PI, (Fraser, Co-PI)	09/01/16-08/31/19	DoD			
Lung injury; relates to real time endoscopic monitoring of single cells’ respiratory health in lung
Functional imaging of lung and airway physiology
Role: co-PI
1608744, Kanso, PI, (Fraser, Co-PI)	09/01/16-08/31/19	NSF (INSPIRE)		
How do cilia-driven flows shape the chemical and mechanical environment in bacteria-host associations?
Imaging the Flow that pattern the establishment of host-microbe interactions.
Role: co-PI
1650406, Dickman, PI, (Fraser, Co-I)	10/01/16-09/30/18	NSF (EAGER)		
Harnessing Light Sheet and Light Field Microscopy to Visualize Dynamic Adaptations to Neural Activity during Sleep-Wake Behavior.
Develop optimal Functional and Structural Imaging for Analyzing Synaptic Homeostasis.
Role: co-I
R01-EY026599 MPI Sadhal, Moats (Fraser, Co-I)	09/01/16-08/31/21	NIH			
Mathematical Modeling and Analysis of Ocular Fluid Dynamics and Transport Phenomena for Retinal Drug Delivery
Modeling and analysis of the ocular fluid dynamics and transport phenomena in the eye.
Role: co-I
R01 HL130172, Lien (CHLA), PI, (Fraser, PI)	02/18-01/31/21	NIH			 
Cxc12 chemokine signaling regulates synchronous development of coronary vessels and myocardium
To perform a multidisciplinary analysis of heart development and repair.
Role: Co-I
RGP0008, Brennan, PI, (Fraser-Co-I, Vallortigara, Co-I) 12/01/17-11/30/20	HFSP			 
Imaging the neurobiology of numerosity:  the evolution of counting.
Adapting light sheet imaging technologies to identify the neurocircuits involved in numerosity discrimination tasks in Zebrafish.
Role: co-I
Completed Research Support
R01 HD075605 (L Cai (Caltech), PI; Fraser, Co-PI)	9/1/12-3/21/18	NIH
Multiplex RNA imaging in single cells by super-resolution microscopy and barcode FISH
To develop a multiple molecular imaging tool-kit enabling the study of more than a hundred genes within intact tissues at cellular resolution.
Role: co-PI
MSN156910 (E Ruby (U Wisc), PI; Fraser, Co-PI)	2/1/13-11/01/16	Moore Foundation
Tracking microbial habitat transition using single-cell transcriptomics 
To develop single cell genomic and imaging tools to identify key steps in symbiosis
Role: co-PI
R41 EY021054 phase 2 (Fraser, PI)	3/1/13 – 2/28/16	NIH/Visdex Corp
Characterization of Exudative Macular Degeneration and Diabetic Retinopathy Using Phase Contrast OCT
To develop PC-OCT imaging as a non-invasive alternative for fluorescein angiography.
Role: PI
BIMR 1304 (Fraser, PI)		7/1/13 – 6/31/15	Beckman Fndn
Photoreceptor mapping in atrophic AMD with imaging multispectral reflectometer and OCT.
To develop multispectral imaging as a diagnostic for dry AMD.
	Role: PI
