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	A.B.
	06/1992
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	Ph.D.
	06/1998
	Neuroscience

	Stanford University  Stanford, CA
	M.D.
	06/2000
	Medicine

	Stanford University  Stanford, CA
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	06/2004
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A. Personal Statement I serve as Professor of Bioengineering at Stanford (where I teach physiology and optics courses, and chair the undergraduate education committee in Bioengineering), with a joint appointment in Stanford’s Department of Psychiatry and Behavioral Sciences (where I treat psychiatric patients using medications, cognitive therapy, and neuromodulatory intervention); I mentor undergraduates, graduate students, postdoctoral fellows, residents, and faculty at all levels, to help them thrive as scientists, engineers, and physicians. A biochemist and electrophysiologist by training, I have focused on studying the structural and functional principles of light-gated ion channels, investigations which have allowed us to find and create membrane proteins with remarkable properties. Over the past two decades we have developed these and other discoveries into optogenetics, bringing precise causality to understanding the roles of specific cells in living animals by controlling and observing cellular functions with the speed and precision of light. My lab uses the tools we create to understand the survival drives of mammals– including hunger and thirst– as well as their social and emotional behaviors. Building on our optogenetic identification of causal cells and projections, this work has also led to diverse translational progress, with many resulting ongoing multicenter and international clinical trials (including for autism, schizophrenia, and Alzheimer’s Disease). We also support researchers around the world by freely disseminating our reagents, and training with our techniques; together, these developments have already led globally to more than 10,000 published discoveries with optogenetics, and a successful clinical treatment for human blindness due to retinitis pigmentosa. Finally, over the past ten years I have developed unbiased brain-wide activity screens to seek principles underlying complex integrative brain functions such as emotion. Building on these findings, I launched the Human Neural Circuitry (HNC) program at Stanford, which bridges mouse and human subjects using unbiased brain-wide activity screening in both species, to identify principles of brain function by virtue of evolutionary conservation over millions of years. 
	B. Positions, Scientific Appointments, and Honors
      Positions and Scientific Appointments

	2022-                 Founding Director, Human Neural Circuitry Program, Stanford University 
2014-                 Howard Hughes Medical Institute Investigator

	2012-
	D.H. Chen Chair, Stanford University

	2012-
	Professor of Bioengineering and Psychiatry, Stanford University

	2010-
2006-
2004-
	Director of Undergraduate Education in Bioengineering, Stanford University
Diplomate, American Board of Psychiatry and Neurology 
Principal Investigator and Head of Laboratory, Stanford Department of Psychiatry 

	2009-2013
	Howard Hughes Medical Institute Early Career Investigator

	2013-2019
2009-2012
	Foreign Adjunct Professor, Karolinska Institutet, Stockholm
Associate Professor of Bioengineering and Psychiatry, Stanford University

	2005-2008
2004-2005
	Assistant Professor of Bioengineering and Psychiatry, Stanford University
Principal Investigator/Head of Laboratory and Clinical Educator, Stanford Department of Psychiatry 

	7/00-6/04
	MD internship/licensure and psychiatry residency, Stanford University

	      Synergistic Activities
2023-                 Gairdner Prize Medical Advisory Board
2018-                 Breakthrough Prize Jury
2016-                 Founding Chair, Optogenetics Gordon Conference
2013-                 Editorial Board Member, Cell
2013/2014        Inaugural NIH BRAIN Initiative working group
2018/2019        NIH BRAIN Initiative 2.0 working group


Selected Honors
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2025		   Asan Award in Basic Medicine, for optogenetics
2023	   	   Japan Prize in Life Science, for optogenetics
2022		   Horwitz Prize, for optogenetics
2021		   Lasker Award for Basic Medical Research
2020		   Heineken Prize in Medicine
2019		   Election to the National Academy of Engineering (NAE)
2018		   Gairdner Award, for optogenetics
2018		   Eisenberg Prize, University of Michigan
2018		   Leibinger Prize, for optogenetics
2018		   Kyoto Prize, for optogenetics
2017		   Harvey Prize, for optogenetics
2017		   Fresenius Prize: for optogenetics, hydrogel-tissue chemistry, and circuitry of depression
2016		   BBVA Award, for optogenetics
2016		   Massry Prize, for optogenetics
2015		   Albany Prize in Medicine and Biomedical Research, for optogenetics
2015		   Lurie Prize, FNIH, for optogenetics
2015		   Breakthrough Prize in Life Science, for optogenetics
2015		   Dickson Prize in Medicine, for optogenetics
2014	             	   Dickson Prize in Science, for optogenetics and CLARITY
2014		   Keio Prize in Medical Science, for optogenetics
2013		   Richard Lounsbery Prize, National Academy of Sciences, for optogenetics
2013		   Pasarow Foundation Award, for neuropsychiatry
2013		   BRAIN Prize, Lundbeck Research Foundation, for optogenetics.
2013		   Premio Citta' di Firenze for Molecular Sciences, for optogenetics and CLARITY
2013		   Gabbay Award, Brandeis University, for optogenetics
2013		   Goldman-Rakic Award, Yale/NARSAD, for optogenetics and CLARITY
2012		   Perl/UNC Prize, for optogenetics
2012		   Zuelch Prize, Max-Planck Institute, for optogenetics
2012		   election to the National Academy of Sciences (NAS)
2011		   Alden Spencer Prize, Columbia University, for optogenetics
2011		   election to the National Academy of Medicine (NAM; former Institute of Medicine)
2010		   Koetser Prize, Zurich Switzerland, for optogenetics
2010		   Nakasone Prize, Human Frontiers Scientific Program, for optogenetics
2009		   Society for Neuroscience Young Investigator Award, for optogenetics
2008		   Lawrence C. Katz Prize in Neurobiology, Duke University, for optogenetics
2008		   Schuetze Prize in Neurobiology, Columbia University, for optogenetics
2007		   McKnight Foundation Scholar Award, for optogenetics
2006		   Presidential Early Career Award in Science and Engineering (PECASE)
2005		   McKnight Foundation Technological Innovations in Neuroscience Award
2005		   NIH Director’s Pioneer Award, for optogenetics
1992		   Phi Beta Kappa, Harvard University
   1992		   Summa cum laude, Harvard University
   
C. Contribution to Science
1) Discovering channelrhodopsin principles For the past two decades, I have pursued fundamental understanding of channelrhodopsins (light-activated ion channels), which has led to my lab’s discovery and creation of new light-gated ion channels as well as our development of the technology of optogenetics. We obtained the first high-resolution structures of all the major types of channelrhodopsins, including the cation-conducting, anion-conducting, pump-like, and K+-selective families (these papers include A,B,C,D below and Kato et al., Nature 2012). We also discovered and created new types of channelrhodopsin (including the first redshifted channelrhodopsin, VChR1; Zhang et al., Nature Neuroscience 2008), and developed corresponding models of the retinal binding pocket leading to creation of the C1V1 channelrhodopsin, which not only allowed the first combinatorial two-color optogenetic control in vivo (Yizhar et al., Nature 2011), but also the first single-cell resolution optical control in a mammalian brain (Prakash et al., Nature Methods 2012) via two-photon illumination, the first all-optical control and readout in behaving mammals (Rickgauer et al., Nature Neuroscience 2014; Grosenick et al., Neuron 2015; Rajasethupathy et al., Nature 2015; Kim et al., Nature Methods 2016), and the first single cell-resolution control of mammalian behavior (Jennings et al., Nature 2019). We continued this work with creation of step-function channelrhodopsins, which enabled bistable optogenetic control and orders of-magnitude greater light-sensitivity (Berndt et al., Nature Neuroscience 2008); we also created chimeric opsins including C1C2 that enabled our initial high-resolution structure (Kato et al., Nature 2012). We built on our structural discoveries to create a detailed electrostatic model of channelrhodopsin pore function, and used this model to create iC1C2, a light-activated Cl- channel, in both fast and bistable forms (Berndt et al, Science 2014). We found the resulting pore mechanism to be operative also in naturally-occurring Cl- channels (Berndt and Deisseroth, Science 2015; Berndt et al, PNAS 2015), as we confirmed with the first high-resolution structures of both naturally-occurring, and designed, anion-selective channelrhodopsins (A,B). More recently, we discovered the paradigmatic pump-like channelrhodopsin ChRmine (which provides extraordinary sensitivity and enables noninvasive fast optogenetic control), and resolved its striking trimeric structure and unusual pore as well as that of related K+-selective pump-like channelrhodopsins (C,D). In this latest work, we discovered a completely unprecedented mechanism for K+ selectivity in ion channels, with clusters of bulky hydrophobic residues forming a selectivity gate instead of the canonical fourfold-symmetric filter (D). Together, these fundamental discoveries also allowed us to create a diverse set of new proteins for exploring biology.
	A) Kim Y, Kato H, Yamashita K, Ito S, Inoue K, Evans K, Paggi J, Dror R, Kandori H,  Kobilka B & Deisseroth K (2018). Crystal structure of a natural anion-conducting channelrhodopsin. Nature 561:343-8. PMC6340299
	B) Kato H, Kim Y, Paggi J, Evans K, Allen W, Inoue K, Ito S, Fenno L, Yamashita K, Richardson C, Wright M, Hilger D, Lee S, Berndt A, Shen K, Kandori H,  Dror R, Kobilka B & Deisseroth K (2018).  Structural mechanisms of selectivity and high-speed gating in anion channelrhodopsins. Nature 561:349-54. PMC6317992
	C) Kishi KE et al. (2022). Structural basis for channel conduction in the pump-like channelrhodopsin ChRmine. Cell 185:672-89. Lead Contact: Deisseroth K. PMC7612760
	D) Tajima S et al. (2023). Structural basis for ion selectivity in K+-selective channelrhodopsins. bioRxiv 2022.10.30.514430; Cell 186(20):4325-44.e26. Lead Contact: Deisseroth K.  PMC7615185

2) Optogenetics  A basic need in the study of biology is to test cause-and-effect relationships, by controlling defined events, in defined cell types, at defined times, in living organisms. Such analyses are important because cellular events are typically most meaningful in the context of other events occurring in the rest of the tissue, the organism and the environment as a whole. Beginning in 2004 I have directed my laboratory in the development and application of optogenetics, via: 1) discovery and development of microbial opsin genes (above) and opsin-based optical control of neurons (publications E,F below); 2) development of guided-light neural interfaces for optical control of cells anywhere in living mammals (e.g. with the fiberoptic interface (Adamantidis et al., Nature 2007; Aravanis et al., J. Neural Engineering 2007; Airan et al., Nature 2009; Gradinaru et al., Science 2009; Deisseroth et al., Nature 2014; Gunaydin et al., Cell 2015) or 2P single-cell control (G,H, Prakash et al., Nature Methods 2012); and 3) discovery and development of targeting strategies for in vivo behavioral studies, including with novel recombinase-dependent opsin viruses (Tsai et al., Science 2009; Sohal et al., Nature 2009; Cardin et al., Nature 2009; Fenno et al., Nature Methods 2014; Fenno et al., Neuron 2020). All together, these advances allowed versatile, specific and reliable control of millisecond-precision cellular activity during animal behavior.
	E) Zhang F, Wang L, Brauner M, Liewald J, Kay K, Watzke N, Bamberg E, Nagel G, Gottschalk A & Deisseroth K (2007). Multimodal fast optical interrogation of neural circuitry. Nature 446:633-9. 10.1038/nature05744
	F) Boyden ES, Zhang F, Bamberg E, Nagel G & Deisseroth K (2005). Millisecond-timescale, genetically targeted optical control of neural activity. Nature Neuroscience 8:1263-8. 10.1038/nn1525
	G) Jennings J, Kim C, Marshel J, Raffiee M, Ye L, Quirin S, Pak S, Ramakrishnan R & Deisseroth K (2019). Interacting neural ensembles in OFC for social and feeding behavior. Nature 565:645-9. PMC6447429
	H) Marshel J, Kim Y, Machado T, Quirin S, Benson B, Kadmon J, Raja C, Chibukhchyan A, Inoue M, Ramakrishnan C, Shane J, McKnight D, Yoshizawa S, Kato H, Ganguli S & Deisseroth K (2019). Cortical layer-specific critical dynamics triggering perception. Science 365:eaaw5202. PMC6711485

3) Cellular underpinnings of animal survival drives  One goal of optogenetics has been to develop a causal understanding of how precise neural circuit activity patterns in specific circuit elements give rise to physiology and behavior. Building on our tools developed above, we have sought to identify cells and projections in the brain that give rise to changes in adaptive or maladaptive behavior, with focus on the survival drives of animals. One thread in this work has been arousal and awakening (e.g. publication I below, identifying the brain cells involved in arousal through unbiased cross-species (mouse/fish) brainwide screening, as well as Adamantidis et al., Nature 2007: the first optogenetic control of behavior in mammals, achieved by delivering precise activity patterns to hypocretin neurons in the lateral hypothalamus to identify the causal neuronal activity underpinnings of sleep-wake transitions). The broad theme of hunger and thirst drives has been fascinating and fruitful as well (e.g. J below, and Richman et al., Nature 2024; in these papers we mapped the natural and causal brainwide implementations of thirst and hunger, traced to cellular origins by precision optogenetics of defined cells in extended hypothalamic structures; see also our work in Allen et al., Science 2017; Augustine et al., Nature 2018; Domingos et al., Nature Neuroscience 2011; as well as Jennings et al., Nature 2019 which extended this approach to cortical single-cell resolution ensembles mediating drive conflicts). These papers explored real-time immediate implementations of thirst and hunger, but for animals, effectively addressing consummatory survival drives also requires forming stable memories of rewarded (e.g. food and water) locations in space and time (leading to questions surrounding the interrelationships of drive and memory, in the universal challenge of foraging). Accordingly, more recently we have explored formation of foraging-related memories with a computational and optogenetic framework for data-driven discovery of neural computations from large-scale neurophysiology data (K below); applying this approach to cell-type-specific neural recordings in the medial habenula (leveraging the remarkable sensitivity of our excitatory opsin ChRmine (see our papers: H above and Chen et al., Nature Biotechnology 2020) to achieve noninvasive deep optotagging of cell types, to link electrically-recorded spikes during behavior to specific cell identity defined by our 3D transcriptomic STARmap method: Wang et al., Science 2018), we identified a neuropeptidergic cell type that integrates the history of consummatory reward delivery through line-attractor dynamics, and we demonstrated a causal link to subsequent behavior. The core idea from this 2022 paper (K)– data-driven discovery of line attractors in behaving mammals– has since resonated in a series of papers from other laboratories as well, in the subsequent years (2023-present). Finally, we developed microbial opsin-based methods to discover cellular mechanisms for formation of spatial memories, relevant to storing reward locations (L below, and our work in Tian et al., Nature Methods 2023; Dudok et al., Science 2024); we used microbial opsins in multiple ways to measure synaptic strength changes between cells during mammalian behavioral timescale plasticity (leveraging opsins that we had earlier discovered, and created via high-resolution structures).
[bookmark: OLE_LINK126][bookmark: OLE_LINK127]	I) Lovett-Barron M, Andalman A, Allen WE, Vesuna S, Kauvar I, Burns VM & Deisseroth K (2017). Ancestral circuits for the coordinated modulation of brain state. Cell 171:1411-23. PMC5725395
	J) Allen W, Chen M, Pichamoorthy N, Tien R, Pachitariu M, Luo L & Deisseroth K (2019). Thirst regulates motivated behavior through modulation of brain-wide population dynamics. Science 364:253. PMC6711472
	K) Sylwestrak EL, Jo YJ, Vesuna S, Wang X, Holcomb B, Tien R, Kim D-K, Fenno L, Ramakrishnan C, Allen WE, Chen R, Shenoy KV, Sussillo D & Deisseroth K (2022). Cell type-specific population-dynamics of diverse reward computations. Cell 185:3568-87. PMC10387374
[bookmark: _Hlk2888627]	L) Fan LZ, Kim DK, Jennings JH, Tian H, Wang PY, Ramakrishnan C, Randles S, Sun Y, Thadhani E, Kim YS, Quirin S, Giocomo L, Cohen AE & Deisseroth K (2023). All-optical physiology resolves a synaptic basis for behavioral time scale plasticity. Cell 86:543–59. PMC10327443

4) Causal circuitry of neuropsychiatric symptoms Causal dynamics of pathological or maladaptive behaviors have been mysterious due to longstanding difficulties in achieving real-time control over the activity of precisely-defined cells and projections. Building on the tools described above, and my own clinical psychiatry training and practice, I have guided investigation of circuit activity underpinnings of animal behaviors related to clinically-relevant states, symptoms, and treatments. We began this work with the first application of optogenetics to brain disease (Gradinaru et al., Science 2009), in which we systematically light-sensitized diverse components of subthalamic nucleus circuitry in parkinsonian rodents, and identified afferent projections as a major causally-relevant direct target of point stimuli such as those used in deep brain stimulation. We followed with causal testing of the different appetitive conditioning value of specific spike patterns in VTA dopamine neurons (Tsai et al., Science 2009) or cholinergic neurons in the nucleus accumbens (Witten et al., Science 2010), in drug-related or natural rewarded behavior. We also were able to discover roles for specific neurons in VTA, dorsal raphe, and habenula in modulating symptom domains of depression-like states (including anhedonia, passive-coping/hopeless-like behavior, and altered risk-taking behavior– Warden et al., Nature 2012; Tye et al., Nature 2013; Ferenczi et al., Science 2016; Zalocusky et al., Nature 2016; Kim et al., Cell 2017; Andalman et al., Cell 2019). In another stream of work, we focused on the cells and projections involved in anxiety-related behaviors (papers M,N below as well as Tye et al., Nature 2011; Adhikari et al., Nature 2015). In M, we showed how the anxious state could be assembled or disassembled from diverse projections to and from the extended amygdala, with risk-avoidance, elevated respiratory rate, and negative valence of anxiety each recruited by separate projections from the BNST, laying the groundwork for causal circuit-dynamics understanding of brain state assembly. In N, we extended this approach to brainwide (body-brain) interactions, addressing a >100 year old mystery regarding the physical nature of emotions posed by the philosopher William James; we found that precisely-elicited pacing of the heart (using our highly-sensitive opsin ChRmine for fast and precise noninvasive control of cardiac function in freely-moving mice) potently influenced anxious states in a specific context-dependent fashion. A third stream of work focuses on social interaction (paper O below, as well as Gunaydin et al., Cell 2014; Selimbeyoglu et al., Science Translational Medicine 2017; Walsh et al., Nature 2018; Jennings et al., Nature 2019); paper O developed and employed a series of highly potent and red-shifted opsins (the C1V1 family) to provide specific shifts in excitation-inhibition (E:I) balance in prefrontal cortex, and discovered profound effects of E:I balance on social interaction (these papers have now led to ongoing clinical trials for autism-spectrum disorder). Finally, paper P below used our novel brain-wide activity screening method to identify circuit dynamics underlying the important neuropsychiatric brain state of dissociation (common in trauma, PTSD, borderline, and many other disordered states); the optical screen and optogenetic testing revealed a rhythmic pattern in posteromedial/retrosplenial cortex and associated thalamic subnuclei that effectively separated activity modules across the brain, preventing joint representations without impairing consciousness and providing a physical quantitative interpretation of the mysterious dissociative state (that in the same paper was found to apply to human beings as well, via stereo-EEG investigation of human dissociation). 
	M) Kim SY, Adhikari A, Lee SY, Marshel JH, Kim CK, Mallory CS, Lo M, Pak S, Mattis J, Lim BK, Malenka RC, Warden MR, Neve R, Tye KM & Deisseroth K (2013). Assembling behavioral states: divergent neural pathways recruit separable anxiety features. Nature 496:219-23. PMC6690364 
	N) Hsueh B, Chen R, Jo Y, Tang D., Raffiee M, Kim YS, Inoue M, Randles S, Ramakrishnan C, Patel S, Kim DK, Liu TX, Kim SH, Tan L, Mortazavi M, Cordero A, Shi J, Zhao M, Ho T, Crow A, Yoo AC, Raja C, Evans K, Bernstein D, Zeineh M, Goubran M & Deisseroth K (2023). Cardiogenic control of affective behavioral state. Nature 615(7951):292-299. PMC9995271
	O) Yizhar O, Fenno L, Prigge M, Schneider F, Davidson T, O’Shea D, Sohal V, Goshen I, Paz J, Stehfest K, Fudim R, Ramakrishnan C, Huguenard J, Hegemann P & Deisseroth K (2011). Neocortical excitation-inhibition balance in information processing and social dysfunction. Nature 477:171-8. PMC4155501
	P) Vesuna S, Kauvar I, Richman E, Gore F, Oskotsky T, Sava-Segal C, Luo L, Malenka R, Henderson J, Nuyujukian P, Parvizi J & Deisseroth K (2020). Deep posteromedial cortical rhythm in dissociation. Nature 586:87-94. PMC7553818
	 
5) Technology and discovery for unbiased brainwide screening  Inspired by the power and elegance of genome-wide and transcriptome-wide screens for genes involved in specific biological functions, which by virtue of global unbiased design reveal the unanticipated, we have sought to design unbiased screens for neural activity. Measuring brainwide signals (including with optogenetics) can be achieved using fMRI (e.g. Lee et al., Nature 2010) but without cellular resolution of readout. Immediate-early gene markers (paper Q below) could provide one path to cellular resolution; hydrogel-tissue chemistry (HTC; Gradinaru et al., Annual Review of Biophysics 2018) is a now widely-diversified technique we developed (the initial version was called CLARITY; paper R) to transform intact tissue into optically transparent and permeable hydrogel-hybridized form, for obtaining high-resolution information while maintaining the intact and global perspective. Paper Q thereby mapped the brainwide representations of positive- vs. negative-valence experience, and our subsequent work extended this approach to include increasingly rich cellular wiring (Lerner et al., Cell 2015) and transcriptomic information (Sylwestrak et al., Cell 2016; STARmap in Wang et al., Science 2018). But transcriptomic measures of activity, while providing cellular spatial resolution, are limited in temporal resolution; accordingly we sought to develop fast unbiased brainwide activity screens by building novel widefield optical methods for Ca2+ (paper S, applied in paper P above; see also Kauvar et al., Neuron 2020, Machado et al., Nature Neuroscience 2022, and Lovett-Barron et al., Cell 2017/Nature Neuroscience 2020). These brainwide unbiased imaging approaches have already met with success, for example allowing detection of the entirely unanticipated mechanism of dissociation noted above in P. Finally in T, we designed a novel species-bridging (mouse/human) brainwide electrical screen, relying on evolutionary conservation to determine the global activity patterns involved in eliciting emotion– for discovery and safety, requiring my careful engagement with patients for deep brainwide neural activity measurement, and design of fast behaviors and medical interventions applicable to both species.  
Q) Ye L, Allen WE, Thompson KR, Tian Q, Hsueh B, Ramakrishnan C, Wang A, Jennings J, Adhikari A, Halpern CH, Witten IB, Barth AL, Luo L, McNab J & Deisseroth K (2016). Wiring and molecular features of prefrontal ensembles representing distinct experiences. Cell 165:1776-88. PMC5708551
R) Chung K, Wallace J, Kim S, Kalyanasundram S, Andalman A, Davidson T, Mirzabekov J, Zalocusky K, Mattis J, Bernstein H, Ramakrishnan C, Grosenick L, Gradinaru V & Deisseroth K (2013). Structural and molecular interrogation of intact biological systems. Nature 497:332-7. PMC4092167
S) Allen W, Kauvar I, Chen M, Richman E, Yang S, Chan K, Gradinaru V, Deverman B, Luo L & Deisseroth K (2017). Global representations of goal-directed behavior in distinct cell types of mouse neocortex. Neuron 94:891-907. PMC5723385
T) Kauvar I, Richman ER, Liu TX, Li C, Vesuna S, Chibukhchyan A, Yamada L, Fogarty A, Solomon E, Choi EY, Mortazavi L, Kung G, Mukunda P, Raja C, Gil-Hernández D, Patron K, Zhang X, Brawer J, Wrobel S, Lusk Z, Lyu D, Mitra A, Hack L, Luo L, Grosenick L, van Roessel P, Williams LM, Heifets BD, Henderson JM, McNab JA, Rodríguez CI, Buch V, Nuyujukian P & Deisseroth K (2025). Conserved brain-wide emergence of emotional response from sensory experience in humans and mice. Science May 29;388(6750):eadt3971. PMC12286656

Complete List of Published Work: https://pubmed.ncbi.nlm.nih.gov/?term=deisseroth+K&sort=date
