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Vision My group invents, and applies, technologies that enable the systematic mapping, analysis, 
and repair of the brain and other complex biological systems. Our philosophy is to try to bring 
the observation and fixing of such complex systems to a “ground truth” level, so that we can 
understand and address the fundamental mechanisms of operation of these systems. We are 
developing tools that enable molecular mapping of biological systems with nanoscale 
precision, recording of the high-speed molecular and signaling dynamics of brain circuits and 
other biological systems, and control of the electrical and signaling activity of brain cells using 
new molecular tools engaged by pulses of light. Ultimately we hope to create technologies 
that enable the correction of brain disorders and other complex diseases that affect almost 
everyone, directly or indirectly, and to provide insights into how the brain generates thoughts 
and feelings, essential to understanding the human condition. 

Research 
and work 
activities 

Massachusetts Institute of Technology, Cambridge, MA (July 2020-present) 
Y. Eva Tan Professor in Neurotechnology at MIT 
Howard Hughes Medical Institute, Investigator 
Full Professor with Tenure, MIT Departments of Brain and Cognitive Sciences, Media Arts  
     and Sciences, and Biological Engineering 
Investigator, MIT McGovern Institute 
Extramural Member, MIT Koch Institute for Integrative Cancer Research 
Leader, Synthetic Neurobiology Group 
Co-director, MIT Center for Neurobiological Engineering  
Inventing, and applying, tools for systematic analysis and engineering of the brain. 
 
Massachusetts Institute of Technology, Cambridge, MA (July 2019-June 2020) 
Y. Eva Tan Professor in Neurotechnology at MIT 
Full Professor with Tenure, MIT Media Lab, MIT Departments of Biological Engineering and  
     Brain and Cognitive Sciences 
Investigator, MIT McGovern Institute 
Extramural Member, MIT Koch Institute for Integrative Cancer Research 
Leader, Synthetic Neurobiology Group 
Co-director, MIT Center for Neurobiological Engineering  
Inventing, and applying, tools for systematic analysis and engineering of the brain. 
 
Massachusetts Institute of Technology, Cambridge, MA (July 2014-Jun 2019) 
Y. Eva Tan Professor in Neurotechnology at MIT (2018-on) 
Associate Professor with Tenure, MIT Media Lab, MIT Departments of Biological Engineering  
     and Brain and Cognitive Sciences 
Investigator, MIT McGovern Institute 
Extramural Member, MIT Koch Institute for Integrative Cancer Research (2017-on) 
Leader, Synthetic Neurobiology Group 
Co-director, MIT Center for Neurobiological Engineering  
Inventing, and applying, tools for systematic analysis and engineering of the brain. 
 
Massachusetts Institute of Technology, Cambridge, MA (Jan 2011-Jun 2014) 
Associate Professor, MIT Media Lab (Benesse Career Development Professor 2011-2013,  
     AT&T Career Development Professor, 2013-2014), MIT Departments of Biological  
     Engineering and Brain and Cognitive Sciences 
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Investigator, MIT McGovern Institute 
Leader, Synthetic Neurobiology Group 
Co-director, MIT Center for Neurobiological Engineering (2013-on) 
Inventing tools for systematic analysis and engineering of the brain. 
 
Massachusetts Institute of Technology, Cambridge, MA (Jan 2007-Jan 2011) 
Assistant Professor, MIT Media Lab (Benesse Career Development Professor), MIT  
     Department of Biological Engineering (2007-on), MIT Department of Brain and Cognitive  
     Sciences (2008-on) 
Investigator, MIT McGovern Institute (2010-on) 
Leader, Synthetic Neurobiology Group 
Inventing tools for systematic analysis and engineering of the brain. 
 
Massachusetts Institute of Technology, Cambridge, MA (Nov 2006-Jan 2007) 
Visiting Scientist, MIT Media Lab; Leader, Neuroengineering and Neuromedia Group 
Inventing tools for systematic analysis and engineering of the brain. 
 
Stanford University, Stanford, CA (Oct 2005-Oct 2006) 
Helen Hay Whitney postdoctoral fellow, Depts. of Bioengineering, Applied Physics, Biological 
Sciences, with Drs. Mark Schnitzer and Karl Deisseroth  
Inventing optical methods for accelerating neuroscience progress. 
 
Stanford University, Stanford, CA (Sep 1999-Oct 2005) 
Hertz predoctoral fellow, NIH NRSA predoctoral fellow, Program in Neurosciences, Depts. of 
Molecular and Cellular Physiology and Neurobiology, with Drs. Jennifer Raymond and 
Richard Tsien. 
Studied how neural circuits selectively engage plasticity to store specific memories.  
Co-developed optogenetics (an independent side collaboration, parallel to PhD work). 
 
Bell Labs, Lucent Technologies, Murray Hill, NJ (1998-99) 
Research assistant, with Drs. Sebastian Seung and Michale Fee. 
Created an elementary phase-resetting model of birdsong stochasticity. 
Helped implement active electrode stabilizer for neural recordings in awake animals. 
 
Massachusetts Institute of Technology, MIT Media Lab, Cambridge, MA (1998-99) 
Graduate research, with Dr. Neil Gershenfeld. 
Design and fabrication of prototype nuclear magnetic resonance (NMR) quantum computer. 
Engineered control software for the MIT ORCA-1 autonomous submarine.  
Designed hardware for a MEMS accelerometer using electron-tunneling.  
 
Massachusetts Institute of Technology, MIT Media Lab, Cambridge, MA (1996-98) 
Research assistant, with Dr. Neil Gershenfeld. 
Programmed machine-learning tools for reconstructing dynamics of a digital violin.  
Created 3D, non-contact interactive design program based on electric field imaging of hands. 
 
Activision, Inc., Santa Monica, CA (1997) 
Research programmer 
Designed real-time, physics-based animation engine for video games. 
 
University of North Texas Chemistry Department, Denton, TX (1994-95) 
Research assistant, with Dr. Paul Braterman 
Research on the origins of life; synthesized and analyzed layered double hydroxides with 
intercalated anions. 

Education Stanford University, Stanford, CA (1999-2005) 
GPA: 4.1/4.0 
PhD, Neurosciences 
Thesis title: Task-specific neural mechanisms of memory encoding 
Advisors: Drs. Jennifer Raymond and Richard Tsien. 
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Massachusetts Institute of Technology, Cambridge, MA (1995-99) 
GPA: 5.0/5.0 
M.Eng., Electrical Engineering and Computer Science 
B.S., Electrical Engineering and Computer Science 
B.S., Physics 
Thesis title: Quantum Computation: Theory and Implementation  
Advisor: Dr. Neil Gershenfeld 
 
Texas Academy of Mathematics and Science, University of North Texas, Denton, TX 
(1993-95) 
GPA: 4.0/4.0  

Major 
awards and 
honors 

International prizes and honors: 
2020, Wilhelm Exner Medal 
2019, Lennart Nilsson Award  
2019, Croonian Medal 
2019, Warren Alpert Foundation Prize 
2019, Rumford Prize  
2018, Canada Gairdner International Award 
2016, Breakthrough Prize in Life Sciences 
2015, BBVA Foundation Frontiers of Knowledge Award 
2015, Carnegie Prize in Mind and Brain Sciences 
2013, Jacob Heskel Gabbay Award 
2013, Grete Lundbeck European Brain Research Prize (“The Brain Prize”) 
2011, Perl/UNC Neuroscience Prize  
 
Honorary memberships: 
2019, National Academy of Sciences, elected member 
2017, American Institute for Medical and Biological Engineering (AIMBE) College of Fellows, 

elected member 
2017, National Academy of Inventors, elected member 
2017, American Academy of Arts and Sciences, elected member 
 
Honorary grant awards and positions: 
2020, Howard Hughes Medical Institute, Investigator 
2017, 2013, 2012, NIH Director’s Transformative Research Award 
2016, Howard Hughes Medical Institute Simons Faculty Scholar 
2013, NIH Director's Pioneer Award 
2011, New York Stem Cell Foundation-Robertson Investigator Award 
2011, NSF CAREER Award  
2011, A F Harvey Prize 
2010, Paul Allen Distinguished Investigator Award in Neuroscience 
2008, NARSAD Young Investigator Award 
2008, Alfred P. Sloan Research Fellowship 
2007, NIH Director’s New Innovator Award 
2007, Wallace H. Coulter Foundation Early Career Translational Research Award in 

Biomedical Engineering 
 
Junior investigator prizes and awards: 
2018, Blavatnik National Award for Young Scientists, Life Sciences, Finalist 
2015, Society for Neuroscience Young Investigator Award 
2014, Schuetze Award in Neuroscience 
2006, Technology Review TR35, World’s Top 35 Innovators under Age 35 
 
Other awards and honors: 
2018, Charles C. Shepard Award, Laboratory Science, Centers for Disease Control 
2018, Larry J. Anderson Award for Outstanding Public Health Service, Centers for Disease 

Control, National Center for Immunization and Respiratory Diseases 
2017, Drexel Prize in Biotechnology 
2017, The Scientist: Top Technical Advances in 2017 (robotic image-guided patch clamping) 
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2017, Nature Methods Method to Watch (Expansion Microscopy) 
2016, TED Summit, Invited Speaker 
2016, Boston Globe, 2016 Game Changers  
2014, Academy of Achievement, Delegate 
2013, 10 Life Science Superstars 40 and Under, Genetic Engineering & Biotechnology News 
2013, World Economic Forum, Young Scientist 
2012, Wired, “Smart List 2012: 50 People Who Will Change the World” 
2011, TED, Invited Speaker 
2010, Nature Methods Method of the Year (Optogenetics) 
2010, Eppendorf and Science Prize for Neurobiology, Finalist   
2007, Society for Neuroscience, Research Award for Innovation in Neuroscience (RAIN) 
2006, Fannie and John Hertz Foundation, Top Ph.D. Thesis Prize 
2005, Helen Hay Whitney Fellowship 
2004, Dan David Prize Scholarship (Future Dimension, Brain Sciences) 
1999, Fannie and John Hertz Fellowship 
1998, International Autonomous Underwater Vehicle Competition, 1st place 
 
Named lectureships and keynotes (selected; full list at end) 
2020, Neuronexus Neurotechnologies Symposium, keynote. (virtual) 
2020, Keynote, Optogenetics and Optical Manipulation 2020, SPIE Photonics West, San 

Francisco, CA. 
2020, Keynote, 18th International Symposium on Neural Regeneration, Asilomar, California. 
2019, Gurley Lecture, UC Santa Barbara. 
2019, Optogenetic Technologies and Applications, AIChE / Society for Biological Engineering, 

Boston MA, keynote 
2019, Fredric S. Fay Memorial Lecture, U Mass Medical  
2019, Britton Chance Lecture for Advances in Basic Imaging Research, World Molecular 

Imaging Congress, Montreal, Canada. 
2019, Keynote, OptoDBS, Geneva. 
2019, Beatrice and Jacob H. Conn Lectureship in Regenerative Medicine, Johns Hopkins 

University. 
2018, Presidential Distinguished Lecturer, 57th Annual Meeting, American College of 

Neuropsychopharmacology, Hollywood, Florida.  
2018, Keynote, 4th Science for Life Conference, Utrecht Life Sciences.  
2018, Expansion Microscopy, Keynote, Labeling and Nanoscopy, Heidelberg, Germany. 
2018, Gairdner Lecture, U Alberta, Edmonton, Canada. 
2018, Gairdner Lecture, U Calgary, Calgary, Canada. 
2018, Gairdner Lecture, U Toronto, Toronto, Canada. 
2018, Keynote Fireside Chat, Synbiobeta 2018, San Francisco, CA.  
2018, Keynote, Gather Festival, Stockholm, Sweden. 
2018, International Conference on Pattern Recognition and Artificial Intelligence, Montreal, 

Canada, keynote 
2018, Imaging: Innovations to Enhance Aging Research, Geroscience Interest Group, NIH, 

keynote 
2018, Optogenetics and Optical Manipulation, SPIE Photonics West, San Francisco, CA, 

Keynote. 
2017, Single Cell Analyses, Cold Spring Harbor Laboratory, Keynote, Cold Spring Harbor, 

NY. 
2017, Nanotechnology in Medicine Network, Keynote, University of Manchester 
2017, Roger Tsien Keynote Lecture, 32nd Congress of the International Society for 

Advancement of Cytometry 
2017, Breakthroughs in Biology (Hadad) lecture, Haverford College 
2017, Boston Photonics Centennial, keynote 
2017, Foundations of Nanoscience, keynote 
2016, Karen L. Wrenn Lectureship, Duke University 
2016, Optogenetics Day, Keynote, Neurex, Strasbourg, France 
2016, Litwack Lecture, North Carolina State University  
2016, Schueler Lecture, Tulane University 
2016, Hello Tomorrow Global Summit, Keynote, Paris, France 
2016, National Society for Histotechnology Annual Symposium, Keynote Lecture 
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2015, Keynote, Gulf Coast Cluster for Neuroengineering 5th Annual Symposium, Houston, 
TX. 

2015, NIH Director’s Lecture, NIH 
2015, Milton Gordon Lecturer, University of Washington 
2015, Crill Lecturer, University of Washington  
2015, SPIE Optogenetics Conference, Keynote 
2014, “Talking Science” Lecture, Munich, Germany  
2014, Gordon Conference, Membrane Transport Proteins, Keynote 
2014, Special Lecturer, 9th FENS Forum of Neuroscience 
2014, Featured Plenary Speaker, Canadian Neuroscience Meeting 
2014, Carl P. Duncan Lecturer, Northwestern University 
2014, Edward Llewellyn-Thomas Lecturer, University of Toronto  
2014, Theodore Koppanyi Lecturer, Georgetown University 
2014, Director’s Special Colloquium, Argonne National Laboratory 
2014, Brain Prize Talk, XXVIII Sandbjerg Symposium, Danish Society for Neuroscience 
2013, Herman P. Schwan Lecturer, University of Pennsylvania 
2013, Marine Biology Laboratory, Friday Evening Lecturer 
2013, Leica Scientific Forum Lecturer 
2013, Georgia Tech/Emory University “Young Innovator In Biomedical Engineering” 
2013, Brain Prize Meeting, Keynote Address     
2013, Neuroscience Day Lecturer, University of New Mexico 
2013, Society for Neuroscience, Symposium Speaker 
2012, Bagrit Lecturer, Imperial College London  
2012, 2013, 2016, World Economic Forum, Davos, Switzerland, Invited Speaker 
2012, The Brain: An Owner’s Guide Lecture, UT Dallas Center for Brainhealth  
2011, Sackler Lecturer, Leiden University Medical Center 
2011, SPIE “Hot Topics” Opening Session, Plenary Lecturer 
2011, Mahoney Institute of Neurological Sciences Retreat, University of Pennsylvania, 

Keynote 
2011, Honors Colloquium, University of Rhode Island 
2011, 4th Conference on Artificial General Intelligence, Keynote Address  
2011, Taiwan Neuroscience Society Meeting, Keynote Address 
2011, Issekutz Memorial Lecturer, Dalhousie University  
2010, Spivack Distinguished Lecturer, Boston University 
2008, NIMH Annual Retreat, Keynote Lecture 

Other 
training 

Cold Spring Harbor Laboratories, Cold Spring Harbor, NY (2001) 
Biology of Memory: From Molecules to Behavior, Summer Course 
Directors: Drs. Kelsey Martin, Jack Byrne, Howard Eichenbaum, Larry Squire 
 
Marine Biological Laboratory, Woods Hole, MA (2000) 
Neural Systems and Behavior, Summer Course 
Directors: Drs. Catherine Carr and Rick Levine  

Classes 
Taught 

Applications of Neuroengineering, MAS.882/9.433, MIT (Spring 2008, Spring 2009) 
Project-focused course in which students take top-down approach to developing technologies 
that address critical clinical and basic-science problems of human brain function. Focus is on 
application of engineering principles to development of systematically powerful tools. 
Problem domains include neurological/psychiatric disorders, consciousness, and human 
cognitive augmentation. Students work in teams to apply cross-disciplinary (e.g., molecular, 
physical, nanotechnological) building blocks to design new tools for the analysis and 
engineering of the brain. 
 
Bioinstrumentation Project Lab, 20.345, MIT (Spring 2011, Spring 2012, Spring 2013, 
Spring 2014, Spring 2015, Spring 2016, Spring 2018) 
In-depth examination of instrumentation design, principles and techniques for studying 
biological systems, from single molecules to entire organisms. Lectures cover optics, 
advanced microscopy techniques, electronics for biological measurement, magnetic 
resonance imaging, computed tomography, MEMs, microfluidic devices, and limits of 
detection. Students select two lab exercises during the first half of the semester and 
complete a final design project in the second half. Lab emphasizes design process and 
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skillful realization of a robust system. (Taught in collaboration with M. F. Yanik, S. Nagle, P. 
So, S. Wasserman, M. Jonas, E. Frank, and others.)  
 
Biological Instrumentation and Measurement, 20.309, MIT (Spring 2009, Spring 2010, 
Spring 2014, Spring 2015, Spring 2016, Spring 2017, Spring 2018, Spring 2019) 
Sensing and measurement aimed at quantitative molecular/cell/tissue analysis in terms of 
genetic, biochemical, and biophysical properties. Methods include light and fluorescence 
microscopies, and electro-mechanical probes (atomic force microscopy, optical traps, MEMS 
devices). Application of statistics, probability, signal and noise analysis, and Fourier 
techniques to experimental data. Preferences given to juniors and seniors. (Taught in 
collaboration with M. F. Yanik, S. Nagle, P. So, S. Wasserman, M. Jonas, E. Frank, and 
others.) 
 
Neurotechnology Ventures, MAS.883/9.455/20.454/15.128 (MAS.961/9.912J/HST.588 in 
Spring 2007; MAS.883/9.455/20.454/15.128/HST.588 Fall 2008-Fall 2009), MIT (Spring 
2007, Fall 2008, Fall 2009, Fall 2010, Fall 2011, Fall 2012, Fall 2013, Fall 2014) 
A special seminar focused on the challenges of envisioning, planning and building startups; 
commercializing innovations from neuroscience; and the blossoming domain of 
neuroengineering. (Taught in collaboration with J. Bonsen and R. Ellis-Behnke.)  
 
Principles of Neuroengineering, MAS.881/9.422/20.352 (starting Fall 2017)/20.452, MIT 
(Fall 2007, Fall 2008, Fall 2009, Fall 2010, Fall 2011, Fall 2012, Fall 2013, Fall 2014, Fall 
2015, Fall 2017, Fall 2018, Fall 2019, Fall 2020) 
Covers principles underlying current and future technologies for brain analysis and 
engineering, for neurology, psychiatry, and neuroscience. Focuses on using biophysical, 
biochemical, and anatomical models to understand technology design constraints governing 
ability to observe and alter brain function. Topics include functional magnetic resonance 
imaging, electromagnetic recording/stimulation, neuropharmacology, optical cellular imaging, 
and gene/stem-cell therapy. Design projects by student teams. 
 
Revolutionary Ventures, MAS.883/9.455/20.454/15.128, MIT (Fall 2015, Fall 2017, Fall 
2018, Fall 2019, Fall 2020) 
Seminar on envisioning and building ideas and organizations to accelerate engineering 
revolutions. Focuses on emerging technology domains, such as neurotechnology, imaging, 
cryotechnology, gerontechnology, and bio-and-nano fabrication. Draws on historical 
examples as well as live case studies of existing or emerging organizations, including labs, 
institutes, startups, and companies. Goals range from accelerating basic science to 
developing transformative products or therapeutics. Each class is devoted to a specific area, 
often with invited speakers, exploring issues from the deeply technical through the strategic. 
Individually or in small groups, students prototype new ventures aimed at inventing and 
deploying revolutionary technologies. (Taught in collaboration with, over the years, J. 
Bonsen, J. Weis, D. Dudley, J. Jacobson, and A. Marblestone.) 

Social and 
professional 
activities 

Advisory roles 
2018, NINDS P30-funded cellular imaging core at Harvard Medical School/Boston Children’s 

Hospital, External Committee Member 
2018-on, Brainmind, Core Advisor 
2014, The Brain Challenge, Advisor 
2013, University of Pennsylvania Gene Therapy Center, steering committee 
2012, confidential foundation, advisory committee 
2012, Tufts Center for Neuroscience Research, Science Advisor 
2011, Faculty of 1000 (F1000), Member 
2010-present, Technology Review TR35 Young Innovators Under 35, Judge 
2010, Cognitive Rhythms Collaborative (Boston-wide network working on brain dynamics), 

executive committee 
2010, Aspen Brain Forum, Scientific Advisory Board 
2009, Lifeboat Foundation, Advisory Board 
2007-present, Fannie and John Hertz Foundation, Fellowship Interviewer  
 
Invited workshops, panels, and events 
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2020, Department of Energy Roundtable, Bioimaging Capabilities to Enable Mapping of the 
Neural Connections in a Complex Brain, invited participant 

2020, SynBioBeta, Synthetic biology and the brain, invited panelist 
2019, Convergence Forum, Chatham, MA, invited panelist 
2018, Gordon Research Conference, Optogenetic Approaches to Understanding Neural 

Circuits and Behavior, Newry, ME, discussion leader 
2018, Tapping, Zapping, Hacking and Mapping the Nervous System through pioneering 

Bioelectronic Nerve Implants and Neural AI to Stop Chronic Disease, BIO 
International Convention, invited panelist  

2018, Cyborgs, Futurists, & Transhumanism: A Conversation, Institute for Cross-Disciplinary 
Engagement at Dartmouth College/Museum of Science, Boston, MA, invited panelist 

2018, Pilot Projects for a Human Cell Atlas, Chan Zuckerberg Initiative Science investigator 
meeting, invited participant 

2017, UT Dallas BrainHealth 2027 Collaborators Conference, Center for BrainHealth/Brain 
Performance Institute, invited participant 

2017, Forbes 30 Under 30 Summit, invited panelist. 
2017, Organ Banking Summit, Harvard University, invited panelist 
2017, NIH Workshop, Cutting Edge Science Meeting to End the Opioid Crisis, Understanding 

the Neurobiological Mechanisms of Pain, National Institutes of Health, Bethesda, 
MD, invited participant. 

2017, Renaissance Weekend, Park City, Utah, invited participant. 
2017, Curiosity Camp, Boulder Creek, CA, invited participant and session chair 
2017, Things that Will Blow your Mind panel, Milken Global Conference, Los Angeles, CA. 
2017, Panel, AI Frontiers - Straight from the Labs, MIT Club of Northern California Spotlight 

Conference, Redwood City, CA.  
2017, Human Cell Atlas Meeting, Chan Zuckerberg Science, Stanford, CA, invited participant 
2016, Breakthrough Prize Panel, Theory of Everything, Berkeley, CA 
2016, Enhancing Humans: How Far Can We Go?, Panel, Hello Tomorrow Global Summit, 

Paris, France 
2016, “Convergence: The Future of Health,” MIT Washington Office, Science Advisor 
2016, Reddit AskScience “Ask Me Anything” 
2016, NIMH Convergent Neuroscience Virtual Workshop 
2015, Breakthrough Prize Panel, Why is the Universe Understandable?, Berkeley, CA 
2015, Kavli Futures Symposium, Is it time for national BRAIN observatories?, Argonne 

National Laboratory 
2015, Epilepsy Innovation Meeting, Epilepsy Foundation, Cambridge MA 
2015, Kavli Workshop on Cortical Computation, Cambridge MA 
2015, NIH Workshop on Defining Cellular Phenotypes, invited participant 
2015, Dialog Retreat, invited participant 
2015, Neural Engineering and Systems Design BootCamp, DARPA, invited participant 
2014, Simons Foundation Autism Research Initiative, Circuit Dynamics Workshop 
2014, Jackson Hole Science Media Awards, Panelist, Idea Salon: The Brain 
2014, Allen Institute for Brain Science, Human Cell Types Advisory Council Meeting  
2014, 9th FENS Forum on Neuroscience, Big Questions in Neuroscience, invited panelist 
2014, NSF Panel, Surprising Reasons Why We Need Biodiversity, invited panelist 
2013, 1st International Workshop on Mammalian Synthetic Biology, discussion leader 
2013, NSF Workshop on Mapping and Engineering the Brain, Arlington, VA, invited 

participant 
2013, NIH Advisory Committee to the Director, Brain Research through Advancing Innovative 

Neurotechnologies (BRAIN) Working Group Meeting, Invited Participant 
2013, Physical and Mathematical Principles of Brain Structure and Function, Workshop 

Sponsored by NSF & Kavli Foundation 
2012, 8th Kavli Futures Symposium: Tool Development for the Brain Activity Map, invited 

participant 
2012, Dahlem Conference, Optogenetics, Invited Participant 
2012, ’13, ’16, World Economic Forum, Davos, Switzerland, Discussion Leader 
2011, Milken Institute, Accelerating Innovation in the Bioscience Revolution, Invited 

Participant and Panelist 
2011, Allen Institute for Brain Science, Neural Coding Meeting, Invited Participant 
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2011, Arnold and Mabel Beckman Initiative for Macular Research, National Academies of 
Sciences, Arnold and Mabel Beckman Center, Irvine, CA, invited participant 

2010, Science Magazine, advisory workshop 
2010, XPrize Workshop, “Brain-Computer Interfaces: Igniting a Revolution”, featured advisor  
2010, European Commission, Medical Devices Expert Group, invited panelist  
2008, National Academies Keck Futures Initiative 2008: Complex Systems, Arnold and Mabel 

Beckman Center, Irvine, CA, invited participant 
2008, NIH Blueprint for Neuroscience Research, Pain Grand Challenges/Transformative R01 

Workshop, invited participant  
2007, NIH Blueprint for Neuroscience Research, Neuroplasticity Workshop, invited 

participant  
2006, ’07, ’10, ’12, ’15, ‘18 Science Foo (SciFoo) camp, Nature / Google / O’Reilly, invited 

participant  
2006, United Kingdom Office of Horizon Scanning, Institute for the Future, Palo Alto, CA, 

invited workshop participant 
 
Teaching outside of MIT 
2019, Norwegian Research School of Neuroscience Summer School in Neuroscience, 

Molecular Genetic Tools for the Study of Neural Circuits, Tromso, Norway, lecturer 
2019, Prospects in Theoretical Physics, "Great Problems in Biology for Physicists," Institute 

for Advanced Study, lecturer 
2019, CAJAL Course on Interacting with Neural Circuits, Lisbon, Portugal, lecturer 
2019, Novel Technologies for the Study of Cognitive Function, Neuroscience School of 

Advanced Studies, Venice, Italy, lecturer. 
2018, Society for Neuroscience Short Course, "Functional, Structural, and Molecular 

Imaging, and Big Data Analysis," lecturer 
2017, Frontiers in Imaging Lecture, Analytical & Quantitative Light Microscopy Course, 

Marine Biology Laboratory, Woods Hole, MA. 
2016, ’17, ’19, Research Update in Neuroscience for Neurosurgeons Course, Marine Biology 

Laboratory, Woods Hole, MA. 
2015, Frontiers in Neurophotonics Summer School, Quebec City, Canada  
2014, Marine Biology Laboratory, Brains Minds and Machines Course, Visiting Faculty 
2013, Society for Neuroscience Short Course, "The Science of Large Data Sets: Spikes, 

Fields, and Voxels," lecturer 
2013, Cold Spring Harbor Ion Channels and Synaptic Transmission Course, Visiting Faculty 
2012, Marine Biology Laboratory, Neurobiology Course, Visiting Faculty 
2011, FENS-IBRO-SFN Summer School, Causal Neuroscience, Bertinoro, Italy, Faculty 
2011, ’13, Marine Biology Laboratory, Neural Systems and Behavior Course, Visiting Faculty 
2009, Society for Neuroscience Short Course, “Rhythms of the Neocortex: Where Do They 

Come From and What Are They Good For?”, lecturer 
 
Conference organizing 
2020, Learning Meaningful Representations of Life (LMRL) Workshop, NeurIPS 2020, 

organizer 
2018, Society for Neuroscience Short Course, "Functional, Structural, and Molecular 

Imaging, and Big Data Analysis," co-organizer 
2018, Reconfiguring the Landscape for the Alzheimer’s Challenge Workshop, Wequassett 

Resort, Harwich, MA, steering committee 
2018, The Blood-Brain Barrier: An Obstacle to Effective Therapies, Brigham Neurosurgery / 

MIT / Sontag Foundation Conference, MIT, Cambridge, MA, co-organizer 
2017, Kavli Futures Symposium on Next-Gen, Open-Source Neurotechnology Dissemination, 

Los Angeles, CA, co-organizer 
2017, UCSB/MIT Alzheimer's Conference, Steering Committee  
2017, 17th Congress of the European Light Microscopy Initiative, scientific advisory board 
2016, Expansion Microscopy Workshop, Janelia Research Campus, co-organizer 
2016, Optogenetics in Neuroscience, Symposium Chair, Biophysical Society 60th Annual 

Meeting, Los Angeles, CA. 
2015, NYSCF Immunoengineering Workshop, Co-Chair 
2014, IEEE EMBS BRAIN Grand Challenges Conference, International Program Committee 
2014-2017, Minnesota Neuromodulation Symposium, Program Committee 
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2013, Cognitive Rhythms Collaborative “Rhythmic Dynamics and Cognition” Conference, 
Organizing Committee 

2013, "Optogenetics and optical control of biological processes", Symposium co-chair, CLEO 
conference, San Jose, CA 

2013, European Conferences on Biomedical Optics (ECBO), Neurophotonics program 
committee 

2012, SPIE BiOS 2012 Meeting, Neurons and Photons Conference, San Jose, CA, Program 
Committee 

2010, Computational and Systems Neuroscience (CoSyNe) Meeting, reviewer 
2010, Society for Neuroscience Meeting, Mini-Symposium Co-Chair, Towards the Second 

Generation of Optogenetic Tools, San Diego, CA 
2010-2015, Society for Neuroscience, Newsworthy Items Reviewer 
2010, Program Committee, First Augmented Human International Conference, ‘10, Megeve, 

France. 
2009, SPIE BiOS 2009 Meeting, Neurons and Photons Conference, San Jose, CA, Program 

Committee 
2008, Computational and Systems Neuroscience (CoSyNe) Meeting, Workshop Organizer, 

How to solve systems neuroscience problems with molecular tools, Snow Bird, Utah 
2007, BodyNets 2007 Conference, Florence, Italy, Technical Program Committee member 
 
Editing and writing 
2020-present, Molecular Frontiers, editorial board 
2019-present, IEEE Open Access Journal of Engineering in Medicine and Biology (OJEMB), 

Advisory Board 
2016-present, Network Neuroscience, Editorial Board 
2014-present, Neural Computation, Editorial Board 
2014-present, Bioelectronic Medicines, Editorial Board 
2013-2018, Journal of Neural Engineering, Editorial Board 
2012-2013, Optogenetics, Editorial Board 
2012, Neural Systems & Circuits, Editorial Board 
2012, Progress In Brain Research, invited co-editor of vol. 196, “Optogenetics” 
2011, The Scientist, invited writer (cover story, July 2011 issue) 
2011, Dana Foundation, invited writer ("Cerebrum" magazine, November/December 2011) 
2010, SPIE Newsroom, invited writer 
2000, NINDS Conference on Computational and Theoretical Neuroscience: From Synapse to 

Circuitry, writer 
 

Other events 
2014, White House, BRAIN Initiative Conference, Invited Participant 
2013, White House/Pres. Obama BRAIN Initiative Launch, Invited Participant 
 
Reviewing 
2017, Open Philanthropy 
2017, NIH New Innovator Award, Final Review Committee 
2016-on, Breakthrough Prize in Life Sciences, Selection Committee  
2016, Special Emphasis Panel ZRG1 IFCN-J(02) 
2016, 2016/05 ZRG1 MOSS-C (56) R RFA RM13-007: New Innovator Award 
2015, NIH 2016/01 BVS - Biology of the Visual System Study Section 
2015, NIH 2015/10 NSD-C, Neurological Sciences and Disorders C 
2015, NIH 2015/05 ZRG1 MOSS-C (56) R - RFA RM13-007: New Innovator Award 
2014, IEEE EMBS BRAIN Young Investigator Competition, Judge 
2014, NEI 2015/01 ZEY1 VSN (03) 2 - NEI K Training Grant Applications 
2014, NIH 2014/05 ZRG1 ETTN-H (53) R - Center for Scientific Review Special Emphasis 

Panel 
2013, 2014/01 RRDS R Rehabilitation Research and Development SPiRE Review Group, US 

Veterans Administration 
2012, Knut and Alice Wallenberg Foundation 
2012, National Institutes of Health Study Section ZRG1 ETTN-H (50) R 
2012, National Institutes of Health Study Section, ZRG1 BCMB-A (51) R, Transformative R01 

Reviewing 
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2012, 2013, confidential evaluator, two awarding foundations 
2011, CIMIT  
2011, Michael J. Fox Foundation 
2010-2014, National Institutes of Health Molecular Neurogenetics (MNG), Study Section 

Member 
2010, Vienna Science and Technology Fund 
2010, European Commission  
2010, U. S. Veterans Administration 
2010, 2012, 2014, Human Frontiers Science Program  
2010, Israeli Science Foundation  
2010 February, 2010 June, National Institutes of Health Study Section, Molecular 

Neurogenetics 
2010, Duke Institute for Brain Sciences  
2009, Wellcome Trust 
2009, NIH Challenge Grants 
2008, Alberta Ingenuity Fund (Ingenuity Centres Program)  
2008, National Institutes of Health Study Section ZRG1 MDCN-B(90), Tools to Investigate 

Neural Circuit Development 
2007, National Institutes of Health Study Section ZRG1 MDCN-P(02), Neurodegeneration 

and Disease Mechanisms 
2006-present, National Science Foundation  
 
Reviewer for journals:  
ACS Nano 
ACS Omega 
Biophysical Journal 
Cell 
Cell Reports 
Cell Research 
Chemical Communications 
Current Biology 
Drug Discovery Today 
eLife 
Frontiers 
IEEE Journals 
Journal of Microscopy 
Journal of Neural Engineering 
Journal of Neurophysiology 
Journal of Neuroscience 
Journal of Neuroscience Methods 
Journal of Selected Topics in Quantum Electronics 
Lasers in Surgery and Medicine 
mBio 
Methods 
Nature 
Nature Biomedical Engineering 
Nature Biotechnology 
Nature Cell Biology 
Nature Chemical Biology 
Nature Chemistry  
Nature Methods 
Nature Neuroscience 
Nature Protocols 
Neuron 
Neurophotonics 
PLoS ONE 
PLoS Biology 
Proceedings of the National Academy of Sciences 
Science 
Scientific Reports 
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Memberships 
2000-present, Society for Neuroscience, member 
 
MIT 
2020, MIT Climate Grand Challenge workshop, presenter and participant 
2020-on, K. Lisa Yang and Hock E. Tan Center for Molecular Therapeutics in Neuroscience, 

founding member 
2020, MIT Tech Day, featured speaker 
2019-on, MIT Alana Down Syndrome Center, core collaborator 
2019-2020, Responsible Conduct in Science, MIT BCS IAP Course 9.S911, guest lecturer 
2018, Visit to MIT by Prime Minister of Canada, presenter   
2018, Koch Institute Summer Student Seminar Series, lecturer 
2018, MIT Media Lab Disobedience Prize, jury 
2018, MIT Media Lab Adventurous Scientist Fellowship, jury 
2017-on, Institute for Soldier Nanotechnologies, member 
2017, Pinpointing the Cure of all Brain Disease, The MIT Connection lecturer, New York City, 

NY.  
2017, MIT Cog Lunch, speaker 
2017, Ragon Institute, Global Health Innovation Partnership Annual Meeting, lecturer and 

participant 
2016, MIT Research and Development Conference, lecturer 
2016, MIT President’s Convocation for Incoming Freshmen, speaker 
2016, MIT Freshman Pre-Orientation Program, Discover Brain and Cognitive Sciences, 

Lecturer 
2016, MIT PRIMES (Program for Research in Mathematics, Engineering and Science for 

High School Students) program, faculty mentor 
2016, MIT Media Lab Artificial Intelligence and Governance Meeting, Participant  
2016, MIT Sidney Pacific Presidential Fellows Distinguished Lecture Series, "Reverse 

Engineering, and Repairing, the Brain and Mind," with Alan Jasanoff  
2015, visit to MIT by U.S. Secretary of Defense, presenter 
2015, CBMM Retreat, Entrepreneurship tutorial lecturer 
2015, CBMM Summer Workshop for Teachers about the Brain, lecturer 
2015, The Accenture and MIT Alliance on Business Analytics, Spring Meeting, Keynote 
2014-present, MIT Aging Brain Initiative, founding investigator 
2014-present, MIT Neurotech Symposium, co-chair 
2014, MIT Laureates and Leaders Program, lecturer 
2014, MIT Science and Engineering Program for Teachers, lecturer 
2014, MIT CEO Advisory Board, presenter 
2014-present, MIT Center for Environmental Health Sciences, faculty member 
2014, 2015, Center for Brains, Minds, and Machines Summer School, lecturer 
2014, MIT Cardinal and Gray Academy (50th reunion) Alumni Event Presentation, “Center for 

Neurobiological Engineering” 
2014, MIT Class of 1974 40th Reunion, dinner speaker  
2013, MIT Tech Day featured speaker, “Unraveling the Workings of the Brain” 
2013-present, Broad Institute, Associate Member 
2013, MIT Simons Center for the Social Brain, Workshop "The Social Brain — New 

Opportunities for Discovery and Technology Development" Panelist 
2012, MIT-MGH Initiative, member 
2008, ’11, MIT Knight Science Journalism Program lecturer 
2013-2014, AT&T Career Development Professor 
2012-2015, SkTech faculty search committee 
2012, SkTech curriculum committee 
2007-2013, Benesse Career Development Professor  
2009-present, MIT Interdepartmental Graduate Program in Biophysics, faculty member 
2009-present, MIT Molecular and Cellular Neuroscience Track, faculty member 
2009-present, MIT Microsystems Technology Laboratories, affiliate member 
2009-2010, Technology Review, invited columnist 
2008-2020, MIT Department of Brain and Cognitive Sciences, joint professor 
2007-2009, Technology Review, official blogger/writer 
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2007-2010, MIT McGovern Institute for Brain Research, Associate Faculty 
2007-present, MIT Picower Institute for Learning and Memory, Affiliate Faculty 
2007, MIT Department of Biological Engineering, Affiliate Faculty 
2007-2015, MIT Neurotechnology Seminar Series (informal), host 
2006-present, MIT Computational and Systems Biology Initiative, Faculty Member 
 
Departmental, MIT McGovern Institute/Picower/BCS 
2018-2019, MIT Picower Institute Faculty Search Committee 
2018-2019, MIT McGovern Institute Faculty Search Committee 
2013, MIT Brains on Brains Event, Neurotechnology Panel and Panel Chair 
2013-present, MIT Brain and Cognitive Sciences Undergraduate Advising 
2011, MIT BCS Multiphoton Microscope Core Committee 
2010, MIT McGovern Institute Symposium: Cells, Circuits, and Behavior, co-organizer 
 
Departmental, MIT Media Lab/Media Arts and Sciences  
2017-2018, MIT Media Lab Media Arts and Sciences Faculty Search Committee 
2013-2014, MIT Media Lab Media Arts and Sciences Faculty Search Committee 
2012, MIT Media Lab Inside/Out Symposium, co-organizer  
2009-2020, MIT Media Lab Media Arts and Sciences, Environmental Health and Safety 

Officer 
2008-2009, MIT Media Lab Media Arts and Sciences Faculty Search Committee 
2007-2008, MIT Media Lab Media Arts and Sciences Steering Committee (aka MASCOM; 

academic committee) 
2007, MIT Media Lab DCGS (Department Committee on Graduate Studies) 
2006-2020, MIT Media Lab IPCOM (Intellectual Property Committee) 

 
Departmental, MIT Biological Engineering 
2007-present, MIT Biological Engineering Undergraduate Advising 
2007-2009, MIT Biological Engineering Undergraduate Programs Committee 
 
 

Major 
Publications 

Papers (peer-reviewed and preprints) 
1. Maguire, Y., Boyden, E. S., Gershenfeld, N. (2000) Toward a table-top quantum computer, 
IBM Systems Journal 39:3&4, p.823. 
 
2. Boyden, E. S., Raymond, J. L. (2003) Active reversal of motor memories reveals rules 
governing memory encoding, Neuron 39(6):1031-42. 
 
3. Boyden, E. S.*, Katoh, A.*, Raymond, J. L. (2004) Cerebellum-dependent learning: The 
role of multiple plasticity mechanisms, Annual Review of Neuroscience 27:581-609. (* co-first 
authors) 
 
4. Kimpo, R. R.*, Boyden, E. S.*, Katoh, A., Ke, M. C., Raymond, J. L. (2005) Distinct 
patterns of stimulus generalization of increases and decreases in VOR gain, Journal of 
Neurophysiology 94(5):3092-3100. (* equal contribution) 
 
5. Boyden, E. S., Zhang, F., Bamberg, E., Nagel, G., Deisseroth, K. (2005) Millisecond-
timescale, genetically-targeted optical control of neural activity, Nature Neuroscience 
8(9):1263-1268. 
 
6. Boyden, E. S., Katoh, A., Pyle, J. L., Chatila, T. A., Tsien, R. W., Raymond, J. L. (2006) 
Selective engagement of plasticity mechanisms for motor memory storage, Neuron 
51(6):823-834. 
 
7. Zhang, F., Wang, L.-P., Boyden, E. S., Deisseroth, K. (2006) Channelrhodopsin-2 and 
optical control of excitable cells, Nature Methods 3(10):785-92. 
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8. Han, X. and Boyden, E. S. (2007) Multiple-color optical activation, silencing, and 
desynchronization of neural activity, with single-spike temporal resolution, PLoS ONE 2(3): p. 
e299.  
 
9. Wang, H., Peca, J., Matsusaki, M., Matsusaki, K., Noguchi, J., Qiu, L., Wang, D., Zhang, 
F., Boyden, E. S., Deisseroth, K., Kasai, H., Hall, W. C., Feng, G., Augustine, G. J. (2007) 
High-speed mapping of synaptic connectivity using photostimulation in channelrhodopsin-2 
transgenic mice, Proceedings of the National Academy of Sciences 104(19):8143-848. 
 
10. Liao, Y. J., Safa, P., Chen, Y.-R., Sobel, R. A., Boyden, E. S., Tsien, R. W. (2008) Anti-
Ca2+ channel antibody attenuates Ca2+

 currents and mimics cerebellar ataxia in vivo, 
Proceedings of the National Academy of Sciences 105(7):2705-2710. 
 
11. Han, X.*, Qian, X., Bernstein, J.G., Zhou, H.-H., Talei Franzesi, G., Stern, P., Bronson, 
R.T., Graybiel, A.M., Desimone, R., and Boyden, E.S.* (2009) Millisecond-Timescale Optical 
Control of Neural Dynamics in the Nonhuman Primate Brain, Neuron 62(2):191-198. (* co-
corresponding authors) 
 
12. Han X., Qian X., Stern P., Chuong A. and Boyden E.S. (2009) Informational Lesions: 
Optical Perturbation of Spike Timing and Neural Synchrony Via Microbial Opsin Gene 
Fusions, Frontiers in Molecular Neuroscience 2:12.  
 
13. Chow, B. Y.*, Han, X.*, Dobry, A. S., Qian, X., Chuong, A. S., Li, M., Henninger, M. A., 
Belfort, G. M., Lin, Y., Monahan, P. E., Boyden, E. S. (2010) High-performance genetically 
targetable optical neural silencing by light-driven proton pumps, Nature 463:98-102. (* co-first 
authors) 

 
14. Chan, S. Y., Bernstein, J. G., Boyden, E. S. (2010) Scalable Fluidic Injector Arrays for 
Viral Targeting of Intact 3-D Brain Circuits, Journal of Visualized Experiments 35:1489. 
 
15. Knopfel, T., Lin, M. Z., Levskaya, A., Tian, L., Lin, J. Y., Boyden, E. S. (2010) Toward the 
Second Generation of Optogenetic Tools, Journal of Neuroscience 30(45):14998-15004. 
 
16. Zorzos, A. N., Boyden, E. S.*, and Fonstad, C. G. (2010) Multiwaveguide implantable 
probe for light delivery to sets of distributed brain targets, Optics Letters 35(24):4133-5. (* 
corresponding author) 
 
17. Desai M., Kahn I., Knoblich U., Bernstein J., Atallah H., Yang A., Kopell, N., Buckner 
R.L., Graybiel A. M., Moore C. I.*, and Boyden E. S.* (2011) Mapping Brain Networks in 
Awake Mice Using Combined Optical Neural Control and fMRI, Journal of Neurophysiology 
105(3):1393-405. (* co-corresponding authors) 
 
18. Han, X.*, Chow, B. Y.*, Zhou, H., Klapoetke, N. C., Chuong, A., Rajimehr, R., Yang, A., 
Baratta, M. V., Winkle, J., Desimone, R., Boyden, E. S. (2011) A high-light sensitivity optical 
neural silencer: development and application to optogenetic control of non-human primate 
cortex, Frontiers in Systems Neuroscience 5:18. (* co-first authors) 
 
19. Doroudchi, M. M., Greenberg, K. P., Liu, J., Silka, K. A., Boyden, E. S., Lockridge, J. A., 
Arman, A. C., Janani, R., Boye, S. E., Boye, S. L., Gordon, G. M., Matteo, B. C., Sampath, A. 
P., Hauswirth, W. W., Horsager, A. (2011) Virally delivered Channelrhodopsin-2 Safely and 
Effectively Restores Visual Function in Multiple Mouse Models of Blindness, Molecular 
Therapy 19(7):1220-9. 
 
20. Boyden, E.S. (2011) A history of optogenetics: the development of tools for controlling 
brain circuits with light, F1000 Biology Reports 3:11.  
 
21. Chow, B. Y.*, Chuong, A. S. *, Klapoetke, N. C. *, Boyden, E. S. (2011) Synthetic 
Physiology: Strategies for Adapting Tools from Nature for Genetically-Targeted Control of 
Fast Biological Processes, Methods in Enzymology 497:425-43. (* co-first authors) 
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22. Wentz, C. T., Bernstein, J. G., Monahan, P., Guerra, A., Rodriguez, A., Boyden, E. S. 
(2011) A Wirelessly Powered and Controlled Device for Optical Neural Control of Freely-
Behaving Animals, Journal of Neural Engineering 8(4):046021.  
 
23. Chow, B. Y. and Boyden, E. S. (2011) Synthetic Physiology, Science 332(6037):1508-
1509. 
 
24. Tsunematsu, T., Kilduff, T., Boyden, E. S., Takahashi, S., Tominaga, M., Yamanaka, A. 
(2011) Acute optogenetic silencing of orexin/hypocretin neurons induces slow wave sleep in 
mice, Journal of Neuroscience 31(29): 10529-10539. 
 
25. Joo, J., Chow, B. Y., Prakash, M., Boyden, E. S., Jacobson, J. M. (2011) Face-selective 
electrostatic control of hydrothermal zinc oxide nanowire synthesis, Nature Materials 
10(8):596-601. 
 
26. McCarthy, M. M., Moore-Kochlacs, C., Xuan Gu, T., Boyden, E. S., Han, X., Kopell, N. J. 
(2011) Striatal origin of the pathologic beta oscillations in Parkinson’s disease, Proceedings 
of the National Academy of Sciences 108(28):11620-5. 
 
27. Bernstein, J. G., Garrity, P. A.*, Boyden, E. S.* (2012) Optogenetics and thermogenetics: 
technologies for controlling the activity of targeted cells within intact neural circuits, Current 
Opinion in Neurobiology 22(1):61-71. (* co-corresponding authors) 
 
28. Chow B.Y., Han, X., Boyden, E. S. (2012) Genetically encoded molecular tools for light-
driven silencing of targeted neurons, Progress in Brain Research 196:49-61. 
 
29. Bernstein, J. G., Boyden, E. S. (2011) Optogenetic tools for analyzing the neural circuits 
of behavior, Trends in Cognitive Sciences 15(12):592-600. 
 
30. Kahn, I.*, Desai, M., Knoblich, U., Bernstein, J., Henninger, M., Graybiel, A. M., Boyden, 
E. S.*, Buckner, R. L. *, Moore, C. I. * (2011) Characterization of the Functional MRI 
Response Temporal Linearity via Optical Control of Neocortical Pyramidal Neurons, Journal 
of Neuroscience 31(42):15086-15091. (* co-corresponding authors) 
 
31. Kleinlogel, S., Terpitz, U., Legrum, B., Gokbuget, D., Boyden, E. S., Bamann, C., Wood, 
P. G., Bamberg, E. (2011) A gene-fusion strategy for stoichiometric and co-localized 
expression of light-gated membrane proteins, Nature Methods 8(12):1083-1088. 
 
32. Börgers C., Talei Franzesi G., LeBeau F. E., Boyden E. S., Kopell N.J. (2012) Minimal 
Size of Cell Assemblies Coordinated by Gamma Oscillations, PLoS Computational Biology 
8(2):e1002362. 
 
33. Knopfel, T., Boyden, E. S. (2012) Tools for observing and controlling specific molecular or 
physiological pathways in intact cells and tissues. Preface, Progress in Brain Research 
196:vii–viii. 
 
34. Madisen, L., Mao, T., Koch, H., Zhuo, J.-m., Berenyi, A., Fujisawa, S., Hsu, Y.-W., 
Garcia, A. J., Gu, X., Zanella, S., Kidney, J., Gu, H., Mao, Y., Hooks, B. M., Boyden, E. S., 
Buzsáki, G., Ramirez, J. M., Jones, A. R., Svoboda, K., Han, X., Turner, E. E., Zeng, H. 
(2012) A toolbox of Cre-dependent optogenetic transgenic mice for light-induced activation 
and silencing, Nature Neuroscience 15(5):793-802. 
 
35. Kodandaramaiah, S., Talei Franzesi, G., Chow, B., Boyden, E. S.*, Forest, C.* (2012) 
Automated whole-cell patch clamp electrophysiology of neurons in vivo, Nature Methods 
9:585–587. (* co-corresponding authors) 
 
36. Kim K.M., Baratta M.V., Yang A., Lee D., Boyden E.S.*, Fiorillo C.D.* (2012) Optogenetic 
mimicry of the transient activation of dopamine neurons by natural reward is sufficient for 
operant reinforcement, PLoS One 7(4):e33612. (* co-corresponding authors) 
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37. Karayiorgou M., Flint J., Gogos J.A., Malenka R.C.; the Genetic and Neural Complexity in 
Psychiatry 2011 Working Group (Bargmann C.I., Boyden E.S., Bullmore E.T., Chan A.W., 
Davis M., Deisseroth K., Dolmetch R.E., Eggan K., Fears S.C., Freimer N.B., Geschwind 
D.H., Gordon J., Nickerson D.A., Vanderhaeghen P., Axel R., Zuker C.S., Fischbach G.) 
(2012) The best of times, the worst of times for psychiatric disease, Nature Neuroscience 
15(6):811-812. 
 
38. Lee, S.-H., Kwan, A. C., Zhang, S., Phoumthipphavong, V., Flannery, J. G., Masmanidis, 
S. C., Taniguchi, H., Huang, Z. J., Zhang, F., Boyden, E. S., Deisseroth, K., Dan, Y. (2012) 
Activation of specific interneurons improves V1 feature selectivity and visual perception, 
Nature 488(7411):379-8. 
 
39. Gerits, A., Farivar, R., Rosen, B. R., Wald, L. L., Boyden, E. S., Vanduffel, W. (2012) 
Optogenetically Induced Behavioral and Functional Network Changes in Primates, Current 
Biology, 22(18):1722-1726.  
 
40. Zamft, B. M.*, Marblestone, A. H.*, Kording, K., Schmidt, D., Martin-Alarcon, D., Tyo, K., 
Boyden, E. S., Church, G. (2012) Measuring Cation Dependent DNA Polymerase Fidelity 
Landscapes by Deep Sequencing, PLoS ONE 7(8): e43876. (* co-first authors) 
 
41. Zorzos, A. N., Scholvin, J., Boyden, E. S.*, Fonstad, C. G. (2012) Three-dimensional 
multiwaveguide probe array for light delivery to distributed brain circuits, Optics Letters 
37(23):4841-4843. (* corresponding author) 
 
42. Boyden, E. S. (2013) Interview with Edward S. Boyden, Trends in Neurosciences 36(1):1-
2. 

 
43. Gurkan, U. A., Fan, Y., Xu, F., Erkmen, B., Urkac, E. S., Parlakgul, G., Bernstein, J., 
Xing, W.*, Boyden, E. S.*, Demirci, U.* (2013) Simple precision creation of digitally specified, 
spatially heterogeneous, engineered tissue architectures, Advanced Materials 25(8):1192-
1198. (* co-corresponding authors)  
 
44. Cavanaugh, J., Monosov, I. E., McAlonan, K., Berman, R. A., Smith, M. K., Cao, V., 
Wang, K. H., Boyden, E. S., Wurtz, R. H. (2012) Optogenetic Inactivation Modifies Monkey 
Visuomotor Behavior, Neuron 76:901–907. 
 
45. Chow, B. Y.* and Boyden, E. S.* (2013) Optogenetics and Translational Medicine, 
Science Translational Medicine 5(177):177ps5. (* co-corresponding authors) 
 
46. Alivisatos, A., Andrews, A., Boyden, E. S., Chun, M., Church, G., Deisseroth, K., 
Donoghue, J., Fraser, S., Lippincott-Schwartz, J., Looger, L., Masmanidis, S., McEuen, P., 
Nurmikko, A., Park, H., Peterka, D., Reid, C., Roukes, M., Scherer, A., Schnitzer, M., 
Sejnowski, T., Shepard, K., Tsao, D., Turrigiano, G., Weiss, P., Xu, C., Yuste, R., Zhuang, X. 
(2013) Nanotools for Neuroscience and Brain Activity Mapping, ACS Nano 7(3):1850-66. 
 
47. Kahn, I., Knoblich, U., Desai, M., Bernstein, J., Graybiel, A.M., Boyden, E.S., Buckner, 
R.L., Moore C.I. (2013) Optogenetic drive of neocortical pyramidal neurons generates fMRI 
signals that are correlated with spiking activity, Brain Research 1511:33-45. 
 
48. Famm, K., Litt, B., Tracey, K.J., Boyden, E.S., Slaoui, M. (2013) Drug discovery: a jump-
start for electroceuticals, Nature 496(7444):159-61. 
 
49. Tsunematsu T., Tabuchi S., Tanaka K.F., Boyden E.S., Tominaga M., Yamanaka A. 
(2013) Long-lasting silencing of orexin/hypocretin neurons using archaerhodopsin induces 
slow-wave sleep in mice, Behavioural Brain Research, 255:64-74. 
 
50. Kodandaramaiah, S. B., Boyden, E. S.*, Forest, C. F.* (2013) In vivo robotics: the 
automation of neuroscience and other intact-system biological fields, Annals of the New York 
Academy of Sciences, 1305(1):63-71. (* co-corresponding authors) 
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51. Glaser J.I.**, Zamft B.M.*, Marblestone A.H.*, Moffitt J.R., Tyo K., Boyden E.S., Church 
G., Kording K.P. (2013) Statistical analysis of molecular signal recording, PLoS 
Computational Biology 9(7):e1003145. (** corresponding author, * equal contribution) 
 
52. Marblestone, A. H.**+, Zamft, B. M.+, Maguire, Y. G., Shapiro, M. G., Cybulski, T. R., 
Glaser, J. I., Amodei, D., Stranges, P. B., Kalhor, R., Dalrymple, D. A., Seo, D., Alon, E., 
Maharbiz, M. M., Carmena, J. M., Rabaey, J. M., Boyden, E. S.*, Church, G. M. *, Kording, K. 
P. * (2013) Physical Principles for Scalable Neural Recording, Frontiers in Computational 
Neuroscience, 7:137. (** corresponding author, + equal contribution, * equal contribution) 
 
53. Schmidt, D., Tillberg, P. W.*, Chen, F.*, Boyden, E. S. (2014) A fully genetically-encoded 
protein architecture for optical control of peptide ligand concentration, Nature 
Communications, 5:3019. (* equal contribution) 
 
54. Klapoetke, N. C., Murata, Y., Kim S. S., Pulver, S. R., Birdsey-Benson, A., Cho, Y. K., 
Morimoto, T. K., Chuong, A. S., Carpenter, E. J., Tian, Z., Wang, J., Xie, Y., Yan, Z., Zhang, 
Y., Chow, B.Y., Surek, B., Melkonian, M., Jayaraman, V., Constantine-Paton, M., Wong, G. 
K.*, Boyden, E. S.* (2014) Independent Optical Excitation of Distinct Neural Populations, 
Nature Methods 11:338–346. (* co-corresponding authors) 
 
55. Perea, G., Yang, A., Boyden, E. S., Sur, M. (2014) Optogenetic astrocyte activation 
modulates response selectivity of visual cortex neurons in vivo, Nature Communications 
5:3262. 
 
56. Prevedel, R.**, Yoon, Y.-G.**, Hoffman, M., Pak, N., Wetzstein, G., Kato, S., Schrodel, T., 
Raskar, R., Zimmer, M., Boyden, E. S.*, Vaziri, A. * (2014) Simultaneous whole-animal 3D 
imaging of neuronal activity using light-field microscopy, Nature Methods 11:727-730. (** 
equal contribution, * co-corresponding authors) 
 
57. Hochbaum, D.R.*, Zhao, Y.*, Farhi, S.L., Klapoetke, N.C., Werley, C.A., Kapoor, V., Zou, 
P., Kralj, J.M., Maclaurin, D., Smedemark-Margulies, N., Saulnier, J., Boulting, G.L., Straub, 
C., Cho, Y., Melkonian, M., Wong, G.K.-S., Harrison, D. J., Murthy, V.N., Sabatini, B., 
Boyden, E.S.**, Campbell, R.E.**, Cohen, A.E. (2014) All-optical electrophysiology in 
mammalian neurons using engineered microbial rhodopsins, Nature Methods, 11(8):825-33. 
(* equal contribution, ** jointly directed work) 
 
58. Chuong, A. S., Miri, M. L.*, Busskamp, V.*, Matthews, G.A.C.*, Acker, L.C.*, Soresnsen, 
A.T., Young, A., Klapoetke, N. C., Henninger, M.A., Kodandaramaiah, S.B., Ogawa, M., 
Ramanlal, S. B., Bandler, R. C., Allen, B. D., Forest, C.R., Chow, B.Y., Han, X., Lin, Y., Tye, 
K.M., Roska, B., Cardin, J.A., Boyden, E. S. (2014) Noninvasive optical inhibition with a red-
shifted microbial rhodopsin, Nature Neuroscience 17:1123-1129. (* equal contribution) 
 
59. Fukunaga I., Herb J.T., Kollo M., Boyden E.S., Schaefer A.T. (2014) Independent control 
of gamma and theta activity by distinct interneuron networks in the olfactory bulb, Nature 
Neuroscience 17(9):1208-16. 
 
60. Marblestone, A.H., Boyden, E.S. (2014) Designing Tools for Assumption-Proof Brain 
Mapping, Neuron 83(6):1239-1241. 
 
61. Boyden ES. (2011) Optogenetics: using light to control the brain, Cerebrum 2011:16. 
 
62. Danilo Boada M., Martin T.J., Peters C.M., Hayashida K., Harris M.H., Houle T.T., 
Boyden E.S., Eisenach J.C., Ririe D.G. (2014) Fast Conducting Mechanoreceptors 
Contribute to Withdrawal Behavior in Normal and Nerve Injured Rats, Pain 155(12):2646-
2655. 
 
63. Johansen J.P., Diaz-Mataix L., Hamanaka H., Ozawa T., Ycu E., Koivumaa J., Kumar A., 
Hou M., Deisseroth K., Boyden E.S., LeDoux J.E. (2014) Hebbian and neuromodulatory 
mechanisms interact to trigger associative memory formation, Proceedings of the National 
Academy of Sciences 111(51):E5584–E5592. 
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64. Harrison R.R., Kolb I., Kodandaramaiah S.B., Chubykin A.A., Yang A., Bear M.F., 
Boyden E.S.*, Forest C.* (2014) Microchip amplifier for in vitro, in vivo, and automated whole-
cell patch-clamp recording, Journal of Neurophysiology 113(4):1275-82. (* equal contribution) 
 
65. Darrow KN, Slama MC, Kozin E, Owoc M, Hancock K, Kempfle J, Edge A, Lacour 
S, Boyden E, Polley D, Brown MC, Lee DJ (2014) Optogenetic stimulation of the cochlear 
nucleus using channelrhodopsin-2 evokes activity in the central auditory pathway, Brain 
Research 1599:44-56. 
 
66. Chen, F.*, Tillberg, P.W.*, Boyden, E.S. (2015) Expansion Microscopy, Science 
347(6221):543-548. (* equal contribution) 
 
67. Cybulski TR, Glaser JI, Marblestone AH, Zamft BM, Boyden ES, Church GM, Kording KP 
(2015) Spatial information in large-scale neural recordings, Frontiers in Computational 
Neuroscience 8:172. 
 
68. Madisen, L., Garner, A.R., Shimaoka, D., Chuong, A.S., Klapoetke, N.C., Li, L., van der 
Bourg, A., Niino, Y., Egolf, L., Monetti, C., Gu, H., Mills, M., Cheng, A., Tasic, B., Nguyen, 
T.N., Sunkin, S.M., Benucci, A., Nagy, A., Miyawaki, A., Helmchen, F., Empson, R.M., 
Knöpfel, T., Boyden, E.S., Reid, R.C., Carandini, M., Zeng, H. (2015) Transgenic Mice for 
Intersectional Targeting of Neural Sensors and Effectors with High Specificity and 
Performance, Neuron 85(5):889-892. 
 
69. Edward Hight A, Kozin ED, Darrow K, Lehmann A, Boyden E, Brown MC, Lee DJ (2015) 
Superior Temporal Resolution of Chronos versus Channelrhodopsin-2 in an Optogenetic 
Model of the Auditory Brainstem Implant, Hearing Research 322:235-241. 
 
70. Allen, B.D.*, Singer, A.C.*, Boyden, E.S. (2015) Principles of designing interpretable 
optogenetic behavior experiments, Learning and Memory 22:232-238. (* equal contribution) 
 
71. Scholvin, J., Kinney, J. P., Bernstein, J. G., Moore-Kochlacs, C., Kopell, N., Fonstad, 
C.G., Boyden, E. S. (2016) Close-Packed Silicon Microelectrodes for Scalable Spatially 
Oversampled Neural Recording, IEEE Transactions on Biomedical Engineering 63(1):120-30. 
 
72. Li P, Rial D, Canas PM, Yoo JH, Li W, Zhou X, Wang Y, van Westen GJ, Payen MP, 
Augusto E, Gonçalves N, Tomé AR, Li Z, Wu Z, Hou X, Zhou Y, PIJzerman A, Boyden ES, 
Cunha RA, Qu J, Chen JF (2015) Optogenetic activation of intracellular adenosine A2A 
receptor signaling in the hippocampus is sufficient to trigger CREB phosphorylation and 
impair memory, Molecular Psychiatry 20:1339–1349.  
 
73. Pak N, Siegle JH*, Kinney JP*, Denman DJ, Blanche TJ, Boyden ES (2015) Closed-loop, 
ultraprecise, automated craniotomies, Journal of Neurophysiology 113(10):3943-53. (* equal 
contribution) 
 
74. Afraz, A., Boyden, E. S., DiCarlo, J. J. (2015) Optogenetic and pharmacological 
suppression of spatial clusters of face neurons reveal their causal role in face gender 
discrimination, Proceedings of the National Academy of Sciences 112(21):6730-5. 
 
75. Bernstein, J.G., Allen, B. D., Guerra, A.A., Boyden, E.S. (2015) Processes for design, 
construction and utilisation of arrays of light-emitting diodes and light-emitting diode-coupled 
optical fibres for multi-site brain light delivery, The Journal of Engineering 5:177-184. 
 
76. Sakaguchi M, Kim K, Yu LM, Hashikawa Y, Sekine Y, Okumura Y, Kawano M, Hayashi 
M, Kumar D, Boyden ES, McHugh TJ, Hayashi Y (2015) Inhibiting the Activity of CA1 
Hippocampal Neurons Prevents the Recall of Contextual Fear Memory in Inducible ArchT 
Transgenic Mice, PLoS One 10(6):e0130163.  
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77. Guo W, Hight AE, Chen JX, Klapoetke NC, Hancock KE, Shinn-Cunningham BG, Boyden 
ES, Lee DJ, Polley DB (2015) Hearing the light: neural and perceptual encoding of 
optogenetic stimulation in the central auditory pathway, Scientific Reports 5:10319.  
 
78. Kinney, J.P., Bernstein, J.G., Meyer, A.J., Barber, J.B., Bolivar, M., Newbold, B., 
Scholvin, J., Moore-Kochlacs, C., Wentz, C.T., Kopell, N.J., Boyden, E.S. (2015) A direct-to-
drive neural data acquisition system, Frontiers in Neural Circuits 9:46. 
 
79. Baratta MV, Kodandaramaiah SB, Monahan PE, Yao J, Weber MD, Lin PA, Gisabella B, 
Petrossian N, Amat J, Kim K, Yang A, Forest CR, Boyden ES, Goosens KA (2015) Stress 
Enables Reinforcement-Elicited Serotonergic Consolidation of Fear Memory, Biological 
Psychiatry 79(10):814-22. 
 
80. Rueckemann JW, DiMauro AJ, Rangel LM, Han X, Boyden ES, Eichenbaum H (2015) 
Transient optogenetic inactivation of the medial entorhinal cortex biases the active population 
of hippocampal neurons, Hippocampus 26(2):246–260. 
 
81. Boyden, E. S. (2015) Optogenetics and the future of neuroscience (Overview, 
Optogenetics 10th Anniversary Issue), Nature Neuroscience 18:1200–1201. 
 
82. Glantz, S.T., Carpenter, E.J., Melkonian, M., Gardner, K.H., Boyden, E.S., Wong, G. K.-
S., Chow, B.Y. (2016) Functional and topological diversity of LOV domain photoreceptors, 
Proceedings of the National Academy of Sciences, 113(11):E1442–E1451. 
 
83. Kodandaramaiah, S.B., Holst, G.L., Wickersham, I.R., Singer, A.C., Talei Franzesi, G., 
McKinnon, M.L., Forest, C.R., Boyden, E.S. (2016) Assembly and operation of the 
autopatcher for automated intracellular neural recording in vivo, Nature Protocols 11:634–
654. 
 
84. Zhang YS*, Chang JB*, Alvarez MM, Trujillo-de Santiago G, Aleman J, Batzaya B, 
Krishnadoss V, Ramanujam AA, Kazemzadeh-Narbat M, Chen F, Tillberg PW, Dokmeci MR, 
Boyden ES**, Khademhosseini A.** (2016) Hybrid Microscopy: Enabling Inexpensive High-
Performance Imaging through Combined Physical and Optical Magnifications, Scientific 
Reports 6:22691. (* co-first authors, ** co-corresponding authors) 
 
85. Karaveli S, Gaathon O, Wolcott A, Sakakibara R, Shemesh OA, Peterka DS, Boyden ES, 
Owen JS, Yuste R, Englund D (2016) Modulation of nitrogen vacancy charge state and 
fluorescence in nanodiamonds using electrochemical potential, Proceedings of the National 
Academy of Sciences 113(15):3938–3943. 
 
86. Adamala, K.P.*, Martin-Alarcon, D. A.*, Boyden E. S. (2016) Programmable RNA-binding 
protein composed of repeats of a single modular unit, Proceedings of the National Academy 
of Sciences 113(19): E2579–E2588. (*, co-first authors) 
 
87. Rodriques, S.G.*, Marblestone, A.H*, Scholvin, J., Dapello, J., Sarkar, D., Mankin, M., 
Gao, R., Wood, L., and Boyden, E.S. (2016) Multiplexed neural recording along a single 
optical fiber via optical reflectometry, Journal of Biomedical Optics 21(5):057003. (*, co-first 
authors) 
 
88. Tillberg, P.W.*, Chen, F.*, Piatkevich, K.D., Zhao, Y., Yu, C.-C., English, B.P., Gao, L., 
Martorell, A., Suk, H.-J., Yoshida, F., DeGennaro, E.M., Roossien, D.H., Gong, G., 
Seneviratne, U., Tannenbaum, S.R., Desimone, R., Cai, D., Boyden, E.S. (2016) Protein-
retention expansion microscopy of cells and tissues labeled using standard fluorescent 
proteins and antibodies, Nature Biotechnology 34:987–992. (*, co-first authors) 
 
89. Chen, F.*, Wassie, A.T.*, Cote, A.J., Sinha, A., Alon, S., Asano, S., Daugharthy, E.R., 
Chang, J.-B., Marblestone, A., Church, G.M., Raj, A., Boyden, E.S. (2016) Nanoscale 
Imaging of RNA with Expansion Microscopy, Nature Methods 13(8):679-84. (*, co-first 
authors) 
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90. Wu Q, Kolb I, Callahan BM, Su Z, Stoy W, Kodandaramaiah SB, Neve RL, Zeng H, 
Boyden ES, Forest CR, Chubykin AA (2016) Integration of autopatching with automated 
pipette and cell detection in vitro, Journal of Neurophysiology 116(4):1564-1578. 
 
91. Stauffer WR, Lak A, Yang A, Borel M, Paulsen O, Boyden ES, Schultz W (2016) 
Dopamine Neuron-Specific Optogenetic Stimulation in Rhesus Macaques, Cell 166(6):1564-
1571. 
 
92. Crittenden JR, Tillberg PW, Riad MH, Shima Y, Gerfen CR, Curry J, Housman DE, 
Nelson SB, Boyden ES, Graybiel AM (2016) Striosome-dendron bouquets highlight a unique 
striatonigral circuit targeting dopamine-containing neurons, Proceedings of the National 
Academy of Sciences 113(40):11318-11323. 
 
93. Taylor NE, Van Dort CJ, Kenny JD, Pei J, Guidera JA, Vlasov KY, Lee JT, Boyden ES, 
Brown EN, Solt K (2016) Optogenetic activation of dopamine neurons in the ventral 
tegmental area induces reanimation from general anesthesia, Proceedings of the National 
Academy of Sciences 113(45):12826-12831. 
 
94. Acker L, Pino EN, Boyden ES, Desimone R (2016) FEF inactivation with improved 
optogenetic methods, Proceedings of the National Academy of Sciences 113(46):E7297-
E7306. 
 
95. Adamala KP*, Martin-Alarcon DA*, Guthrie-Honea KR, Boyden ES (2016) Engineering 
genetic circuit interactions within and between synthetic minimal cells, Nature Chemistry 
9(5):431-439. (*, co-first authors) 
 
96. Zhuo JM, Tseng HA, Desai M, Bucklin ME, Mohammed AI, Robinson NT, Boyden ES, 
Rangel LM, Jasanoff AP, Gritton HJ, Han X (2016) Young adult born neurons enhance 
hippocampal dependent performance via influences on bilateral networks, eLIFE 5:e22429. 
 
97. Iaccarino HF*, Singer AC*, Martorell AJ, Rudenko A, Gao F, Gillingham TZ, Mathys H, 
Seo J, Kritskiy O, Abdurrob F, Adaikkan C, Canter RG, Rueda R, Brown EN, Boyden ES, 
Tsai LH (2016) Gamma frequency entrainment attenuates amyloid load and modifies 
microglia, Nature 540(7632):230-235. (*, co-first authors) 
 
98. Gao, R.*, Gupta, I.*, Boyden, E. S. (2017) Sonofragmentation of ultra-thin 1D 
nanomaterials, Particle and Particle Systems Characterization 34.1. (*, co-first authors) 
 
99. Kumar A, Kim JH, Ranjan P, Metcalfe MG, Cao W, Mishina M, Gangappa S, Guo Z, 
Boyden ES, Zaki S, York I, García-Sastre A, Shaw M, Sambhara S (2017) Influenza virus 
exploits tunneling nanotubes for cell-to-cell spread, Scientific Reports 7:40360. 
 
100.  Zhao Y*, Bucur O*, Irshad H, Chen F, Weins A, Stancu AL, Oh EY, DiStasio M, Torous 
V, Glass B, Stillman IE, Schnitt SJ, Beck AH**, Boyden ES** (2017) Nanoscale imaging of 
clinical specimens using pathology-optimized expansion microscopy, Nature Biotechnology 
35(8):757-764. (*, co-first authors; **, co-corresponding authors) 
 
101.  Kruss S, Salem DP, Vukovic L, Lima B, Vander Ende E, Boyden ES, Strano MS (2017) 
High-resolution imaging of cellular dopamine efflux using a fluorescent nanosensor array, 
Proceedings of the National Academy of Sciences 114(8):1789–1794. 
 
102.  Chang, J.-B., Chen, F., Yoon, Y.-G., Jung, E. E., Babcock H., Kang J.-S., Asano S., 
Suk H.-J., Pak N., Tillberg P.W., Wassie A., Cai D., Boyden E.S. (2017) Iterative expansion 
microscopy, Nature Methods 14:593-599. 
 
103.  Grossman N, Bono D, Dedic N*, Kodandaramaiah SB*, Rudenko A, Suk HJ, Cassara 
AM, Neufeld E, Kuster N, Tsai LH, Pascual-Leone A, Boyden ES (2017) Noninvasive Deep 
Brain Stimulation via Temporally Interfering Electric Fields, Cell 169(6):1029-1041. (* equal 
contribution) 
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104. Quadrato G, Nguyen T, Macosko EZ, Sherwood JL, Min Yang S, Berger DR, Maria N, 
Scholvin J, Goldman M, Kinney JP, Boyden ES, Lichtman JW, Williams ZM, McCarroll SA, 
Arlotta P (2017) Cell diversity and network dynamics in photosensitive human brain 
organoids, Nature 545(7652):48-53. 
 
105. Cybulski TR, Boyden ES, Church GM, Tyo KEJ, Kording KP (2017) Nucleotide-time 
alignment for molecular recorders, PLoS Computational Biology 13(5):e1005483. 
 
106. Alvarez MM, Aizenberg J, Analoui M, Andrews AM, Bisker G, Boyden ES, Kamm RD, 
Karp JM, Mooney DJ, Oklu R, Peer D, Stolzoff M, Strano MS, Trujillo-de Santiago G, 
Webster TJ, Weiss PS, Khademhosseini A (2017) Emerging Trends in Micro- and Nanoscale 
Technologies in Medicine: From Basic Discoveries to Translation, ACS Nano 11(6):5195–
5214. 
 
107. Rowlands, C.J., Park, D., Bruns, O.T., Piatkevich, K.D., Fukumura, D., Jain, R.K., 
Bawendi, M.G., Boyden, E.S. and So, P.T. (2017) Wide-field three-photon excitation in 
biological samples, Light: Science & Applications 6(5):e16255. 
 
108. Annabelle C. Singer*, Giovanni Talei Franzesi*, Suhasa B. Kodandaramaiah, Francisco 
J. Flores, Jeremy D. Cohen, Albert K. Lee, Christoph Borgers, Craig R. Forest, Nancy J. 
Kopell, Edward S. Boyden (2017) Mesoscale-duration activated states gate spiking in 
response to fast rises in membrane voltage in the awake brain, Journal of Neurophysiology 
118(2):1270-1291. 
 
109. Yu Shrike Zhang, Grissel Trujillo-de Santiago, Mario Moisés Alvarez, Steven J. Schiff, 
Edward S. Boyden*, Ali Khademhosseini* (2017) Expansion Mini-Microscopy: An Enabling 
Alternative in Point-of-Care Diagnostics, Current Opinion in Biomedical Engineering 1:45-53. 
(*, co-corresponding authors)  
 
110. Stoy WA, Kolb I, Holst G, Liew YJ, Pala A, Yang B, Boyden ES, Stanley GB, Forest CR 
(2017) Robotic navigation to sub-cortical neural tissue for intracellular electrophysiology in 
vivo, Journal of Neurophysiology 118(2):1141-1150. 
 
111.  Giwa S, Lewis JK, Alvarez L, Langer R, Roth AE, Church GM, Markmann JF, Sachs 
DH, Chandraker A, Wertheim JA, Rothblatt M, Boyden ES, Eidbo E, Lee WPA, Pomahac B, 
Brandacher G, Weinstock DM, Elliott G, Nelson D, Acker JP, Uygun K, Schmalz B, 
Weegman BP, Tocchio A, Fahy GM, Storey KB, Rubinsky B, Bischof J, Elliott JAW, Woodruff 
TK, Morris GJ, Demirci U, Brockbank KGM, Woods EJ, Ben RN, Baust JG, Gao D, Fuller B, 
Rabin Y, Kravitz DC, Taylor MJ, Toner M (2017) The promise of organ and tissue 
preservation to transform medicine, Nature Biotechnology 35(6):530-542. 
 
112. Gao R.*, Asano S.M.*, Boyden E.S. (2017) Q&A: Expansion microscopy, BMC Biology 
15:50. (*, co-first authors) 
 
113. Caravaca AS*, Tsaava T*, Goldman L*, Silverman H, Riggott G, Chavan S, Bouton C, 
Tracey KJ, Desimone R**, Boyden E**, Sohal HS**, Olofsson PS** (2017) A novel flexible 
cuff-like microelectrode for dual purpose, acute and chronic electrical interfacing with the 
mouse cervical vagus nerve, Journal of Neural Engineering 14(6):066005. (*, co-first authors; 
**, co-last authors) 
 
114. Wu J, de Paz A, Zamft BM, Marblestone AH, Boyden ES, Kording KP, Tyo KEJ (2017) 
DNA binding strength increases the processivity and activity of a Y-Family DNA polymerase, 
Scientific Reports 7(1):4756. 
 
115. Shaun Berry, Shawn Redmond, Paul Robinson, Todd Thorsen, Mordechai Rothschild, 
and Edward S. Boyden (2017) Fluidic microoptics with adjustable focusing and beam 
steering for single cell optogenetics, Optics Express 25(14):16825-16839. 
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116. Ho-Jun Suk, Ingrid van Welie, Suhasa B. Kodandaramaiah, Brian Allen, Craig R. Forest, 
Edward S. Boyden (2017) Closed-Loop Real-Time Imaging Enables Fully Automated Cell-
Targeted Patch-Clamp Neural Recording In Vivo, Neuron 95(5):1037-1047. 
 
117.  Barykina NV, Subach OM, Piatkevich KD, Jung EE, Malyshev AY, Smirnov IV, 
Bogorodskiy AO, Borshchevskiy VI, Varizhuk AM, Pozmogova GE, Boyden ES, Anokhin KV, 
Enikolopov GN, Subach FV (2017) Green fluorescent genetically encoded calcium indicator 
based on calmodulin/M13-peptide from fungi, PLoS One 12(8):e0183757. 
 
118.  Or A. Shemesh*, Dimitrii Tanese*, Valeria Zampini*, Changyang Linghu, Kiryl 
Piatkevich, Emiliano Ronzitti, Eirini Papagiakoumou, Edward S. Boyden+ and Valentina 
Emiliani+ (2017) Temporally precise single-cell resolution optogenetics, Nature Neuroscience 
20:1796–1806. (*, co-first authors; +, co-corresponding authors) 
 
119.  Ronzitti E, Conti R, Zampini V, Tanese D, Foust AJ, Klapoetke N, Boyden ES, 
Papagiakoumou E, Emiliani V (2017) Sub-millisecond optogenetic control of neuronal firing 
with two-photon holographic photoactivation of Chronos, Journal of Neuroscience 
37(44):10679-10689. 
 
120. Piatkevich KD, Suk HJ, Kodandaramaiah SB, Yoshida F, DeGennaro EM, Drobizhev M, 
Hughes TE, Desimone R, Boyden ES*, Verkhusha VV* (2017) Near-Infrared Fluorescent 
Proteins Engineered from Bacterial Phytochromes in Neuroimaging, Biophysical Journal 
113(10):2299-2309. (*, co-corresponding authors) 
 
121.  Wang Y, Woehrstein JB, Donoghue N, Dai M, Avendaño MS, Schackmann RCJ, 
Zoeller JJ, Wang SSH, Tillberg PW, Park D, Lapan SW, Boyden ES, Brugge JS, Kaeser PS, 
Church GM, Agasti SS, Jungmann R, Yin P (2017) Rapid Sequential in Situ Multiplexing with 
DNA Exchange Imaging in Neuronal Cells and Tissues, Nano Letters 17(10):6131-6139. 
 
122. Acker LC, Pino EN, Boyden ES, Desimone R (2017) Large Volume, Behaviorally-
relevant Illumination for Optogenetics in Non-human Primates, Journal of Visualized 
Experiments 128:e56330. 
 
123.  Yoon YG, Dai P, Wohlwend J, Chang JB, Marblestone AH, Boyden ES (2017) 
Feasibility of 3D Reconstruction of Neural Morphology Using Expansion Microscopy and 
Barcode-Guided Agglomeration, Frontiers in Computational Neuroscience 11:97. 
 
124. Freifeld L, Odstrcil I, Förster D, Ramirez A, Gagnon JA, Randlett O, Costa EK, Asano S, 
Celiker OT, Gao R, Martin-Alarcon DA, Reginato P, Dick C, Chen L, Schoppik D, Engert F, 
Baier H, Boyden ES (2017) Expansion microscopy of zebrafish for neuroscience and 
developmental biology studies, Proceedings of the National Academy of Sciences 
114(50):E10799-E10808. 
 
125. Richter KN, Revelo NH, Seitz KJ, Helm MS, Sarkar D, Saleeb RS, D'Este E, Eberle J, 
Wagner E, Vogl C, Lazaro DF, Richter F, Coy-Vergara J, Coceano G, Boyden ES, Duncan 
RR, Hell SW, Lauterbach MA, Lehnart SE, Moser T, Outeiro T, Rehling P, Schwappach B, 
Testa I, Zapiec B, Rizzoli SO (2017) Glyoxal as an alternative fixative to formaldehyde in 
immunostaining and super-resolution microscopy, The EMBO Journal 37(1):139-159. 
 
126. Karagiannis ED, Boyden ES (2018) Expansion microscopy: development and 
neuroscience applications, Current Opinion in Neurobiology 50:56-63. 
 
127. Kodandaramaiah SB, Flores FJ, Holst GL, Singer AC, Han X, Brown EN, Boyden ES*, 
Forest CR* (2018) Multi-neuron intracellular recording in vivo via interacting autopatching 
robots, Elife 7:e24656. (*, co-corresponding authors) 
 
128. Kolb I*, Franzesi GT*, Wang M, Kodandaramaiah SB, Forest CR, Boyden ES+, Singer 
AC+ (2017) Evidence for long-timescale patterns of synaptic inputs in CA1 of awake 
behaving mice, Journal of Neuroscience 38(7):1821-1834. (*, co-first authors; +, co-
corresponding authors) 
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129. Piatkevich KD*, Jung EE*, Straub C, Linghu C, Park D, Suk HJ, Hochbaum DR, 
Goodwin D, Pnevmatikakis E, Pak N, Kawashima T, Yang CT, Rhoades JL, Shemesh O, 
Asano S, Yoon YG, Freifeld L, Saulnier JL, Riegler C, Engert F, Hughes T, Drobizhev M, 
Szabo B, Ahrens MB, Flavell SW, Sabatini BL, Boyden ES (2018) A robotic multidimensional 
directed evolution approach applied to fluorescent voltage reporters, Nature Chemical 
Biology 14(4):352-360. (*, co-first authors) 
 
130. Senova S, Poupon C, Dauguet J, Stewart HJ, Dugué GP, Jan C, Hosomi K, Ralph GS, 
Barnes L, Drouot X, Pouzat C, Mangin JF, Pain F, Doignon I, Aron-Badin R, Brouillet E, 
Boyden ES, Mitrophanous KA, Hantraye P, Palfi S (2018) Optogenetic Tractography for 
anatomo-functional characterization of cortico-subcortical neural circuits in non-human 
primates, Scientific Reports 8(1):3362. 
 
131. Migliori B, Datta MS, Dupre C, Apak MC, Asano S, Gao R, Boyden ES, Hermanson O, 
Yuste R, Tomer R (2018) Light sheet theta microscopy for rapid high-resolution imaging of 
large biological samples, BMC Biology 16(1):57. 
 
132. de Paz AM, Cybulski TR, Marblestone AH, Zamft BM, Church GM, Boyden ES, Kording 
KP, Tyo KEJ (2018) High-resolution mapping of DNA polymerase fidelity using nucleotide 
imbalances and next-generation sequencing, Nucleic Acids Research 46(13):e78 
 
133. Alon, S.*, Huynh, G. H.*, Boyden, E. S. (2018) Expansion Microscopy: Enabling Single 
Cell Analysis In Intact Biological Systems, The FEBS Journal 286(8):1482-1494. (*, co-first 
authors) 
 
134. Daigle TL, Madisen L, Hage TA, Valley MT, Knoblich U, Larsen RS, Takeno MM, Huang 
L, Gu H, Larsen R, Mills M, Bosma-Moody A, Siverts LA, Walker M, Graybuck LT, Yao Z, 
Fong O, Nguyen TN, Garren E, Lenz GH, Chavarha M, Pendergraft J, Harrington J, 
Hirokawa KE, Harris JA, Nicovich PR, McGraw MJ, Ollerenshaw DR, Smith KA, Baker CA, 
Ting JT, Sunkin SM, Lecoq J, Lin MZ, Boyden ES, Murphy GJ, da Costa NM, Waters J, Li L, 
Tasic B, Zeng H (2018) A Suite of Transgenic Driver and Reporter Mouse Lines with 
Enhanced Brain-Cell-Type Targeting and Functionality, Cell 174(2):465-480. 
 
135. Allen BD, Moore-Kochlacs C, Bernstein JG, Kinney J, Scholvin J, Seoane L, 
Chronopoulos C, Lamantia C, Kodandaramaiah SB, Tegmark M, Boyden ES (2018) 
Automated in vivo patch clamp evaluation of extracellular multielectrode array spike 
recording capability, Journal of Neurophysiology 120(5):2182-2200. 
 
136. Asano SM*, Gao R*, Wassie AT*, Tillberg PW, Chen F, Boyden ES (2018) Expansion 
Microscopy: Protocols for Imaging Proteins and RNA in Cells and Tissues, Current Protocols 
in Cell Biology 80(1):e56.  (*, co-first authors) 
 
137. Michihiro Igarashi, Motohiro Nozumi, Ling-Gang Wu, Francesca Cella Zanacchi, István 
Katona, László Barna, Pingyong Xu, Mingshu Zhang, Fudong Xue, Edward Boyden (2018) 
New observations in neuroscience using superresolution microscopy, Journal of 
Neuroscience 38 (44) 9459-9467. 
 
138. Wolff AR, Bygrave AM, Sanderson DJ, Boyden ES, Bannerman DM, Kullmann DM, 
Kätzel D (2018) Optogenetic induction of the schizophrenia-related endophenotype of ventral 
hippocampal hyperactivity causes rodent correlates of positive and cognitive symptoms, 
Scientific Reports 8(1):12871. 
 
139. Boyden, E. S. (2018) Physical magnification of objects, Materials Horizons 6:11-13. 
 
140. Nir Grossman, Michael S. Okun, Edward S. Boyden (2018) Translating Temporal 
Interference Brain Stimulation to Treat Neurological and Psychiatric Conditions, JAMA 
Neurology 75(11):1307-1308. 
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141. Boyden, E. S. (2018) Maps of Mechanisms, “Building a Better Brain” Voices Feature, 
Cell 175(3):633-634. 
 
142. Jörg Scholvin, Anthony Zorzos, Justin Kinney, Jacob Bernstein, Caroline Moore-
Kochlacs, Nancy Kopell, Clifton Fonstad and Edward S. Boyden (2018) Scalable, Modular 
Three-Dimensional Silicon Microelectrode Assembly via Electroless Plating, Micromachines 
9(9):436. 
 
143. D. Oran*, S. G. Rodriques*, R. Gao, S. Asano, M. A. Skylar-Scott, F. Chen, P. W. 
Tillberg, A. H. Marblestone**, E. S. Boyden** (2018) 3D nanofabrication by volumetric 
deposition and controlled shrinkage of patterned scaffolds, Science 362(6420):1281-1285. (*, 
equal contributors; **, equal contributors) 
 
144. Gambarotto D, Zwettler FU, Le Guennec M, Schmidt-Cernohorska M, Fortun D, Borgers 
S, Heine J, Schloetel JG, Reuss M, Unser M, Boyden ES, Sauer M, Hamel V, Guichard P 
(2019) Imaging cellular ultrastructures using expansion microscopy (U-ExM), Nature Methods  
16(1):71-74. 
 
145. Wassie AT*, Zhao Y*, Boyden ES (2018) Expansion microscopy: principles and uses in 
biological research, Nature Methods 16(1):33-41. (*, equal contributors) 
 
146. Sara Mederos, Alicia Hernández-Vivanco, Jorge Ramírez-Franco, Mario Martín-
Fernández, Marta Navarrete, Aimei Yang, Edward S. Boyden, Gertrudis Perea (2019) 
Melanopsin for precise optogenetic activation of astrocyte-neuron networks, Glia 67(5):915-
934. 
 
147. Cho YK, Park D*, Yang A*, Chen F, Chuong AS, Klapoetke NC, Boyden ES (2019) 
Multidimensional screening yields channelrhodopsin variants having improved photocurrent 
and order-of-magnitude reductions in calcium and proton currents, Journal of Biological 
Chemistry 294(11):3806-3821. (*, equal contribution) 
 
148. Ruixuan Gao*, Shoh M. Asano*, Srigokul Upadhyayula*, Igor Pisarev, Daniel E. Milkie, 
Tsung-Li Liu, Ved Singh, Austin Graves, Grace H. Huynh, Yongxin Zhao, John Bogovic, 
Jennifer Colonell, Carolyn M. Ott, Christopher Zugates, Susan Tappan, Alfredo Rodriguez, 
Kishore R. Mosaliganti, Shu-Hsien Sheu, H. Amalia Pasolli, Song Pang, C. Shan Xu, Sean 
G. Megason, Harald Hess, Jennifer Lippincott-Schwartz, Adam Hantman, Gerald M. Rubin, 
Tom Kirchhausen, Stephan Saalfeld, Yoshinori Aso, Edward S. Boyden**, Eric Betzig** 
(2019) Cortical column and whole-brain imaging with molecular contrast and nanoscale 
resolution, Science 363(6424):eaau8302. (*, equal contribution, **, co-corresponding) 
 
149. Qian Y, Piatkevich KD, Mc Larney B, Abdelfattah AS, Mehta S, Murdock MH, Gottschalk 
S, Molina RS, Zhang W, Chen Y, Wu J, Drobizhev M, Hughes TE, Zhang J, Schreiter ER, 
Shoham S, Razansky D, Boyden ES, Campbell RE (2018) A genetically encoded near-
infrared fluorescent calcium ion indicator, Nature Methods 16(2):171-174. 
 
150. Markus A. Stahlberg, Charu Ramakrishnan, Katrin I. Willig, Edward S. Boyden, Karl 
Deisseroth, Camin Dean (2019) Investigating the feasibility of channelrhodopsin variants for 
nanoscale optogenetics, Neurophotonics 6(1):015007. 
 
151. Martorell AJ, Paulson AL, Suk HJ, Abdurrob F, Drummond GT, Guan W, Young JZ, Kim 
DN, Kritskiy O, Barker SJ, Mangena V, Prince SM, Brown EN, Chung K, Boyden ES, Singer 
AC, Tsai LH (2019) Multi-sensory Gamma Stimulation Ameliorates Alzheimer's-Associated 
Pathology and Improves Cognition, Cell 177(2):256-271. 
 
152. Rodriques SG, Marblestone AH, Boyden ES (2019) A theoretical analysis of single 
molecule protein sequencing via weak binding spectra, PLoS One 14(3):e0212868. 
 
153. Nardou R, Lewis EM, Rothhaas R, Xu R, Yang A, Boyden E, Dölen G (2019) Oxytocin-
dependent reopening of a social reward learning critical period with MDMA, Nature 
569(7754):116-120. 
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154. Holst GL, Stoy W, Yang B, Kolb I, Kodandaramaiah SB, Li L, Knoblich U, Zeng H, 
Haider B, Boyden ES, Forest CR (2019) Autonomous patch-clamp robot for functional 
characterization of neurons in vivo: development and application to mouse visual cortex, 
Journal of Neurophysiology 121(6):2341-2357. 
 
155. Kolb I, Landry CR, Yip MC, Lewallen CF, Stoy WA, Lee J, Felouzis A, Yang B, Boyden 
ES, Rozell CJ, Forest CR (2019) PatcherBot: a single-cell electrophysiology robot for 
adherent cells and brain slices, Journal of Neural Engineering 16(4):046003. 
 
156. Boyden ES, Marblestone AH (2019) Architecting Discovery: A Model for How Engineers 
Can Help Invent Tools for Neuroscience, Neuron 102(3):523-525. 
 
157. Adaikkan C, Middleton SJ, Marco A, Pao PC, Mathys H, Kim DN, Gao F, Young JZ, Suk 
HJ, Boyden ES, McHugh TJ, Tsai LH (2019) Gamma Entrainment Binds Higher-Order Brain 
Regions and Offers Neuroprotection, Neuron 102(5):929-943. 
 
158. Bajo VM, Nodal FR, Korn C, Constantinescu AO, Mann EO, Boyden ES, King AJ (2019) 
Silencing cortical activity during sound-localization training impairs auditory perceptual 
learning, Nature Communications 10(1):3075. 
 
159. Suk HJ, Boyden ES, van Welie I (2019) Advances in the automation of whole-cell patch 
clamp technology, Journal of Neuroscience Methods 326:108357. 
 
160. Saka SK, Wang Y, Kishi JY, Zhu A, Zeng Y, Xie W, Kirli K, Yapp C, Cicconet M, 
Beliveau BJ, Lapan SW, Yin S, Lin M, Boyden ES, Kaeser PS, Pihan G, Church GM, Yin P 
(2019) Immuno-SABER enables highly multiplexed and amplified protein imaging in tissues, 
Nature Biotechnology 37(9):1080-1090. 
 
161. Guo SM, Veneziano R, Gordonov S, Li L, Danielson E, Perez de Arce K, Park D, Kulesa 
AB, Wamhoff EC, Blainey PC, Boyden ES, Cottrell JR, Bathe M (2019) Multiplexed and high-
throughput neuronal fluorescence imaging with diffusible probes, Nature Communications 
10(1):4377. 
 
162. Anikeeva P, Boyden E, Brangwynne C, Cissé II, Fiehn O, Fromme P, Gingras AC, 
Greene CS, Heard E, Hell SW, Hillman E, Jensen GJ, Karchin R, Kiessling LL, Kleinstiver 
BP, Knight R, Kukura P, Lancaster MA, Loman N, Looger L, Lundberg E, Luo Q, Miyawaki A, 
Myers EW Jr, Nolan GP, Picotti P, Reik W, Sauer M, Shalek AK, Shendure J, Slavov N, 
Tanay A, Troyanskaya O, van Valen D, Wang HW, Yi C, Yin P, Zernicka-Goetz M, Zhuang X 
(2019) Voices in methods development, Nature Methods 16(10):945-951. 
 
163. Ramirez-Zamora A, Giordano J, Boyden ES, Gradinaru V, Gunduz A, Starr PA, Sheth 
SA, McIntyre CC, Fox MD, Vitek J, Vedam-Mai V, Akbar U, Almeida L, Bronte-Stewart HM, 
Mayberg HS, Pouratian N, Gittis AH, Singer AC, Creed MC, Lazaro-Munoz G, Richardson M, 
Rossi MA, Cendejas-Zaragoza L, D'Haese PF, Chiong W, Gilron R, Chizeck H, Ko A, Baker 
KB, Wagenaar J, Harel N, Deeb W, Foote KD, Okun MS (2019) Proceedings of the Sixth 
Deep Brain Stimulation Think Tank Modulation of Brain Networks and Application of 
Advanced Neuroimaging, Neurophysiology, and Optogenetics, Frontiers in Neuroscience 
13:936. 
 
164. Piatkevich KD*, Bensussen S*, Tseng HA*, Shroff SN, Lopez-Huerta VG, Park D, Jung 
EE, Shemesh OA, Straub C, Gritton HJ, Romano MF, Costa E, Sabatini BL, Fu Z, Boyden 
ES**, Han X** (2019) Population imaging of neural activity in awake behaving mice, Nature 
574:413–417. (* equal contribution, **, co-corresponding) 
 
165. Shemesh OA*, Linghu C*, Piatkevich KD*, Goodwin D, Celiker OT, Gritton HJ, Romano 
MF, Gao R, Yu CJ, Tseng HA, Bensussen S, Narayan S, Yang CT, Freifeld L, Siciliano CA, 
Gupta I, Wang J, Pak N, Yoon YG, Ullmann JFP, Guner-Ataman B, Noamany H, Sheinkopf 
ZR, Park WM, Asano S, Keating AE, Trimmer JS, Reimer J, Tolias AS, Bear MF, Tye KM, 
Han X, Ahrens MB, Boyden ES (2019) Precision Calcium Imaging of Dense Neural 
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Populations via a Cell-Body-Targeted Calcium Indicator, Neuron 107(3):470-486. (*, equal 
contribution) 
 
166. Ruixuan Gao*, Chih-Chieh (Jay) Yu*, Linyi Gao*, Kiryl D Piatkevich, Rachael L Neve, 
Srigokul Upadhyayula, Edward S Boyden (2019) A highly homogeneous expansion 
microscopy polymer composed of tetrahedron-like monomers, bioRxiv 814111. (*, equal 
contribution) 
 
167. Emmanouil D. Karagiannis*, Jeong Seuk Kang*, Tay Won Shin, Amauche Emenari, 
Shoh Asano, Leanne Lin, Emma K. Costa, IMAXT Grand Challenge Consortium, Adam H. 
Marblestone, Narayanan Kasthuri, Edward S. Boyden (2019) Expansion Microscopy of Lipid 
Membranes, bioRxiv 829903. (*, equal contribution) 
 
168. Bucur O*, Fu F*, Calderon M, Mylvaganam GH, Ly NL, Day J, Watkin S, Walker BD, 
Boyden ES**, Zhao Y** (2020) Nanoscale imaging of clinical specimens using conventional 
and rapid expansion pathology, Nature Protocols 15:1649–1672.  (*, equal contribution, **, 
co-corresponding) 
 
169. Subach OM, Sotskov VP, Plusnin VV, Gruzdeva AM, Barykina NV, Ivashkina OI, 
Anokhin KV, Nikolaeva AY, Korzhenevskiy DA, Vlaskina AV, Lazarenko VA, Boyko KM, 
Rakitina TV, Varizhuk AM, Pozmogova GE, Podgorny OV, Piatkevich KD, Boyden ES, 
Subach FV (2020) Novel Genetically Encoded Bright Positive Calcium Indicator NCaMP7 
Based on the mNeonGreen Fluorescent Protein, International Journal of Molecular Sciences 
21(5):1644. 
 
170. Samuel G. Rodriques*, Linlin M. Chen*, Sophia Liu, Ellen D. Zhong, Joseph R. 
Scherrer, Edward S. Boyden**, Fei Chen** (2020) RNA timestamps identify the age of single 
molecules in RNA sequencing, Nature Biotechnology, doi:10.1038/s41587-020-0704-z. 
Online ahead of print. (*, equal contribution, **, co-corresponding) 
 
171. Fan LZ, Kheifets S, Böhm UL, Wu H, Piatkevich KD, Xie ME, Parot V, Ha Y, Evans KE, 
Boyden ES, Takesian AE, Cohen AE (2020) All-Optical Electrophysiology Reveals the Role 
of Lateral Inhibition in Sensory Processing in Cortical Layer 1, Cell 180(3):521-535. 
 
172. Edward S. Boyden (2019) Optogenetics: Tools for Controlling Brain Cells with Light, 
Molecular Frontiers Journal, 3(2)129-137. 
 
173. Yu CJ, Barry NC, Wassie AT, Sinha A, Bhattacharya A, Asano S, Zhang C, Chen F, 
Hobert O, Goodman MB, Haspel G, Boyden ES (2020) Expansion microscopy of C. elegans, 
eLife  9:e46249. 
 
174. Gong X, Mendoza-Halliday D, Ting JT, Kaiser T, Sun X, Bastos AM, Wimmer RD, Guo 
B, Chen Q, Zhou Y, Pruner M, Wu CW, Park D, Deisseroth K, Barak B, Boyden ES, Miller 
EK, Halassa MM, Fu Z, Bi G, Desimone R, Feng G (2020) An Ultra-Sensitive Step-Function 
Opsin for Minimally Invasive Optogenetic Stimulation in Mice and Macaques, Neuron 
107(1):38-51. 
 
175. Shahar Alon*, Daniel R Goodwin*, Anubhav Sinha*, Asmamaw T Wassie*, Fei Chen*, 
Evan R Daugharthy**, Yosuke Bando, Atsushi Kajita, Andrew G Xue, Karl Marrett, Robert 
Prior, Yi Cui, Andrew C Payne, Chun-Chen Yao, Ho-Jun Suk, Ru Wang, Chih-Chieh (Jay) 
Yu, Paul Tillberg, Paul Reginato, Nikita Pak, Songlei Liu, Sukanya Punthambaker, Eswar P. 
R. Iyer, Richie E Kohman, Jeremy A Miller, Ed S Lein, Ana Lako, Nicole Cullen, Scott Rodig, 
Karla Helvie, Daniel L Abravanel, Nikhil Wagle, Bruce E Johnson, Johanna Klughammer, 
Michal Slyper, Julia Waldman, Judit Jané-Valbuena, Orit Rozenblatt-Rosen, Aviv Regev, 
IMAXT Consortium, George M Church***+, Adam H Marblestone***, Edward S Boyden***+ 
(2020) Expansion Sequencing: Spatially Precise In Situ Transcriptomics in Intact Biological 
Systems, bioRxiv 2020.05.13.094268. (* equal contribution, ** key contributions to early 
stages of project, *** equal contribution, +co-corresponding authors) 
 



Edward S. Boyden, Ph. D.                                                   January 7, 2021 26

176. Zhang C*, Kang JS*, Asano SM, Gao R, Boyden ES (2020) Expansion Microscopy for 
Beginners: Visualizing Microtubules in Expanded Cultured HeLa Cells, Current Protocols in 
Neuroscience 92(1):e96.  (*, contributed equally) 
 
177. Deblina Sarkar*, Jinyoung Kang*, Asmamaw T Wassie*, Margaret E. Schroeder, Zhuyu 
Peng, Tyler B. Tarr, Ai-Hui Tang, Emily Niederst, Jennie Z. Young, Li-Huei Tsai**, 
Thomas A. Blanpied**, Edward S. Boyden** (2020) Expansion Revealing: Decrowding 
Proteins to Unmask Invisible Brain Nanostructures, bioRxiv 2020.08.29.273540.  (* co-first 
authors, ** co-corresponding authors) 
 
178. Young-Gyu Yoon*, Zeguan Wang*, Nikita Pak, Demian Park, Peilun Dai, Jeong Seuk 
Kang, Ho-Jun Suk, Panagiotis Symvoulidis, Burcu Guner-Ataman, Kai Wang**, and Edward 
S. Boyden** (2020) Sparse decomposition light-field microscopy for high speed imaging of 
neuronal activity, Optica 7(10):1457-1468. (* equal contributors, ** equal contributors) 
 
179.  Moreaux LC, Yatsenko D, Sacher WD, Choi J, Lee C, Kubat NJ, Cotton RJ, Boyden 
ES, Lin MZ, Tian L, Tolias AS, Poon JKS, Shepard KL, Roukes ML (2020) Integrated 
Neurophotonics: Toward Dense Volumetric Interrogation of Brain Circuit Activity - at Depth 
and in Real Time, Neuron 108(1):66-92. 
 
180. Shen FY, Harrington MM, Walker LA, Cheng HPJ, Boyden ES, Cai D (2020) Light 
microscopy based approach for mapping connectivity with molecular specificity, Nature 
Communications 11(1):4632. 
 
181. Changyang Linghu*, Shannon L. Johnson*, Pablo A. Valdes, Or A. Shemesh, Won Min 
Park, Demian Park, Kiryl D. Piatkevich, Asmamaw T. Wassie, Yixi Liu, Bobae An, Stephanie 
A. Barnes, Orhan T. Celiker, Chun-Chen Yao, Chih-Chieh (Jay) Yu, Ru Wang, Katarzyna P. 
Adamala, Mark F. Bear, Amy E. Keating and Edward S. Boyden (2020) Spatial multiplexing 
of fluorescent reporters for imaging signaling network dynamics, Cell 183(6):1682-1698. (*, 
equal contribution) 
 
182. Chih-Chieh (Jay) Yu*, Danielle M. Orozco Cosio*, Edward S. Boyden (2020) ExCel: 
Super-resolution imaging of C. elegans with expansion microscopy, Methods in Molecular 
Biology, accepted. (*, equal contribution) 
 
183. Qian Y, Cosio DMO, Piatkevich KD, Aufmkolk S, Su WC, Celiker OT, Schohl A, 
Murdock MH, Aggarwal A, Chang YF, Wiseman PW, Ruthazer ES, Boyden ES, Campbell RE 
(2020) Improved genetically encoded near-infrared fluorescent calcium ion indicators for in 
vivo imaging, PLoS Biology 18(11):e3000965. 
 
184. Payne AC*, Chiang ZD*, Reginato PL*, Mangiameli SM, Murray EM, Yao CC, 
Markoulaki S, Earl AS, Labade AS, Jaenisch R, Church GM, Boyden ES**, Buenrostro JD**, 
Chen F** (2020) In situ genome sequencing resolves DNA sequence and structure in intact 
biological samples, Science, doi:10.1126/science.aay3446. Online ahead of print.  (* equal 
contribution, **co-corresponding) 
 
 
Conference Papers and Talks (refereed) 
1. Fletcher, R., Omojola, O., Boyden, E. S., Gershenfeld, N. (1999) Reconfigurable Agile Tag 
Reader Technologies for Combined EAS and RFID capability, Proceedings of the Second 
IEEE Workshop on Automatic Identification Advanced Technologies, Summit, New Jersey. 
 

2. Bernstein, J. G., Han, X., Henninger, M. A., Ko, E. Y., Qian, X., Franzesi, G. T., 
McConnell, J. P., Stern, P., Desimone, R., and Boyden, E. S. (2008) Prosthetic systems for 
therapeutic optical activation and silencing of genetically-targeted neurons, Proc Soc Photo 
Opt Instrum Eng 6854:68540H.  

 
3. Doroudchi, M. M., Greenberg, K. P., Zorzos, A. N., Hauswirth, W. W., Fonstad, C. G., 
Horsager, A., Boyden, E. S. (2011) Towards Optogenetic Sensory Replacement, Conference 
Proceedings of the IEEE Engineering in Medicine and Biology Society 2011:3139-41. 
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4. Boyden, E. S. (2011) Optogenetics. 33rd Annual International Conference of the IEEE 
Engineering in Medicine and Biology Society (EMBC ’11). 
 
5. Kodandaramaiah, S., Krijnen, M., Go, J., Malik, S., Sondej, N., Khatait, J. P., Boyden, E. 
S., Aarts, R. G. K. M., Brouwer, D. M., Forest, C. F. (2011) Characterization of translation of 
fused silica micropipettes in non-rectilinear trajectories, Proceedings of the 26th Annual 
Meeting of the American Society for Precision Engineering, Denver, CO. 
 
6. J. Go, A. Fan, C. Lu, S.B. Kodandaramaiah, G.L. Holst, W. Stoy, I. Kolb, E.S. Boyden, 
C.R. Forest (2013) Fully-automated, in-vivo, single cell electrophysiology, Proceedings of the 
28th Annual Meeting of the American Society for Precision Engineering, Saint Paul, MN. 
 
7. I. Kolb, G. Holst, B. Goldstein, S.B. Kodandaramaiah, E.S. Boyden, E. Culurciello, C.R. 
Forest (2013) Automated, in-vivo, whole-cell electrophysiology using an integrated patch-
clamp amplifier, Proceedings of the 22nd Annual Computational Neuroscience Meeting (CNS 
2013), Paris, France, July 13-18, 2013. 
 
8. Ilya Kolb, Gregory L. Holst, Max A. Stockslager, Suhasa B. Kodandaramaiah, William 
Stoy, Edward S. Boyden, Craig R. Forest (2015) LINEAR MICRO-ACTUATION SYSTEM 
FOR PATCH-CLAMP RECORDING, Proceedings of the 30th Annual Meeting of the 
American Society for Precision Engineering. 
 
9. Jorg Scholvin, Justin Kinney, Jacob Bernstein, Caroline Moore-Kochlacs, Nancy Kopell, 
Clifton Fonstad, Edward Boyden (2016) Heterogeneous Neural Amplifier Integration for 
Scalable Extracellular Microelectrodes, 38th Annual International Conference of the IEEE 
Engineering in Medicine and Biology Society. 
 
10. Jorg Scholvin, Brian Allen, Jacob Bernstein, Chris Chronopoulos, Justin Kinney, Charlie 
Lamantia, Caroline Moore-Kochlacs, Nancy Kopell, Clifton Fonstad, Edward Boyden (2016) 
Close-Packed Microelectrodes for Awake Headfixed 1020-Channel Neural Recording, BMES 
2016. 
 
11. Uygar Sümbül, Douglas Roossien, Dawen Cai, Fei Chen, Nicholas Barry, John P. 
Cunningham, Edward Boyden, Liam Paninski (2016) Automated scalable segmentation of 
neurons from multispectral images, Advances in Neural Information Processing Systems 29 
(NIPS 2016). 
 
12. Shaun Berry, Shawn Redmond, Paul Robinson, Todd Thorsen, Mordechai Rothschild, 
Edward S. Boyden (2017) Adaptive Fluidic Microoptics for Single Cell Optogenetics, Bio-
Optics: Design and Application (BODA): Biochip and optofluidics, OSA Biophotonics 
Congress: Optics in the Life Sciences, San Diego, CA. 
 
13. J. Scholvin, C.G. Fonstad, E.S. Boyden (2017) Scaling models for microfabricated in vivo 
neural recording technologies. 8th International IEEE/EMBS Conference on Neural 
Engineering (NER), pp. 181-185, May 25, 2017. 
 
14. An J, Flores FJ, Kodandaramaiah SB, Betta ID, Nikolaeva K, Boyden ES, Forest CR, 
Brown EN (2018) Automated Assessment of Loss of Consciousness Using Whisker And Paw 
Movements During Anesthetic Dosing in Head-Fixed Rodents, Conf Proc IEEE Eng Med Biol 
Soc 730-733. 
 
 
Patents and Patent Applications 
Total: 192 patents granted, and 343 patents pending. Selected patents (25) related to 
academic research, below. Updated June 2019: 
 
Patent #            Title 
10,317,321        Protein retention expansion microscopy  
10,309,879        Expansion microscopy 
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10,173,061        Methods and apparatus for stimulation of biological tissue 
10,120,180        Methods and apparatus for stretched light field microscope 
10,106,584        Red-shifted opsin molecules and uses thereof 
10,105,551        System for optical stimulation of target cells 
10,094,840        Light-activated cation channel and uses thereof 
10,059,990        In situ nucleic acid sequencing of expanded biological samples 
10,036,758        Delivery of a light-activated cation channel into the brain of a subject 
9,829,492          Implantable prosthetic device comprising a cell expressing a 
                               channelrhodopsin 
9,668,804          Automated cell patch clamping method and apparatus 
9,500,641 Red-shifted opsin molecules and uses thereof 
9,498,293 Automated cell patch clamping method and apparatus 
9,278,159 Light-activated cation channel and uses thereof 
9,187,745 System for optical stimulation of target cells 
9,163,094 Light-activated fusion proteins and uses therefor 
9,101,690 Light-activated cation channel and uses thereof 
8,957,028 Red-shifted opsin molecules and uses thereof 
8,939,774 Methods and apparatus for three-dimensional microfabricated arrays 
8,910,638 Methods and apparatus for high-throughput neural screening 
8,906,360 Light-activated cation channel and uses thereof 
8,864,805 System for optical stimulation of target cells 
8,708,965 Scalable parallel gene therapy injector array 
8,545,543 Methods and apparatus for microstructure lightguides 
8,398,692 System for optical stimulation of target cells 
 
 
Theses 
1. Boyden, E. S. (1999) Quantum Computing: Theory and Implementation, Master's Thesis in 
Electrical Engineering and Computer Science, Bachelor's Thesis in Physics, Massachusetts 
Institute of Technology. 
 
2. Boyden, E. S. (2005) Task-selective neural mechanisms of memory encoding, Ph. D. 
Thesis in Neurosciences, Stanford University. 
 
 
Synthetic Neurobiology Memos 
1. Synthetic Neurobiology Memo #1 (2006) Optical Fiber/Laser System for In Vivo 
(Multicolor) Light Delivery for Brain Neuromodulation. Online. 
 
2. Synthetic Neurobiology Memo #2 (2009) Lentivirus production for high-titer, cell-specific, in 
vivo neural labeling. Online. 
 
3. Synthetic Neurobiology Memo #4 (2009) Very Simple Off-The-Shelf Laser and Viral 
Injector Systems for In Vivo Optical Neuromodulation. Online. 
 
4. Synthetic Neurobiology Memo #3 (2009) Circuit Boards and Software for Heart Rate and 
Galvanic Skin Response Measurements. Online. 
 
 
Byline Articles 
1. Boyden, E. S. (2000) Computational and Theoretical Neuroscience: From Synapse to 
Circuitry. National Institutes of Health/National Institute of Neurological Disorders and Stroke, 
Technical Report for Workshop of April 28, 2000.  
 
2. Boyden, E. S. (2007) Engineering the Brain (‘Notebooks’ column), Technology Review, 
March/April 2007 issue, p. 34-35. 
 
3. Boyden, E. S. In Pursuit of Human Augmentation. Ed Boyden's Blog. Technology Review. 
9/17/07. (http://www.technologyreview.com/blog/boyden/21839/). 
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4. Boyden, E. S. Open Philanthropy. Ed Boyden's Blog. Technology Review. 9/24/07. 
(http://www.technologyreview.com/blog/boyden/21850/). 
 
5. Boyden, E. S. Synthetic Neurobiology. Ed Boyden's Blog. Technology Review. 10/9/07. 
(http://www.technologyreview.com/blog/boyden/21871/). 
 
6. Boyden, E. S. How to Think. Ed Boyden's Blog. Technology Review. 11/13/07. 
(http://www.technologyreview.com/blog/boyden/21925/).  
 
7. Boyden, E. S. Training a Generation of Neuroengineers. Ed Boyden's Blog, Technology 
Review. 4/22/08. (http://www.technologyreview.com/blog/boyden/22055/). 
 
8. Boyden, E. S. Inverting the Core. Ed Boyden's Blog. Technology Review. 7/14/08. 
(http://www.technologyreview.com/blog/boyden/22096/).  
 
9. Boyden, E. S. Research as a Community-Building Activity Ed Boyden's Blog. Technology 
Review. 7/28/08. (http://www.technologyreview.com/blog/boyden/22102/).  
 
10. Boyden, E. S. Averting Disasters, Preventing Problems. Ed Boyden's Blog. Technology 
Review. 9/2/08. (http://www.technologyreview.com/blog/boyden/22122/). 
 
11. Boyden, E. S. Civilization as Experiment. Ed Boyden's Blog. Technology Review. 
1/19/09. (http://www.technologyreview.com/blog/boyden/22512/). 
 
12. Boyden, E. S. (2009) The Singularity and the Fixed Point. Column, Technology Review. 
9/4/2009. (http://www.technologyreview.com/biomedicine/23354/). 
 
13. Boyden, E. S. and Chow, B. Y. (2010) Defining An Algorithm For Inventing From Nature. 
Column, Technology Review. 1/19/2010. 
 
14. Boyden, E. S. (2010) Controlling the brain with light. SPIE Newsroom. 6/10/2010.  
 
15. Boyden, E. S., Allen B. D., Fritz D. (2010) Brain Coprocessors, Column, Technology 
Review. 9/23/2010. 
 
16. Boyden, E. S. (2010) Molecular Tools for Controlling Brain Circuits with Light, Eppendorf 
and Science Prize for Neurobiology Competition Essay, Science Magazine. 
 
17. Boyden, E. S. (2011) The Birth of Optogenetics, The Scientist, July 2011 Issue. (Cover 
Story.) 
 
18. Boyden, E. S. (2011) Optogenetics: Using Light to Control the Brain, Cerebrum, The 
Dana Foundation, November 2011. 
 
19. Boyden, E. S. (2014) Let there be light, Scientific American Mind, November/December 
2014. 
 
 
Other writings 
1. Boyden, E. S. (1996) The Practical Physicist's OpenGL tutorial. Online. 
 
2. Boyden, E. S. (1997) Tree-based Cluster Weighted Modeling: Towards A Massively 
Parallel Real-Time Digital Stradivarius. Online. 
 
3. Boyden, E. S. (1997) A physics-based animation engine. Online. 
 
4. Altshuler, R. C., Boyden, E. S., Chase, C. C., Davis, B. M., Delatorre, F. J., Edelson, J., 
Elgart, J. D., Gates, H. G., Hancher, M. D., Hasan, L. M., Huang, A. S., Knaian, A. N., Lee, 
F., Newburg, S. O., Polito, B. F., Reynolds, M. S., Smith, E. D., Warmann, E. C. (1998) The 
ORCA-1: An Autonomous Underwater Vehicle. Online. 
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5. Boyden, E. S., El Rifai, O., Hubert, B., Karpman, M., Roberts, D. (1999) A High-
Performance Tunneling Accelerometer. Online. 
 
 
Book chapters 
1. Task Group Summary 6 (The Brain), The National Academies Keck Futures Initiative: 
Complex Systems: Task Group Summaries, 2009, ISBN 0-309-13725-X, National Academies 
Keck Future Initiative, National Academies Press, Washington DC. 
 
2. Boyden, E. S., Han, X., Talei Franzesi, G., Chan, S., Bernstein, J., Qian, X., Li, M. (2009) 
New Techniques for Investigating Brain Rhythms: Optical Neural Control and Multielectrode 
Recording, In: Rhythms of the Neocortex: Where Do They Come From and What Are They 
Good For? (Kopell N., ed.) pp. 65-75. Washington, DC: Society for Neuroscience. 
 
3. Chow, B. Y., Han, X., Bernstein, J. G., Monahan, P. E., Boyden, E. S. (2011) Light-
Activated Ion Pumps and Channels for Temporally Precise Optical Control of Activity in 
Genetically Targeted Neurons, Chapter 6, Photosensitive Molecules for Controlling Biological 
Function, edited by James J. Chambers and Richard H. Kramer, Neuromethods Series 
Volume 55, Humana Press. 
 
4. Boyden, E.S. (2010) Optogenetics. Chapter in McGraw-Hill Yearbook of Science & 
Technology, McGraw-Hill. 
 
5. Chow, B. Y., Han, X., Bernstein, J. G., Monahan, P. E., Boyden, E. S. (2012) Light-
Activated Ion Pumps and Channels for Temporally Precise Optical Control of Activity in 
Genetically Targeted Neurons, p. 305-338, Neuronal Network Analysis: Concepts and 
Experimental Approaches, edited by Tommaso Fellin and Michael Halassa,Neuromethods 
Series Volume 67, Humana Press. 
 
6. Boyden, E. S. (2013) Optogenetic tools for controlling neural activity: molecules and 
hardware. In Optogenetics, edited by Peter Hegemann and Stephan Sigrist. Dahlem 
Workshop Report, De Gruyter. 
 
 
Books 
1. T. Knopfel and E. Boyden, eds. (2012) Optogenetics: Tools for Controlling and Monitoring 
Neuronal Activity, Progress in Brain Research, vol. 196, Elsevier.  

Invited talks 
and other 
talks 

Invited talks 
1. (2003) How multiple plasticity mechanisms contribute to versatile motor learning. Stanford 
Neurosciences Program 2003 Retreat, Monterey, CA. 
 
2. (2005) Causal roles of neurons and neural circuits in learning and behavior. Hertz 
Foundation Scholars 2005 Retreat, Pt. Reyes, CA. 
 
3. (2006) Solving the brain systematically: tools for the analysis and engineering of neural 
circuits. Google Tech Talk series, Google, Mountain View, CA. 
 
4. (2006) Cutting-edge technologies for the systematic analysis of neural circuit dynamics. 
UCSF, Program in Bioengineering Seminar Series, San Francisco, CA. 
 
5. (2006) Resolving the computational role of specific neural circuit elements. McGovern 
Institute, MIT, Cambridge, MA. 
 
6. (2006) Towards the analysis of cortical computation via optical control of neural activity. 
Computation and Neural Systems, Caltech, Pasadena, CA. 
 
7. (2006) Enabling technologies for controlling neural circuit functions. Brain Science 
Program, Brown University, Providence, RI. 
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Building, Neuroscience Day, University of New Mexico, Albuquerque, NM. 
 
211. (2013) Technologies for Integrative Analysis of Cell Types, NIH Single Cell Meeting, 
Bethesda, MD. 
 
212. Boyden, E. S (2013) Optogenetics, In Vivo Robotics, 3-D Neural Interfacing, & Brain 
Building, Lundbeck, Copenhagen, Denmark. 
 
213. (2013) Optogenetics. MIT Opto 2013 Conference, MIT, Cambridge, MA. 
 
214. (2013) Technologies for Mapping Brain Computations. BU Medical School, Boston, MA. 
 
215. (2013) Engineering the Brain, MIT Tech Day Kresge Symposium. 
 
216. (2013) Engineering the Brain, DARPA Invited Presentation, Defense Science Office, 
Arlington, VA.  
 
217. (2013) Tools for Analyzing and Engineering the Brain, Global Future 2045 (GF2045) 
Congress, Alice Tully Hall, Lincoln Center, New York, NY. 
 
218. (2013) Optogenetics, In Vivo Robotics, 3-D Brain Building: Tools for Analyzing and 
Engineering the Brain, Leica Scientific Forum Lecture, Bernstein Center for Computational 
Neuroscience Berlin, Berlin, Germany. 
 
219. (2013) Optogenetics, In Vivo Robotics, 3-D Brain Building: Tools for Analyzing and 
Engineering the Brain, Leica Scientific Forum Lecture, Max-Planck-Institute Heidelberg, 
Heidelberg, Germany. 
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220. (2013) Optogenetics, In Vivo Robotics, 3-D Brain Building: Tools for Analyzing and 
Engineering the Brain, Leica Scientific Forum Lecture, Max Planck Institute of Neurobiology, 
Munich, Germany. 
 
221. (2013) Invited Presentation, Large-Scale Recording Technologies and Structural 
Neurobiology, National Institutes of Health Advisory Committee to the Director Brain 
Research through Advancing Innovative Neurotechnologies(BRAIN) Working Group, 
Rockefeller University, New York City, NY. 
 
222. (2013) Engineering The Brain, Friday Evening Lecture, Marine Biology Laboratory, 
Woods Hole, MA. 
 
223. (2013) Optogenetics and novel methods for imaging neural activity, NSF Workshop on 
Mapping and Engineering the Brain, Arlington, VA. 
 
224. (2013) Optogenetics. New Advances in Optical Imaging of Live Cells & Organisms, Cold 
Spring Harbor Asia, Suzhou, China. 
 
225. (2013) Tools for Mapping Brain Computations, MIT/MGH Initiative Symposium in 
Neuroscience, MIT, Cambridge, MA. 
 
226. (2013) Tools for Mapping Brain Computations, Herman P. Schwan Distinguished 
Lecture, University of Pennsylvania. 
 
227. (2013) Optogenetics and Other Tools for Controlling and Analyzing Neural Circuits, 
Accelerating Translational Neurotechnology: Fourth Annual Aspen Brain Forum, Aspen, CO. 
 
228. (2013) Optogenetics. Harvard Mind, Brain, and Behavior Junior Symposium 2013: New 
Methods in Brain Science: Optogenetics, the Connectome, and Functional Imaging 2.0, 
Harvard University, Cambridge, MA. 
 
229. (2013) Optogenetics. Inaugural MIT Institute for Medical Engineering and Science 
Symposium, MIT. 
 
230. (2013) Engineering the Brain, EmTech 2013 Conference, MIT Technology Review, MIT, 
Cambridge, MA. 
 
231. (2013) Optogenetics. Gabbay Award Lecture, Brandeis University. 
 
232. (2013) Tools for Mapping Brain Computations, Industry-Academy Symposium in CNS, 
Tel Aviv University. 
 
233. (2013) Optogenetics. Israeli BRAIN Prize Competition Talk, 1st International Israeli Brain 
Technology Conference, Tel Aviv, Israel. 
 
234. (2013) Optogenetics. Invited presentation, Brain Prize Day, Aarhus University, 
Denmark. 
 
235. (2013) Optogenetics: Tools for Controlling Brain Circuits with Light, Brain Prize Meeting, 
Hindsgavl Castle, Denmark. 
 
236. (2013) Towards the Brainome: Tools for Understanding Molecules, Connectivity, 
Activity, and Behavior, Society for Neuroscience Short Course, "The Science of Large Data 
Sets: Spikes, Fields, and Voxels," lecturer. 
 
237. (2013) Optical, Molecular, and Robotic Tools for Integrative Single Cell Analysis, Society 
for Neuroscience Symposium “All for one and one for all: progress in single cell 
Neurobiology”, San Diego, CA. 
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238. (2013) Technologies for Mapping and Engineering the Brain, What is Life? Lecture, 
Karolinska Institute, Stockholm, Sweden. 
 
239. (2013) Optogenetics: Tools for Analyzing and Controlling Brain Circuits with Light, Royal 
Swedish Academy of Sciences Symposium: Optogenetics, Stockholm, Sweden.  
 
240. (2013) Optogenetics: Tools for Mapping and Controlling Brain Dynamics, CURE the 
Epilepsies: Frontiers in Research Seminar Series, Albert Einstein College of Medicine, Bronx, 
NY. 
 
241. (2014) Tools for Mapping and Engineering Brain Computations, Yale University. 
 
242. (2014) Tools for Mapping and Engineering Brain Computations, Honors Program, NYU. 
 
243. (2014) Tools for Mapping and Engineering Brain Computations, Bioconference Live. 
 
244. (2014) Tools for Mapping Brain Computations, Distinguished Seminar Series, Institute 
for Computational Medicine, Johns Hopkins University. 
 
245. (2014) Tools for recording and controlling neural activity, Neuronal Circuits Meeting, 
Cold Spring Harbor. 
 
246. (2014) Optical Tools for Mapping and Engineering the Brain, Lester Wolfe Workshop on 
Laser Biomedicine, Massachusetts General Hospital, Boston, MA. 
 
247. (2014) Tools for Mapping Brain Computations, Carl P. Duncan Lecture, Northwestern 
University. 
 
248. (2014) Tools for Mapping Brain Computations, XXVIII Sandbjerg Symposium, Danish 
Society for Neuroscience. 
 
249. (2014) Tools for mapping and engineering brain circuits, Genetic Manipulation of 
Neuronal Activity III, Janelia Farm, Ashburn, VA. 
 
250. (2014) New tools to study and engineer brain circuits, The Brain: Achievements and 
challenges, Molecular Frontiers Symposium, Royal Swedish Academy of Sciences, 
Stockholm, Sweden.  
 
251. (2014) Tools for mapping brain computations, Featured Plenary Speaker, Canadian 
Neuroscience Meeting, Montreal, Canada. 
 
252. (2014) Tools for mapping brain computations, Schuetze Award Lecture, Columbia 
University. 
 
253. (2014) Optogenetics, Special Lecture, 9th FENS Forum for Neuroscience, Milan, Italy. 
 
254. (2014) Optogenetics. 7th World Congress of Biomechanics, Boston, MA. 
 
255. (2014) Optical Tools for Mapping Brain Computations, Gordon Conference on Lasers in 
Medicine and Biology, Holderness, NH. 
 
256. (2014) Optogenetics: Membrane Transport Proteins as Tools for Mapping the Brain, 
Keynote, Gordon Conference on Membrane Transport Proteins, West Dover, VT. 
 
257. (2014) Tools for Mapping and Engineering the Brain, 2nd Workshop, Micro- and 
Nanotechnologies for Medicine: Emerging Frontiers and Applications, Brigham and Women's 
Hospital, Harvard, Cambridge, MA. 
 
258. (2014) Tools for Mapping and Engineering the Brain, MIT Club of Northern California, 
Palo Alto, CA. 
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259. (2014) Tools for Mapping and Engineering the Brain, Canary Center, Stanford 
University, Palo Alto, CA. 
 
260. (2014) Tools for Mapping and Engineering the Brain, Rambus, Sunnyvale, CA. 
 
261. (2014) Tools for Mapping and Engineering the Brain, Singularity University, NASA 
Ames, Mountain View, CA. 
 
262. (2014) Tools for Mapping, Recording, and Controlling Neural Circuits, Monitoring 
Molecules in Neuroscience, Plenary Lecture, Los Angeles, CA. 
 
263. (2014) Tools for Mapping and Engineering the Brain, Draper Executive Seminar on 
Neurotechnology, Draper Lab, Cambridge, MA. 
 
264. (2014) Tools for Mapping and Engineering Brain Computations, Director’s Special 
Colloquium, Argonne National Laboratory, Argonne, IL. 
 
265. (2014) Tools for Mapping and Engineering Brain Computations, Biophysics Colloquium, 
Cornell University, Ithaca, NY. 
 
266. (2014) Tools for Mapping Brain Computations, Fourth Biennial Conference on Resting 
State/Brain Connectivity, MIT, Cambridge, MA. 
 
267. (2014) Tools for Mapping and Engineering Brain Computations, Applied Physics 
Colloquium, Harvard University. 
 
268. (2014) Robots that can Drill Ultraprecise Craniotomies and Automatically Record 
Neurons, SYM02: Neuro-Vation, Congress of Neurological Surgeons Annual Meeting, 
Boston, MA. 
 
269. (2014) Molecular Tools for Mapping and Controlling Neural Circuits, SYM02: Neuro-
Vation, Congress of Neurological Surgeons Annual Meeting, Boston, MA. 
 
270. (2014) Tools for Mapping and Engineering the Brain, The Scientist Webinar, New 
Models and Tools for Studying Synaptic Development and Function. 
 
271. (2014) Tools for Mapping and Fixing the Brain, Translational Neuroscience Center 
Inaugural Symposium, Children’s Hospital, Harvard Medical School. 
 
272. (2014) From Here to Where? Following the Brain Map, Plenary Talk, Techonomy. 
 
273. (2014) Mapping the brain at scale: collecting the data necessary to infer the 
computations carried out by neural circuits, Google, Mt. View, CA. 
 
274. (2014) Towards a Comprehensive Atlas of the Mechanisms of Brain Computation, IEEE 
EMBS BRAIN Grand Challenges Conference, Washington, DC. 
 
275. (2014) Optical Tools for Mapping and Engineering the Brain, DFG-NSF workshop "New 
Perspectives of Neurotechnology and Neuroengineering," NSF, Washington, DC. 
 
276. (2014) Tools for Mapping and Repairing the Brain, Thirty Third Annual Seminar Series, 
The Human Brain: Research, Progress, and Policy, MIT Club of Washington DC. 
 
277. (2014) Tools for Mapping and Repairing the Brain, Lincoln Lab ARTS Conference, MIT. 
 
278. (2014) Tools for Multiscale Analysis of Biological Systems, Biochemistry Lecture, 
Massachusetts General Hospital, Boston, MA. 
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279. (2014) Understanding Brains and Minds, Russian-American Research Symposium, 
Moscow, Russia. 
 
280. (2014) Super-resolution microscopy across arbitrary scales, NIH High-Risk High-
Reward Symposium, Bethesda, MD. 
 
281. (2014) Tools for Mapping, Recording, and Fixing Brains, “Talking Science” Lecture, 
Munich, Germany. 
 
282. (2015) Tools for Understanding and Fixing Complex Biological Systems, MGH 
BioMEMS Resource Center Seminar, Harvard University, MGH Charlestown. 
 
283. (2015) Tools for Understanding and Fixing Complex Biological Systems, Feinstein 
Institute, NY. 
 
284. (2015) Tools for Understanding and Fixing Complex Biological Systems, Northeastern 
University, Boston, MA. 
 
285. (2015) Tools for Mapping and Fixing the Brain, NIDA, Baltimore, MD. 
 
286. (2015) Tools for Mapping and Fixing the Brain, Army Research Laboratory, Aberdeen 
Proving Ground, MD. 
 
287. (2015) Tools for Mapping and Fixing the Brain, World CNS Summit 2015, Boston, MA. 
 
288. (2015) Expansion Microscopy, NYSCF Webinar. 
 
289. (2015) Optical Tools for Mapping and Engineering the Brain, SPIE Optogenetics 
Conference, Keynote. 
 
290. (2015) Tools for Brain-Wide Mapping of the Computations of Intelligence, Center for 
Brains, Minds, and Machines Seminar, Harvard. 
 
291. (2015) Tools for Mapping and Fixing the Brain, Brain Forum 2015, Lausanne, 
Switzerland. 
 
292. (2015) Tools for Mapping and Fixing the Brain, Carnegie Prize Lecture, Carnegie Mellon 
University. 
 
293. (2015) Tools for Understanding and Fixing the Brain, Massachusetts Neurological 
Association, Waltham, MA. 
 
294. (2015) Tools for Mapping and Fixing the Brain, Neural Engineering and Systems Design 
BootCamp, DARPA. 
 
295. (2015) Expansion Microscopy, Plenary Talk, 3rd NIH Single Cell Meeting, NIH, 
Bethesda, MD. 
 
296. (2015) Towards Imaging DNA, RNA, and Proteins With Nanoscale Precision 
Throughout Entire Neurons and Neural Networks, NIH Workshop on Defining Cellular 
Phenotypes, NIH, Bethesda, MD. 
 
297. (2015) Expansion Microscopy, Janelia Zebrafish Workshop, Janelia Farm. 
 
298. (2015) Tools for Mapping and Controlling Complex Biological Systems, 2nd International 
Workshop on Mammalian Synthetic Biology, MIT. 
 
299. (2015) Tools for Mapping and Fixing Complex Biological Systems, Wayne Crill Lecture, 
University of Washington. 
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300. (2015) Tools for Mapping and Fixing Complex Biological Systems, Institute for Disease 
Modeling, Bellevue, WA. 
 
301. (2015) Tools for Mapping and Fixing Complex Biological Systems, Milton Gordon 
Lecture, University of Washington. 
 
302. (2015) Precision tools for optically mapping and repairing the brain, Frontiers in 
Neurophotonics Summer School, Quebec City, Canada. 
 
303. (2015) Tools for Mapping and Repairing the Brain, Dana Foundation/AAAS Capitol Hill 
Briefing, Washington, DC. 
 
304. (2015) Tools for Mapping and Fixing the Brain, Albany 2015: the 19th Conversation, 
SUNY Albany, Albany, NY. 
 
305. (2015) Mapping the Control Knobs of Autoimmune Attack, NYSCF Immunoengineering 
Working Group Meeting, New York, NY. 
 
306. (2015) Tools for Mapping and Fixing Complex Biological Systems, Xerox PARC, Palo 
Alto, CA. 
 
307. (2015) Expansion Microscopy, Science Foo (SciFoo) Camp, Google, Mountain View, 
CA. 
 
308. (2015) Why is understanding the brain so difficult? The Future of the Brain segment, 
Science Foo (SciFoo) Camp, Google, Mountain View, CA. 
 
309. (2015) Tools for Mapping and Fixing Complex Biological Systems, “Dinner and Ideas,” 
3scan, San Francisco, CA. 
 
310. (2015) Tools for Mapping and Fixing Complex Biological Systems, webinar, Photonics 
Media. 
 
311. (2015) Tools for mapping and repairing complex biological systems, 3rd Annual 
Workshop on Micro- and Nanotechnologies for Medicine: Emerging Frontiers and 
Applications, Cambridge, MA. 
 
312. (2015) Tools for Mapping Brain Computations, Program on Challenges in Computational 
Neuroscience (CCNS) Workshop, Statistical and Applied Mathematical Sciences Institute, 
Research Triangle Park, NC. 
 
313. (2015) Tools for mapping and repairing the brain, Beyond Monoamines: Towards New 
Conceptualizations and Treatments for Major Depression Workshop, Radcliffe Institute, 
Cambridge, MA. 
 
314. (2015) Expansion Microscopy, 21st International Conference on DNA Computing and 
Molecular Programming, Wyss Institute for Biologically Inspired Engineering, Harvard 
University, Cambridge, MA. 
 
315. (2015) Tools for analyzing and repairing complex biological systems, NIH Director’s 
Lecture, NIH, Bethesda, MD. 
 
316. (2015) Tools for analyzing and repairing the brain, MindEx 2015, Mind First 
Foundation/Harvard Personal Genome Project, Cambridge, MA  
 
317. (2015) Tools for analyzing and repairing complex biological systems, Novartis Venture 
Fund annual retreat. 
 
318. (2015) Tools for analyzing and repairing complex biological systems, Epilepsy 
Innovation Meeting, Epilepsy Foundation, Cambridge MA 
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319. (2015) Tools for analyzing and repairing the brain, Kavli Workshop on Cortical 
Computation, Cambridge MA 
 
320. (2015) Tools for analyzing and repairing the brain, L’Universite Paris Descartes, Paris, 
France. 
 
321. (2015) Tools for analyzing and repairing complex biological systems, Keynote Address, 
Gulf Coast Cluster for Neuroengineering 5th Annual NeuroEngineering Symposium (Rice, 
Baylor, UT Houston, UT Galveston, MD Anderson), Houston, TX. 
 
322. (2015) Lighting up Biology, Science Writers 2015, Council for the Advancement of 
Science Writing New Horizons in Science, Cambridge, MA, Plenary Talk. 
 
323. (2015) Tools for analyzing and repairing the brain, McLean Hospital, Belmont, MA. 
 
324. (2015). Seeing very small things, PopTech 2015, Camden, ME. 
 
325. (2015) Tools for mapping and repairing the brain, Wellesley College, Wellesley, MA. 
 
326. (2015) Tools for understanding and repairing the brain, MIT Neurotech 2015, MIT, 
Cambridge, MA. 
 
327. (2015) Tools for analyzing and modulating brain circuits, Behavior & Neurogenetics of 
Nonhuman Primates, Cold Spring Harbor Laboratory, 2015. 
 
328. (2015) Tools for Understanding and Fixing Complex Biological Systems, Stanley 
Seminar, Cold Spring Harbor Laboratory, 2015. 
 
329. (2015) Tools for Analyzing and Repairing Complex Biological Systems, Huck Institutes 
Distinguished Lecture Series, Penn State, State College, PA. 
 
330. (2015) Vascular Interfaces for Brain Imaging and Stimulation, Research Highlight Talks, 
2nd Annual BRAIN Initiative Investigators Meeting, Bethesda, MD. 
 
331. (2015), with Ian Wickersham: Identifying and Accessing Cells and Circuits, Technology 
Integration Cross-Cutting Theme, 2nd Annual BRAIN Initiative Investigators Meeting, 
Bethesda, MD. 
 
332. (2015) Thinking backwards from the goal of really simple data analysis, BICCC Break 
Out Session: Cell Type Histology & Morphology, 2nd Annual BRAIN Initiative Investigators 
Meeting, Bethesda, MD. 
 
333. (2015) Tools for Mapping and Repairing Complex Biological Systems, Biochemistry, 
UCSF, San Francisco, CA. 
 
334. (2016) Tools for analyzing brain circuits implementing intelligence, The Science and 
Engineering of Intelligence: A bridge across Vassar Street, MIT, Cambridge, MA. 
 
335. (2016) (2016) Engineering Revolutions (“BetaZone”), World Economic Forum Annual 
Meeting, Davos, Switzerland. Delivered lecture twice. 
 
336. (2016) Will Science Save Us?, Discussion Leader, Nature Publishing Group, World 
Economic Forum Annual Meeting, Davos, Switzerland. 
 
337. (2016) Tools for Mapping and Repairing Complex Biological Systems, Longitudinal 
Seminar for the Master’s Program in Clinical and Translational Investigation (MPCTI) and the 
Program in Clinical and Translational Science (PCaTS ) at Harvard Medical School 
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338. (2016) Expansion microscopy: toward large-volume, 3D, nanoscale, multiplexed 
molecular mapping, 4th Annual Klarman Cell Observatory Retreat, Broad Institute, 
Cambridge, MA. 
 
339. (2016) Tools for Analyzing and Repairing Brains and Other Complex Biological Systems, 
Schueler Lecture, Tulane University, New Orleans, LA. 
 
340.  (2016) Reverse Engineering, and Repairing, the Brain and Mind, MIT Sidney Pacific 
Presidential Fellows Distinguished Lecture Series. 
 
341.  (2016) Tools for Analyzing and Repairing Complex Biological Systems, Optogenetics in 
Neuroscience, Symposium, Biophysical Society 60th Annual Meeting, Los Angeles, CA. 
 
342. (2016) Mapping, Observing, and Controlling the Brain Using Light, Mind Control: Past, 
Present, and Future, Mind Brain Behavior Initiative, Harvard University. 
 
343. (2016) Tools for Mapping and Controlling Complex Biological Systems, 2016 Gene 
Circuits LabLinks, Broad Institute. 
 
344. (2016) Tools for Mapping and Controlling Complex Biological Systems, Harvard Medical 
School, Division of Immunology Trainee Forum. 
 
345. (2016) Tools for Analyzing and Repairing the Brain, Neuroscience Graduate Program, 
USC. 
 
346. (2016) Optical Tools for Analyzing and Repairing Complex Biological Systems, Biology, 
Caltech. 
 
347. (2016) Tools for Mapping and Repairing Complex Biological Systems, Cell Circuits and 
Epigenomics Seminar Series, Broad Institute. 
 
348. (2016) Expansion Microscopy, High-Resolution Circuit Reconstruction Conference, 
Janelia Farm. 
 
349. (2016) Tools for Analyzing and Repairing the Brain, Stanford Neuroscience Institute 
Seminar Series, Stanford. 
 
350. (2016) Tools for Comprehensive Analysis of Brain Circuitry, The Brain in Focus: New 
Approaches to Imaging Neurons and Neural Circuits, Rungstedgaard, Denmark. 
 
351. (2016) Tools for Analyzing and Repairing Brains and Other Biological Systems, Institute 
for Biophysical Dynamics, U Chicago. 
 
352. (2016) Optical Tools for Analyzing and Repairing Complex Biological Systems, Salk 
Institute Thursday Seminar Series, Salk Institute. 
 
353. (2016) Tools for Ground-Truth Analysis and Control of Neural Circuits, Computational 
Neuroscience and Vision Systems, University of Massachusetts Amherst. 
 
354. (2016) Expansion Microscopy (published on TED.com as “Baby diapers inspired this 
new way to study the brain”), TED (Technology, Entertainment, and Design) Summit 
Conference, Banff, Canada. 
 
355. (2016) Tools for Mapping and Controlling Neural Circuitry, Optogenetic Approaches to 
Understanding Neural Circuits & Behavior, Sunday River, Newry, ME. 
 
356. (2016) New tools for mapping and engineering the brain: optogenetics and expansion 
microscopy, 2nd Proteins and Peptides International Conference, University of Geneva, 
Switzerland. 
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357. (2016) Ground-Truthing Medicine, Effective Altruism Global, Berkeley, CA. 
 
358. (2016) Introduction to Expansion Microscopy, Expansion Microscopy Workshop, Janelia 
Research Campus. 
 
359. (2016) Tools for Analyzing and Controlling Biological Systems, Litwack Lecture, North 
Carolina State University. 
 
360. (2016) Tools for Mapping and Controlling the Brain, Neurotechnology Center Kavli 
Futures Symposium, Columbia University. 
 
361. (2016) Tools for Analyzing and Repairing Complex Biological Systems, Wellman Center 
for Photomedicine, MGH. 
 
362. (2016) Technologies for Mapping and Repairing the Brain, Reading Your Mind: 
Understanding your brain through physical responses, MDG Forum, Regis College. 
 
363. (2016) Expansion Microscopy, Keynote, National Society of for Histotechnology Annual 
Symposium, Long Beach, CA. 
 
364. (2016) Optical Tools for Analyzing and Repairing Complex Biological Systems, 13th Key 
Symposium 2016: Bioelectronic Medicine - Technology Targeting Molecular Mechanisms, 
New York Academy of Sciences, New York, NY. 
 
365. (2016) Perspectives on Optogenetics, Optogenetics Day, Neurex, Strasbourg, France. 
 
366. (2016) Optogenetics and Expansion Microscopy: Molecular Tools for Mapping and 
Controlling Complex Biological Systems, Institut de Science et d'Ingénierie 
Supramoléculaires, U. Strasbourg. 
 
367. (2016) Ground-truthing Medicine, Hello Tomorrow Summit, Keynote, Paris, France. 
 
368. (2016) Towards ground-truth analysis of neural circuit computations, Genetic 
Manipulation of Neuronal Activity IV, Janelia Research Campus, Ashburn, VA. 
 
369. (2016) Technologies for Mapping and Repairing the Brain at a Fundamental Level, 
Center for BrainHealth, UT Dallas, Dallas, TX. 
 
370. (2016) Optical Tools for Analyzing and Repairing the Brain, Karen L. Wrenn 
Lectureship, Duke University. 
 
371. (2016) Tools for Understanding and Repairing the Brain, Research Update in 
Neuroscience for Neurosurgeons Course, Marine Biology Laboratory, Woods Hole, MA. 
 
372. (2016) Tools for Systematically Analyzing Neural Circuits, Molecular and Cellular 
Cognition Society, San Diego, CA. 
 
373. (2016) Expansion Microscopy and Expansion Sequencing: Towards Comprehensive 
Molecular Interrogation of Complex Biological Systems, Illumina Science & Technology 
Seminar Series, San Francisco, CA. 
 
374. (2016) Expansion Microscopy: Towards Nanoscale Multiplexed Mapping of Biological 
Systems, Oncology Seminar Series, Koch Institute, MIT, Cambridge MA. 
 
375. (2016) Lecture on Expansion Microscopy, Precision Medicine and Emerging Methods of 
Bioimaging panel, Association of Academic Health Centers 2016 Research Meeting, 
Washington, DC. 
 
376. (2017) Expansion Microscopy and Optogenetics, 14th Annual Advanced Imaging 
Methods Workshop at UC Berkeley, Berkeley, CA. 
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377. (2017) Expansion Microscopy, AAAS/Science Webinar, Washington, DC. 
 
378. (2017) Towards Comprehensive Biological Analysis of Intact Cells and Tissues: 
Expansion Microscopy, Optogenetics, and Other Tools, Brigham and Womens Pathology 
Grand Rounds, Brigham and Womens Hospital, Boston, MA. 
 
379. (2017) Optical Tools for Analyzing and Repairing Brain Circuits, Max Planck Florida 
Sunposium 2017, Palm Beach, FL. 
 
380. (2017) Optical Tools for Analyzing and Repairing Complex Biological Systems, Friday 
Lecture Series, Rockefeller University. 
 
381. (2016) Ultra-Multiplexed Nanoscale in Situ Proteomics for Understanding Synapse 
Types, Brain Initiative Cell Census Consortium 3rd Annual BRAIN Initiative Investigators Pre-
Meeting, Rockville, MD. 
 
382. (2017) Nanoscale Resolution, Multiplexed, 3-D Molecular Imaging Across Large 
Volumes: Expansion Microscopy, Human Cell Atlas Meeting, Chan Zuckerberg Science, 
Stanford University. 
 
383. (2017) Optogenetics and Expansion Microscopy: New Ways of Using Light to 
Understand Biological Systems, Keynote, Boston Photonics Centennial Conference, Harvard 
University. 
 
384. (2017) Towards 3-D Multiplexed, Multimodal Imaging of Biomolecules Throughout Cells 
and Tissues, BRAIN Initiative Technology Integration Webinar. 
 
385. (2017) Optical Tools for Mapping and Repairing the Brain: Expansion Microscopy and 
Optogenetics, 10th Annual Future of Genomic Medicine Conference, La Jolla, CA. 
 
386. (2017) Tools for Analyzing and Repairing the Brain, Breakthroughs in Biology (Hadad) 
lecture, Haverford College. 
 
387. (2017) Tools for Mapping and Controlling Complex Biological Systems, Department of 
Genetics, Washington University in St. Louis. 
 
388. (2017) Expansion Microscopy and Optogenetics: Tools for Deconstructing Neural 
Circuits, OneChemistry Symposium, Chemistry's Role in the Brain Initiative, Johns Hopkins 
University. 
 
389. (2017) Expansion microscopy, Frontiers in Imaging Science, Janelia Research Campus. 
 
390. (2017) Expansion microscopy, Whitehead Institute Symposium on Frontiers in Biological 
Microscopy Technologies, Whitehead Institute, Cambridge, MA. 
 
391. (2017) Expansion microscopy, keynote lecture, Foundations of Nanoscience, Snowbird, 
UT. 
 
392. (2017) Optical tools for analyzing and repairing complex biological systems, Science and 
Technology Speaker Series, Sandia National Laboratory. 
 
393. (2017) Tools for Mapping and Controlling Brain Circuits: Optogenetics and Expansion 
Microscopy, plenary lecture, Society of Biological Psychiatry, Annual Meeting, San Diego, 
CA. 
 
394. (2017) Tools for Analyzing and Repairing Complex Biological Systems, Center for 
Interdisciplinary Research in Benign Urology, Beth Israel Deaconess Medical Center and 
Harvard Medical School. 
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395. (2017) Optical Tools for Analyzing and Repairing Complex Biological Systems, 
Massachusetts General Hospital Cancer for Cancer Research, Charlestown, MA. 
 
396. (2017) Expansion Microscopy and Optogenetics: Tools for Mapping and Controlling 
Biological Systems, Frontiers in Imaging Lecture, Analytical & Quantitative Light Microscopy 
Course, Marine Biology Laboratory, Woods Hole, MA. 
 
397. (2017) Optogenetic Technologies and Beyond: Tools for Mapping and Repairing 
Complex Biological Systems, Symposium, ARVO, Baltimore, MD. 
 
398. (2017) Expansion Microscopy and Optogenetics: Tools for Mapping and Controlling 
Biological Systems, Harvard Program in Neuroscience 2017 Biennial Spring Symposium, 
Harvard Medical School, Boston, MA. 
 
399. (2017) Things that Will Blow your Mind lecture, Milken Global Conference, Los Angeles, 
CA. 
 
400. (2017) Tools for Analyzing and Repairing Complex Biological Systems, Rowland 
Institute Biweekly Seminar, Cambridge, MA. 
 
401. (2017) with Nir Grossman, Noninvasive deep brain stimulation via delivery of temporally 
interfering electric fields, Noninvasive Brain Stimulation Scientific Interest Group Seminar, 
NIH Webinar. 
 
402. (2017) The Future of the Brain: Curing, Augmenting, Simulating, Y Conf, San Francisco, 
CA. 
 
403. (2017) Optical Tools for Understanding Biological Systems, Roger Tsien Keynote 
Lecture, CYTO 2017, Boston, MA. 
 
404. (2017) Expansion microscopy, imaging neural dynamics, and optogenetics, 
Neuroimaging Seminar Series, Marine Biology Laboratory, Woods Hole, MA. 
 
405. (2017) Optical Tools for Understanding Biology: Expansion Microscopy, Optogenetics, 
and More, Centre for Stem Cells and Regenerative Medicine, King's College London. 
 
406. (2017) Expansion Microscopy, CRUK Researchers' Retreat 2017, Francis Crick Institute, 
London. 
 
407. (2017) Tools for Seeing and Controlling Biological Systems, plenary lecture, European 
Conferences on Biomedical Optics, Munich, Germany. 
 
408. (2017) Tools for Mapping and Repairing the Brain, The Brain Prize Symposium: The 
Functions of Neural Networks, Lund University 350th Anniversary Jubilee, Lund, Sweden. 
 
409. (2017) Optical tools for analyzing and repairing complex biological systems, Society of 
General Physiologists, 71st Annual Symposium, Woods Hole, MA. 
 
410. (2017) Optical Tools for Analyzing and Repairing Complex Biological Systems, 14th 
Horizons in Molecular Biology Conference, Max Planck Institute for Biophysical Chemistry, 
Gottingen, Germany. 
 
411. (2017) Technologies for Analyzing and Repairing the Brain, Wearable Tech + Digital 
Health + Neurotech, Applysci Conference, MIT. 
 
412. (2017) Technologies for Understanding and Repairing Complex Biological Systems, 
Reprogramming biological form and function: the dark matter of biology, Allen Discovery 
Center Opening Event, Tufts University. 
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413. (2017) New Tools for Understanding and Engineering the Brain, 2017 MIT Health 
Sensing & Imaging Conference, MIT. 
 
414. (2017) Expansion Microscopy & Optogenetics: Tools for Mapping and Repairing Biology, 
Novartis Institutes of Biomedical Research, Cambridge, MA. 
 
415. (2017) Optical Tools for Analyzing and Repairing Brain Circuits: Expansion Microscopy, 
Optogenetics, and More, 2nd annual Cornell Neurotech Symposium, Cornell University, 
Ithaca, NY. 
 
416. (2017) Tools for mapping and repairing disease states: can we make therapeutic 
invention into a mature design science, BioTech Week Boston, Boston, MA. 
 
417. (2017) Optical Tools for Mapping and Controlling Complex Biological Systems, 
Neuroscience Seminar Series, UT Southwestern, Dallas, TX. 
 
418. (2017) Expansion Microscopy, Optogenetics, and Other Tools for Mapping and 
Repairing the Brain, Grand Rounds, Department of Psychiatry and Behavioral Sciences at the 
University of Texas Health Science Center at Houston, Houston, TX. 
 
419. (2017) Expansion Microscopy and Optogenetics: Towards Mapping and Control of 
Complex Biological Systems, Department of Translational Molecular Pathology Distinguished 
Speaker Seminar Series, UT MD Anderson Cancer Center, Houston, TX. 
 
420. (2017) Towards Comprehensive Analysis of Neural Circuit Functions, plenary talk, 
142nd Annual Meeting of the American Neurological Association, San Diego, CA. 
 
421. (2017) Creating and Disseminating Different Kinds of Neurotechnologies, Kavli Futures 
Symposium on Next-Gen, Open-Source Neurotechnology Dissemination, Los Angeles, CA. 
 
422. (2017) Tools for Understanding and Repairing the Brain, Research Update in 
Neuroscience for Neurosurgeons Course, Marine Biology Laboratory, Woods Hole, MA. 
 
423. (2017) Tools for Mapping and Repairing the Brain, Third Annual Selected Topics in 
Craniomaxillofacial Surgery: An International Symposium on Cranioplasty and Implantable 
Neurotechnology, Shriners Hospitals for Children, Boston, MA. 
 
424. (2017) Nanotechnologies for Analyzing and Repairing the Brain, Keynote, 
Nanotechnology in Medicine Network, University of Manchester, Manchester, UK. 
 
425. (2017) Optical tools for analyzing and repairing complex biological systems, Keynote, 
Single Cell Analyses, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY. 
 
426. (2017) Optical tools for analyzing and repairing biological systems, Drexel Prize in 
Biotechnology lecture, 2017 International Symposium on Molecular Medicine and Infectious 
Disease, Drexel University, Philadelphia, PA. 
 
427. (2017) Optical Tools for Mapping Structure and Function in the Zebrafish Brain, 
International Workshop on Zebrafish Neural Circuits and Behavior, NIH, Bethesda, MD. 
 
428. (2017) Optical Tools for Analyzing and Repairing Complex Biological Systems, Gail F. 
Beach Memorial Visiting Lectureship Series, Miami Project to Cure Paralysis, Miami, FL. 
 
429. (2018) From Brain Maps to AI, OpenAI / Neuralink, San Francisco, CA. 
 
430. (2018) Technologies for Analyzing and Controlling Neural Circuits, State of the Brain: 
Genetic Dissection of Brain Circuits and Behavior in Health and Disease, Keystone Symposia 
on Molecular and Cellular Biology, Keystone, CO. 
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431. (2018) "Most excited about" talk, Grand Challenge Summit, Cancer Research UK, 
London, UK. 
 
432. (2018) Neurophotonic strategies for observing and controlling neural circuits, 
Neurotechnologies Plenary Session, SPIE Photonics West, San Francisco, CA. 
 
433. (2018) Optical tools for analyzing and controlling neural circuits, Keynote, Optogenetics 
and Optical Manipulation 2018, SPIE Photonics West, San Francisco, CA. 
 
434. (2018) Tools for Mapping and Repairing Complex Biological Systems, Amgen, 
Cambridge, MA. 
 
435. (2018) Expansion Pathology: Nanoscale 3-D Molecular Imaging of Clinical Samples for 
More Accurate Diagnosis of Disease, Pathology Grand Rounds, Beth Israel Deaconess 
Medical Center, Boston, MA. 
 
436. (2018) Optical Tools for Analyzing Neural Circuits and Other Biological Systems, HHMI 
Science Meeting, Janelia Research Campus. 
 
437. (2018) Tools for mapping and repairing brain circuitry, 8th Wearable Tech + Digital 
Health + NeuroTech Silicon Valley conference, Stanford University. 
 
438. (2018) Tools for Mapping and Repairing Complex Biological Systems, Joint Division of 
Biology/Center for Molecular Medicine Seminar Series, UC San Diego. 
 
439. (2018) Tools for Analyzing and Repairing Brain Circuits, Cell Press Lablinks, 
Translational Neuroscience: Bridging the Gap, Broad Institute, Cambridge, MA. 
 
440. (2018) Molecular Tools for Analyzing and Controlling Complex Biological Systems, 
Department of Chemistry, MIT. 
 
441. (2018) Expansion Microscopy, Optogenetics, and Other Tools for Mapping and 
Repairing Biological Systems, Biophysics, CU Boulder, Boulder, CO. 
 
442. (2018) Tools for Mapping and Controlling Complex Biological Systems, Keynote, 
Imaging: Innovations to Enhance Aging Research, Geroscience Interest Group, NIH. 
 
443. (2018) Expansion Microscopy: Towards Mapping of Entire Biological Systems, Tucson 
Symposium, Tucson, AZ. 
 
444. (2018) Tools for Mapping and Repairing Complex Biological Systems, Harvard Catalyst 
Clinical and Translational Research Academy, Harvard Medical School. 
 
445. (2018) Tools for Mapping, Recording, and Controlling Neural Circuits, Gordon 
Conference, Neuroelectronic Interfaces, Galveston, TX. 
 
446. (2018) Tools for Analyzing and Controlling Complex Biological Systems, Topics in 
Bioengineering Seminar, Harvard School of Engineering and Applied Sciences, Harvard 
University. 
 
447. (2018) Tools for Mapping and Repairing Complex Biological Systems, New York Stem 
Cell Foundation, NY, NY. 
 
448. (2018) Optogenetics in 2018: Where do we stand? Heart Rhythm Society Meeting, 
Boston, MA. 
 
449. (2018) How Technologies for Mapping the Brain Could Lead to New Kinds of Artificial 
Intelligence, Keynote, International Conference on Pattern Recognition and Artificial 
Intelligence, Montreal, Canada. 
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450. (2018) Temporal Interference and it’s Potential to Transform DBS Therapy, Dinner 
Speaker, Deep Brain Stimulation Think Tank, Atlanta, GA. 
 
451. (2018) Brains & Behavior: Order & Disorder in the Nervous System, 83rd Cold Spring 
Harbor Laboratory Symposium on Quantitative Biology, Cold Spring Harbor Laboratory. 
 
452. (2018) Optical Tools for Analyzing and Repairing Complex Biological Systems, NIH 
High-Risk, High-Reward Research Symposium, Bethesda, MD. 
 
453. (2018) Novel Tools for Nanoscale Molecular Mapping and High-Speed Neural Dynamics 
Imaging, Gordon Research Conference on Image Science, Stonehill College, Easton, MA. 
 
454. (2018) Tools for Analyzing and Repairing Complex Biological Systems, 2018 University 
of California Systemwide Bioengineering Symposium, Riverside Convention Center, 
Riverside, CA. 
 
455. (2018) Tools for Mapping and Controlling the Brain, 2018 Blavatnik Science 
Symposium, New York, NY. 
 
456. (2018) Molecular Tools for the Analysis and Repair of the Brain, Proteins & Peptides 
Conference 2018, Geneva, Switzerland. 
 
457. (2018) Technologies for Understanding and Repairing the Brain, Colloquium, CERN. 
 
458. (2018) Tools for Mapping and Repairing Complex Biological Systems, Institute for 
Computational Health Sciences, UCSF. 
 
459. (2018) Tools for Mapping and Repairing Brain Circuits, Mechanisms of Epilepsy and 
Neuronal Synchronization Gordon Research Conference, West Dover, VT. 
 
460. (2018) Tools for Analyzing and Repairing the Brain, Brainmind Summit, Stanford 
University. 
 
461. (2018) Tools for Analyzing and Repairing the Brain, Neuroscience Grand Rounds, 
Massachusetts General Hospital, Boston, MA. 
 
462. (2018) Expansion Microscopy, Optical Clearing and Expansion Microscopy symposium, 
Science for Life laboratory, Stockholm, Sweden. 
 
463. (2018) Keynote, Gather Festival, Stockholm, Sweden. 
 
464. (2018), Towards Integrative Optical Interrogation of the Brain, Society for Neuroscience 
Short Course, "Functional, Structural, and Molecular Imaging, and Big Data Analysis," co-
organizer and lecturer, San Diego, CA. 
 
465. (2018) Optical Control and Readout of Neural Activity Through Discovered and 
Engineered Retinal Proteins, 18th International Conference on Retinal Proteins, Hockley 
Valley Resort, Ontario, Canada. 
 
466. (2018) Technologies for Understanding and Treating Alzheimer’s Disease, 
Reconfiguring the Landscape for the Alzheimer’s Challenge Workshop, Wequassett Resort, 
Harwich, MA. 
 
467. (2018) Engineering Serendipity: How to Tackle Scientific Problems in the 21st Century, 
Creative Matters Lecture Series, U Iowa, Iowa City, IA. 
 
468. (2018) Engineering Serendipity, Riding Today’s Wave of Disruptive Technology, 
Innovation Outreach Program, Washington, D.C. 
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469. (2018) Expansion Microscopy, Optogenetics, and other Tools for Analyzing Complex 
Biology, Cell Biology Program, Memorial Sloan Kettering Cancer Center, New York, NY. 
 
470. (2018) Neuroscience + synthetic biology: the neobiological revolution, Keynote Fireside 
Chat, Synbiobeta 2018, San Francisco, CA. 
 
471. (2018) Engineering Serendipity: The Path to Controlling Neurons With Light, Gairdner 
Student Lecture, U Alberta, Edmonton, Canada. 
 
472. (2018) Optogenetics: Tools for Optically Mapping and Repairing the Brain, Gairdner 
Faculty Lecture, U Alberta, Edmonton, Canada. 
 
473. (2018) Engineering Serendipity: The Path to Controlling Neurons With Light, Gairdner 
Student Lecture, U Calgary, Calgary, Canada. 
 
474. (2018) Optogenetics: Tools for Optically Mapping and Repairing the Brain, Gairdner 
Faculty Lecture, U Calgary, Calgary, Canada. 
 
475. (2018) Optogenetics: Tools for Optically Mapping and Repairing the Brain, Gairdner 
Lecture, U Toronto, Toronto, Canada. 
 
476. (2018) Expansion Microscopy, New Observations in Neuroscience Using 
Superresolution Microscopy, Mini-Symposium, Society for Neuroscience, San Diego, CA. 
 
477. (2018) Expansion Microscopy, Keynote, Labeling and Nanoscopy, Heidelberg, 
Germany. 
 
478. (2018) Mapping and Repairing the Brain: Implications for Global Health, Harvard Global 
Health Institute, Cambridge, MA. 
 
479. (2018) Tools for Mapping and Repairing the Brain, Program in Neuroscience Seminar, 
University of Maryland. 
 
480. (2018) Tools for Mapping and Repairing Complex Biological Systems, Keynote, 4th 
Science for Life Conference, Utrecht Life Sciences. 
 
481. (2018) Expansion Microscopy: Towards Nanoresolution Mapping of Proteomes 
Throughout Cells and Tissues, Brain Cell 3D Proteomic Map Workshop, Online Webinar. 
 
482. (2018) Optical Methods for Mapping and Controlling Complex Biological Systems, 22nd 
Annual BU Photonics Center Symposium, Boston University. 
 
483. (2018) Engineering the Brain, World.Minds, Zurich, Switzerland. 
 
484. (2018) Tools for Analyzing and Repairing the Brain, Presidential Distinguished Lecturer, 
57th Annual Meeting, American College of Neuropsychopharmacology, Hollywood, Florida. 
 
485. (2018) Evolving and Designing Optical Tools for Observing and Controlling Neural 
Circuits, 7th NTC Symposium, Voltage Imaging: A Next-Generation Technology for 
Neuroscience, Columbia University. 
 
486. (2019) Tools for Analyzing and Controlling Complex Biological Systems, Endocrinology 
Grand Rounds, Beth Israel Deaconess Medical Center, Boston, MA. 
 
487. (2019) Debugging the Human Brain, Savoy Place, IET London. 
 
488. (2019) Tools for Mapping and Repairing the Brain, Neuroscience Seminar Series, Tufts 
University. 
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489. (2019) From Brain Mapping to 3-D Printing Nanotechnology: A Journey of Curiosity, 
IEEE Boston Sensors Council Chapter Meeting, Analog Devices, Boston, MA. 
 
490. (2019) Tools for noninvasively controlling and observing neural circuits, Plenary Talk, 
3rd International Brain Stimulation Conference, Vancouver, Canada. 
 
491. (2019) From Structure to Function: Optical Tools for Analyzing the Complexity of the 
Brain, Patrick J. McGovern Memorial Symposium, MIT. 
 
492. (2019) Engineering Serendipity: The Path to Controlling Neurons With Light, Gairdner 
Student Lectures (three lectures), Northern Ontario School of Medicine (NOSM). 
 
493. (2019) Optogenetics: Tools for Optically Mapping and Repairing the Brain, Gairdner 
Lecture, Northern Ontario School of Medicine. 
 
494. (2019) Tools for Understanding and Repairing the Brain, Science North, Sudbury, 
Canada. 
 
495. (2019) Tools for Analyzing and Repairing the Brain, ICM, Paris, France. 
 
496. (2019) Nanotechnology for Mapping, Controlling, and Building Brain Circuits and Other 
Complex Systems, NanoLund, Lund University. 
 
497. (2019) Tools for Analyzing and Controlling Complex Biological Systems, Frontiers in 
Biology, Rennes, France. 
 
498. (2019) Optical Tools for Analyzing and Repairing Complex Biological Systems, NSF 
Imaging in the Behaving Brain Workshop, Harvard University. 
 
499. (2019) From Structure to Function: Optical Tools for Mapping, Physiologically 
Interrogating, and Controlling Neural Circuits, Faculty of Medicine, Dalhousie University. 
 
500. (2019) Expansion Microscopy: Towards Scalable, Nanoprecise, Comprehensive 
Mapping of Disease States, Pathology Research Day, Dalhousie University. 
 
501. (2019) Tools for Analyzing and Controlling Complex Biological Systems, Harvard 
Chinese Life Science Annual Conference, Harvard Medical School. 
 
502. (2019) Tools for Analyzing and Repairing Complex Biological Systems, Beatrice and 
Jacob H. Conn Lectureship in Regenerative Medicine, Johns Hopkins University. 
 
503. (2019) Optical Tools for Analyzing and Repairing Complex Biological Systems, 
University of Michigan Neuroscience Symposium. 
 
504. (2019) Tools for Analyzing and Repairing the Brain, Keynote, Center for Brain Science 
Retreat, Harvard. 
 
505. (2019) Expansion Microscopy: Nanoscale Imaging of Large Biological Specimens on 
Ordinary Microscopes, Presidential Symposium, American Association of Neuropathologists 
Annual Meeting, Atlanta, GA. 
 
506. (2019) Tools for Analyzing and Controlling Complex Biological Systems, Canadian 
Student Health Research Forum, Winnipeg, Canada. 
 
507. (2019) Technologies for observing and controlling high-speed physiological dynamics, 
Novel Technologies for the Study of Cognitive Function, Neuroscience School of Advanced 
Studies, Venice, Italy. 
 
508. (2019) Tools for Observing and Controlling Neural Circuits, Keynote, OptoDBS, Geneva. 
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509. (2019) Expansion Microscopy, CAJAL Course on Interacting with Neural Circuits, 
Lisbon, Portugal. 
 
510. (2019) Tools for Mapping and Perturbing Brain Circuits, Prospects in Theoretical 
Physics, "Great Problems in Biology for Physicists," Institute for Advanced Study. 
 
511. (2019) Expansion Microscopy, Optogenetics, and Voltage Imaging (two lectures), 
Norwegian Research School of Neuroscience Summer School in Neuroscience, Molecular 
Genetic Tools for the Study of Neural Circuits, Tromso, Norway. 
 
512. (2019) Tools for Mapping and Controlling the Brain, The V Applied Mathematics, 
Modeling and Computational Science, International Conference, Waterloo, Canada. 
 
513. (2019) Optical Tools for Analyzing and Repairing Complex Biological Systems, Britton 
Chance Lecture for Advances in Basic Imaging Research, World Molecular Imaging 
Congress, Montreal, Canada. 
 
514. (2019) Towards the Comprehensive Mapping of Normal and Pathological Brain 
Mechanisms, BrainMind Summit, Stanford University. 
 
515. (2019) Tools for Understanding and Repairing the Brain, Research Update in 
Neuroscience for Neurosurgeons, Woods Hole, MA. 
 
516. (2019) Updates in Optogenetics for Neuromodulation, Fifth Annual Selected Topics in 
Neuroplastic and Reconstructive Surgery, Boston MA. 
 
517. (2019) Tools for Analyzing and Controlling Complex Biological Systems, IST Austria. 
 
518. (2019) Tools for Mapping and Controlling the Brain, Max Planck Institute for Brain 
Research. 
 
519. (2019) Technologies for Analyzing and Repairing the Brain, Transformative 
Technologies Conference, Palo Alto, CA. 
 
520. (2019) Tools for Analyzing and Controlling Complex Biological Systems, 20th Fredric S. 
Fay Memorial Lecture, U Mass Medical. 
 
521. (2019) Tools for Mapping and Controlling Complex Biological Systems, UMass Amherst. 
 
522. (2019) Optical Tools for Analyzing and Controlling Brain Circuits, Optogenetic 
Technologies and Applications, AIChE / Society for Biological Engineering, Boston MA. 
 
533. (2019) Tools for Mapping and Controlling the Brain and Other Complex Biological 
Systems, University Lecture Series, UT Southwestern. 
 
534. (2019) Tools for Analyzing and Repairing the Brain, Gurley Lecture, UC Santa Barbara. 
 
535. (2019) Optical Tools for Analyzing and Repairing Complex Biological Systems, Boston 
University Neurophotonics Symposium. 
 
536. (2020) Tools for Analyzing and Controlling Brain Circuits, Brains & Behavior (B&B) 
Distinguished Lecture, Georgia State University. 
 
537. (2020) Technologies for Mapping and Repairing Brain Circuits, Keynote, 18th 
International Symposium on Neural Regeneration, Asilomar, California. 
 
538. (2020) Optical tools for analyzing and controlling the brain, Keynote, Optogenetics and 
Optical Manipulation 2020, SPIE Photonics West, San Francisco, CA. 
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539. (2020) Technologies for Analyzing and Repairing the Brain, Ann Romney Center for 
Neurologic Diseases, Brigham and Women's Hospital, Boston, MA. 
 
540. (2020) Tools for Analyzing and Repairing Complex Biological Systems, Biology 
Colloquium, Florida State University. 
 
541. (2020) Optogenetics, C/T Research Academy, Research Career Development Seminar, 
Harvard Clinical and Translational Science Center. (virtual) 
 
542. (2020) Inventing and Applying Tools for the Integrative Investigation of Brain Circuits, 
Brain and Cognitive Sciences, MIT. (virtual) 
 
543. (2020) Tools for Analyzing and Repairing the Brain, “Geniuses and Game Changers”, 
MIT Technology Day. (virtual) 
 
544. (2020) Expansion Microscopy, Imaging ONE WORLD, CRUK Cambridge Institute.  
(virtual) 
 
545. (2020) Tools for Analyzing and Controlling Brain Circuits, Optogenetics: from new tools 
to applications, FENS 2020 Virtual Forum.  (virtual) 
 
546. (2020) Tools for Analyzing and Controlling Complex Biological Systems, Cell and 
Developmental Biology, University College London.  (virtual) 
 
547. (2020) Tools for Imaging and Controlling Neural Circuits, Inscopix Insights Webinar.   
 
548. (2020) Tools for Analyzing and Repairing Biological Systems, Cambridge University 
Scientific Society. (virtual) 
 
549. (2020) Expansion Microscopy, Microscopy and Microanalysis 2020 Virtual Meeting. 
(virtual) 
 
550. (2020) Technologies for Understanding and Repairing the Brain, The Future Lecture 
Series, MIT-CHIEF. (virtual) 
 
551. (2020) Tools for Analyzing and Controlling Biological Systems, Cellular and Molecular 
Biology (CMB) Short Course, “Seeing is Believing: Advancing Research with Scientific 
Microscopy", University of Michigan. (virtual) 
 
552. (2020) Tools for Analyzing and Repairing the Brain, Instituto de Investigaciones 
Biológicas Clemente Estable, Montevideo, Uruguay. (virtual) 
 
553. (2020) Tools for Analyzing and Repairing the Brain, International Congress: 
Neuroscience and Public Policies, Lima, Peru. (virtual) 
 
554. (2020) Multiplexed Nanoscale Protein Mapping Through Expansion Microscopy and 
Immuno-SABER, New Awardee Talk, Brain Initiative Cell Census Network (BICCN) Fall 2020 
Virtual Meeting. 
 
555. (2020) Expansion microscopy and how it can be used to enable nanoscale multiplexed 
imaging of proteins, RNAs, and cellular morphologies, Demo, Brain Initiative Cell Census 
Network (BICCN) Fall 2020 Virtual Meeting. 
 
556. (2020) Optical Tools for Analyzing and Repairing Complex Biological Systems, Wyant 
College of Optical Sciences, U Arizona. (virtual) 
 
557. (2020) Tools for Analyzing the Brain and Other Complex Biological Systems, 
Department of Biological Sciences, UT El Paso. (virtual) 
 



Edward S. Boyden, Ph. D.                                                   January 7, 2021 59

558. (2020) Expansion Microscopy and Expansion Sequencing, Illumina Spatial Genomics 
and Transcriptomics Expert Panel. (virtual) 
 
559. (2020) Technologies for Observing and Controlling Biological Systems, Materials 
Science and Engineering, Stanford University. (virtual) 
 
560. (2020) Tools for Analyzing and Controlling Complex Biological Systems, BioE Talks 
Series, EPFL. (virtual) 
 
561. (2020) Center for Mind, Brain, Computation and Technology, Stanford University. 
(virtual) 
 
562. (2020) Tools for Analyzing and Repairing the Brain, EmTech China 2020. (virtual) 
 
563. (2020) Tools for Mapping, Recording, and Writing to the Brain; Brain Computer 
Interfaces: Innovation, Security, and Society; Columbia-IBM Center for Blockchain and Data 
Transparency. (virtual) 
 
564. (2020) Optical tools for analyzing and controlling the brain, Neuronexus 
Neurotechnologies Symposium, keynote. (virtual) 
 
565. (2020) Optical Tools for Analyzing and Repairing Biological Systems, iCANX. (virtual) 
 
566. (2020) Tools for Analyzing and Repairing Biological Systems, Clinician Engineer Hub. 
(virtual) 
 
567. (2020) New Tools for Multiplexed Imaging of Biomolecules and Signals Throughout 
Neural Circuits, Cognitive and Systems Neuroscience, HHMI Science Meeting. (virtual)  
 
568. (2020) Tools for Analyzing and Controlling Complex Biological Systems, Imperial 
College Synthetic Biology Society. (virtual) 
 
569. (2020) Optical Tools for Analyzing and Repairing Complex Biological Systems, 
Photonics Webinar. 
 
570. (2020) Tools for Analyzing and Controlling the Brain, International Society for 
Neurodegenerative Diseases Conference 2020. (virtual) 
 
571. (2020) Tools for Analyzing and Controlling Brain Circuits, NIDA-NIAAA Frontiers in 
Addiction Research Mini-Convention. (virtual) 
 
 
Other non-peer-reviewed talks and conference papers 
1. Schoner, B., Cooper, C., Douglas, C., Boyden, E. S., Gershenfeld, N. (1998) Cluster 
Weighted Modeling for Time Series (How to Build a Digital Strad). Workshop on Nonlinear 
Dynamics and Statistics, Issac Newton Institute, Cambridge. 
 
2. Chen, G., Foletti, D. L., Boyden, E. S., Holz, R. W., Scheller, R. H., Tsien, R. W. (2000) 
Differential functions of Rab3A in regulating excitatory and inhibitory transmission in 
hippocampal neurons. Society for Neuroscience, Online.  
 
3. Boyden, E. S., Raymond, J. L. (2002) Induction, timecourse, and persistence of mouse 
vestibulo-ocular reflex adaptation. Society for Neuroscience, Online.  
 
4. Boyden, E. S., Chatila, T. A., Raymond, J. L. (2003) Motor memories in the vestibulo-
ocular reflex of CaMKIV knockout mice. Society for Neuroscience, Online.  
 
5. Mong, C., Cao, Y. Q., Boyden, E. S., Abbott, L. C., Tsien, R. W. (2003) Properties of 
cortical spreading depression across visual cortex in mice with spontaneous mutations in 
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P/Q-type Ca+2 channels. Society for Neuroscience, Online.  
 
6. Liao, Y. J., Boyden, E. S., Tsien, R. W. (2003) Anti-calcium channel antibody affects 
cerebellar synaptic transmission in a model of acquired channelopathy. Society for 
Neuroscience, Online. 
 
7. Liao, Y. J., Safa, P., Boyden, E. S., Tsien, R. W. (2004) Antibody-mediated altered 
cerebellar transmission. Channels, Receptors, and Synapses Meeting, Cold Spring Harbor, 
NY, April 2004. 
 
8. Kimpo, R. R., Katoh, A., Boyden, E. S., Raymond, J. L. (2004) Patterns of generalization 
constrain encoding of learned opposite changes in the vestibulo-ocular reflex. Society for 
Neuroscience, Online. 
 
9. Liao, Y. J., Safa, P., Boyden, E. S., Tsien R. W. (2004) Antibody-mediated channelopathy 
in a model of paraneoplastic cerebellar ataxia. Society for Neuroscience, Online.  
 
10. Boyden, E. S., Content-selective neural mechanisms of memory encoding. (2005) 
Catalyzing the Future, Fannie and John Hertz Foundation Symposium. 
 
11. Boyden, E. S., Zhang, F., Bamberg, E., Nagel, G., and Deisseroth, K. (2005) Millisecond-
timescale optical control of neural computation via channelrhodopsin-2. Talk, at Society For 
Neuroscience, Online. 
 
12. Zhang, F., Boyden, E. S., Deisseroth, K. (2005) Genetic and optical strategies for using 
channelrhodopsin-2 to control diverse neural functions. Society for Neuroscience, Online. 
 
13. Boyden, E. S., Safa, P., Pyle, J. L., Neogi, M., Raymond, J. L., Tsien, R. W. (2005) Gene 
expression patterns in the medial vestibular nucleus indicate the direction of motor learning in 
the vestibulo-ocular reflex. Talk, at Society for Neuroscience, Online. 
 
14. Wang H., Peca J., Qiu L., Wang D., Zhang F., Boyden E. S., Deisseroth K., Feng G., 
Augustine G. J., Hall W. C. (2006) Circuit analysis using optical stimulation in ChR2 
transgenic mice. Society for Neuroscience, Online. 
 
15. Peca, J., Wang, H., Arenkiel, B. R., Matsusaki, M., Davison, I. G., Matsusaki, K., 
Noguchi, J., Qiu, L., Wang, D., Zhang, F., Zhao, S., Berglund, K., Feliciano, C., Boyden, E. 
S., Kasai, H., Hall, W. C., Deisseroth, K., Ehlers, M. D., Augustin, G. J., Feng, G. (2007) A 
transgenic tool for controlling neuronal activity with light, Society for Neuroscience, Online. 
 
16. Han, X., and Boyden, E. S. (2007) Two-Color, Bi-Directional Optical Voltage Control of 
Genetically-Targeted Neurons, Spotlight Presentation, Computational and Systems 
Neuroscience (CoSyNe), Salt Lake City, UT, Feb 22-25, 2007. 
 
17. (Henninger, M. A.), Bernstein, J., Ko, E., Strelzoff, A., Chan, S. C. Y., Gidwaney, V., 
Stickgold, E., Tentori, A. M., McConnell, J., Rodriguez, A., Monahan, P., Talei Franzesi, G., 
Han, X., Qian, X., Boyden, E. S. (2008) A scalable toolbox for systematic, cell-specific optical 
control of entire 3-D neural circuits in the intact mammalian brain. Society for Neuroscience, 
Online. (M. A. Henninger sponsored the abstract submission, but J. Bernstein performed the 
key work.) 
 
18. Han, X., Qian, X., Bernstein, J., Zhou, H., Graybiel, A., Desimone, R., Boyden, E. S. 
(2008) Millisecond-timescale optical control of specific genetically-targeted neurons and 
neural circuits in primate cerebral cortex. Society for Neuroscience, Online. 
 
19. Han, X., Qian, X., Talei Franzesi G., Stern, P., Boyden, E. S. (2008) Molecular toolboxes 
for quantitatively precise, genetically-targeted optical control of normal and pathological 
neural network dynamics. Society for Neuroscience, Online. 
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20. Horsager, A., Liu, J.-W., Boyden, E. S., Arman, A. C., Matteo, B. C.,, Sampath, A. P., 
Hauswirth, W.W. (2009) Restoring visual function in adult rd1 mice using virally-delivered 
channelrhodopsin. Association for Research in Vision and Opthalmology, Online. 
 
21. Liu, J.-W., Horsager, A., Ding, M., Mani, S., Chiodo, V.A., Boyden, E.S., Hauswirth, W.W. 
(2009) AAV-mediated ON Bipolar Cell Targeting In The rd1 Mouse Lacking Photoreceptors. 
Association for Research in Vision and Opthalmology, Online. 
 
22. Tsien, R. W., Barrett, C. F., Safa, P., Chen, Y.-R., Boyden, E. S., Liao, Y. J. (2008) 
Genetic and Acquired Neural Diseases Involving Voltage-gated Calcium Channels. Abstract, 
Sixty-Second Annual Meeting of the Society of General Physiologists, Woods Hole, MA. 
 
23. Boyden, E. (2009) Optical neural control: towards treating neurological and psychiatric 
disorders. Talk at Photons and Neurons, Conference 7180, BiOS 2009, Photonics West 
2009, SPIE, January 2009. 
 
24. Han, X., Qian, X., Bernstein, J., Zhou, H., Graybiel, A., Desimone, R., Boyden, E.S. 
(2009) Safety and efficacy of genetically-targeted optical neuromodulation in non-human 
primates. Talk at Photons and Neurons, Conference 7180, BiOS 2009, Photonics West 2009, 
SPIE, January 2009. 
 
25. Han, X., Qian, X., Bernstein, J., Zhou, H., Graybiel, A., Desimone, R., Boyden, E.S. 
(2009) Excitatory-inhibitory network interactions during cell-specific optical cortical control. 
Talk at Photons and Neurons, Conference 7180, BiOS 2009, Photonics West 2009, SPIE, 
January 2009. 
 
26. Lang, E. V., Diamond, S. G., Flory, N., Barry, B., (Boyden, E. S.) (2008) Hypnosis and 
Empathic Communication in Medical Practice -- A Report. American Psychological 
Association Convention, Session 1264. 
 
27. Bernstein, J. G., Baratta, M. V., Ko, E. Y., Henninger, M. A. Li, M., Goosens, K., Boyden, 
E. S. (2009) Modulation of fear behavior via optical fiber arrays targeted to bilateral prefrontal 
cortex. Society for Neuroscience, Online. 
 
28. Talei Franzesi, G., Borgers, C., Qian, X., Li, M., Han, X., Kopell, N., LeBeau, F., 
Whittington, M., Boyden, E. S. (2009) Dynamical properties of gamma-frequency cell 
assemblies in the hippocampus probed with optical neural control and computational 
modeling. Society for Neuroscience, Online. 
 
29. McCarthy, M., Han, X., Boyden, E. S., Kopell, N. (2009) Striatum as a possible source of 
exaggerated beta oscillations in Parkinson’s Disease: insights from computational models. 
Society for Neuroscience, Online. 
 
30. Zorzos, A. N., Bernstein, J. G., Boyden, E.S., Fonstad, C. G. (2009) Integrated 
microstructure lightguides for ultradense optical neural control of 3-dimensional neural 
circuits. Society for Neuroscience, Online.  
 
31. Zorzos, A. N., Dietrich, A., Talei Franzesi, G., Chow, B., Han, X., Fonstad, C. G., Boyden, 
E.S. (2009) Light-proof neural recording electrodes. Society for Neuroscience, Online.  
 
32. Desai, M., Bernstein, J., Atallah, H., Kahn, I., Moore, C. I., Kopell, N., Graybiel, A., 
Boyden, E. S. (2009) Integration of optical neural control and high-field fMRI: Towards 
systematic exploration of functional neural dynamics with ‘Opto-fMRI’. Society for 
Neuroscience, Online.  
 
33. Horsager, A., Liu, J.-W., Boyden, E.S., Arman, A.C., Matteo, B.C., Sampath, A.P., 
Hauswirth, W.W. (2009) Circuit-specific expression of channelrhodopsin restores visual 
function in blind rd1, rd16, and rho -/- mice. Society for Neuroscience, Online.  
 



Edward S. Boyden, Ph. D.                                                   January 7, 2021 62

34. Shin, S.-L., Boyden, E. S., Katoh, A., Zhao, G. Q., Raymond, J.L. (2009) Adaptive timing 
is impaired in mice deficient in presynaptic LTP. Society for Neuroscience, Online.  
 
35. Chow, B.Y., Han, X., Qian, X., Li, M., Chuong, A. S., Monahan, P.E., Dobry, A.S., 
Boyden, E.S. (2009) High-efficacy, temporally-precise, in vivo neural silencing via light-driven 
proton pumping. Society for Neuroscience, Online.  
 
36. Chow, B.Y., Han, X., Qian, X., Li, M., Chuong, A. S., Monahan, P.E., Dobry, A.S., 
Boyden, E.S. (2009) Multiple-color optical silencing of distinct neural populations using novel 
classes of light-driven ion pumps. Society for Neuroscience, Online.  
 
37. Cao, R., Cardin, J., Higashikobo, B., Knoblich, U., Brumberg, J. C., Boyden, E. S., Moore, 
C. I. (2009) Testing the hemoneural hypothesis: Specific control of blood flow and functional 
two photon imaging. Society for Neuroscience, Online. 

 
38. Boyden, E. S. (2009) Optical Neural Control: Engineering Therapeutic Circuit Dynamics: 
Application to Post-Traumatic Stress Disorder, Talk 7-9, Poster P31-11, PTSD Treatment, 
Military Health Research Forum, Kansas City, MO. 
 
39. Chow, B. Y., Han, X., Klapoetke, N. C., Dobry, A. S., Desimone, R., Boyden, E. S. (2010) 
NOVEL CLASSES OF OPTICAL NEURAL CONTROL TOOLS REVEALED VIA 
SCREENING OF PHYLOGENETIC DIVERSITY, Cold Spring Harbor Meeting on Neural 
Circuits, Cold Spring Harbor, NY. 
 
40. Bernstein, J. G., Zorzos, A. N., Baratta, M. V., Ko, E. Y., Yang, A., Li, M., Talei Franzesi, 
G., Goosens, K. A., Fonstad, C. G., Boyden, E. S. (2010) Hardware for Optical Perturbation 
of 3-D Neural Circuits: Towards High-Throughput Screening of Neural Circuit Targets, Cold 
Spring Harbor Meeting on Neural Circuits, Cold Spring Harbor, NY. 

 
41. Zimmerman, C., Wasserman, S., Boyden, E. (2010) Classroom NMR System, Institute of 
Biological Engineering Annual Conference, Cambridge, MA. 
 
42. Talei Franzesi, G., Borgers, C., Qian, X., Li, M., Han, X., Kopell, N. J., Le Beau, F., 
Whittington, M.A., Boyden, E.S. (2010) Dynamical properties of gamma-frequency cell 
assemblies in the hippocampus probed with optical neural control and computational 
modeling. Collaborative Research in Computational Neuroscience (CRCNS) Meeting, Johns 
Hopkins University, Baltimore, Maryland. 
 
43. Kim, K., Baratta, M. V., Yang, A., Lee, D., Boyden, E. S., Fiorillo, C. D. (2010) Optical 
activation of dopamine neurons for 200 milliseconds is sufficient for operant reinforcement. 
Society for Neuroscience, Online. 
 
44. Chuong, A. S., Klapoetke, N. C., Chow, B. Y., Dobry, A. S., Han, X., Boyden, E. S. (2010) 
Development of next-generation optical neural silencers through directed combinatorial 
optimization. Society for Neuroscience, Online. 
 
45. Klapoetke, N., Chuong, A., Chow, B., Morimoto, T., Han, X., Boyden, E. S. (2010) Novel 
classes of optogenetic reagent derived from screening genomic and ecological diversity. 
Society for Neuroscience, Online. 
 
46. Han, X., Chow, B. Y., (Li, M.), Yang, A., Zhou, H., Rajimehr, R., Klapoetke, N., Chuong, 
A., Desimone, R., Boyden, E. S. (2010) Temporally precise optical neural silencing in the 
nonhuman primate brain. Society for Neuroscience, Online. 
 
47. Allen, B. D., Bernstein, J., Guerra, A., Talei Franzesi, G., Yang, A., Wang, V., Sternberg, 
J., Boyden, E. S. (2010) Strategies for practical use of multi-site optical neural control 
hardware in vivo. Society for Neuroscience, Online.  
 



Edward S. Boyden, Ph. D.                                                   January 7, 2021 63

48. Wentz, C., Bernstein, J., Guerra, A., Monahan, P., Simon, J., Farrell, M., Liu, Y., Boyden, 
E. S. (2010) Wireless Optical Control of Neural Circuits in Freely-Moving Animals. Society for 
Neuroscience, Online.  
 
49. Desai, M., Kahn, I., Bernstein, J., Atallah, H., Kopell, N., Buckner, R. L., Moore, C.I., 
Graybiel, A.M., Boyden, E.S. (2010) Opto-fMRI: Ultra-High Resolution Causal Circuit 
Mapping, and Application to Analysis of Network Dynamics. Society for Neuroscience. 
Online. 
 
50. Kahn, I., Knoblich, U., Desai, M., Bernstein, J., Graybiel, A.M., Boyden, E.S., Buckner, 
R.L., Moore, C.I. (2010) Opto-fMRI: Blood oxygenation level-dependent (BOLD) response is 
correlated with optically-driven pyramidal spiking activity. Society for Neuroscience. Online. 
 
51. Kodandaramaiah, S. B., Malik, S., Dergance, M. J., Forest, C. R., and Boyden, E. S. 
(2010) Design and Performance of Telescoping Micropipette Arrays for High Throughput in 
Vivo Patch Clamping, Proceedings of the 25th Annual Meeting of the American Society for 
Precision Engineering 2010, V. 50, p. 246-249, Atlanta, GA, October 31-November 4, 2010. 
 
52. Becerra, L., Brenner, G., Bishop, J., Chang, P.-C., Shin, H.-S., Boyden, E. Borsook, D. 
(2011) Opto-fMRI in awake rodents: Activation and deactivation BOLD signal induced by 
excitation and inhibition of neurons, 2011 Annual Meeting of the International Society for 
Magnetic Resonance in Medicine, Montreal, Quebec, Canada. 
 
53. Ririe, DG, Boada DM, Martin TJ, Boyden E, Eisenach JC (2011) Optical inhibition of 
neurons in whole rat dorsal root ganglion after in vivo intrathecal viral vector induced 
expression of the optically active proton pump Arch-T, American Society of 
Anesthesiologists. 
 
54. Acker, L., Hauswirth, W., Boyden, E. S., Brown, M. C. and Lee, D. J. (2011) 
Channelrhodopsin-2 gene expression in central auditory neurons: Toward an optical 
prosthesis. Abstr Assoc Res Otolaryngol 33(484). 
 
55. Borgers, C., Talei Franzesi, G., Boyden, E. S., Kopell, N. (2011) On the size of cell 
assemblies and the loss of gamma rhythms. Society for Neuroscience. Online. 
 
56. Klapoetke, N., Morimoto, T., Chuong, A., Melkonian, B., Melkonian, M., Chow, B., Wong, 
G., Boyden, E. S. (2011) Multiple-color optical excitation of distinct neural populations using 
sets of novel channelrhodopsins derived from algal genomic diversity. Society for 
Neuroscience. Online. 
 
57. Kodandaramaiah, S., Boyden, E. S., Forest, C. (2011) Automated patch clamping of 
neurons in the mammalian brain in vivo. Society for Neuroscience. Online. 
 
58. Henninger, M. A., Horstmeyer, R., Zorzos, A., Scholvin, J., Lanman, D., Raskar, R., 
Boyden, E. S. (2011) A novel concept for an implantable probe for deep-brain optical 
measurement of the activity of large populations of neurons. Society for Neuroscience. 
Online. 
 
59. Scholvin, J., Zorzos, A. N., Talei Franzesi, G., Kodandaramaiah, S., Allen, B. D., Kinney, 
J., Moore-Kochlacs, C., Singer, A. C., Wasserman, S., Wentz, C., Yamaguchi, M., Forest, C., 
Kopell, N., Fonstad, C., Boyden, E. S. (2011) High channel-count silicon neural recording 
probes for 3d characterization of optogenetically modulated neural dynamics. Society for 
Neuroscience. Online. 
 
60. Baratta, M. V., Kodandaramaiah, S., Monahan, P. E., Kim, K., Yang, A., Forest, C. R., 
Goosens, K. A., Boyden, E. S. (2011) Effects of stress on aversive learning require 
temporally precise serotonergic signaling. Society for Neuroscience. Online. 
 



Edward S. Boyden, Ph. D.                                                   January 7, 2021 64

61. Chuong, A. S., Klapoetke, N. C., Henninger, M. A., Acker, L. C., Chow, B. Y., Han, X., 
Boyden, E. S. (2011) Red-shifted optogenetic neural silencers: improvements, and in vivo 
use for inactivation of large brain volumes. Society for Neuroscience. Online. 
 
62. Ahn, M. C., Wentz, C. T., Bernstein, J., Boyden, E. S. (2011) A fully wireless toolset for 
high-throughput freely-behaving optogenetic research. Society for Neuroscience. Online. 
 
63. Zorzos, A. N., Scholvin, J., Fonstad, C. G., Boyden, E. S. (2011) A novel 3-D 
microfabricated lightguide array for optogenetic control of distributed neural circuits in the 
mammalian brain. Society for Neuroscience. Online. 
 
64. Boada, D. M., Ririe, D. G., Martin, T. J., Boyden, E., Eisenach, J. C. (2011) In Vivo 
Optical inhibition of peripheral neurons after intrathecal administration of viral vector and 
neuronal expression of the optically active proton pump Arch-T in rat. Society for 
Neuroscience. Online. 
 
65. Perea, G., Yang, A., Chow, B. Y., Boyden, E. S., Sur, M. (2011) CHANNELRHODOPSIN-
2-STIMULATED ASTROCYTES INCREASE SYNAPTIC TRANSMISSION IN VISUAL 
CORTEX. Society for Neuroscience. Online. 
 
66. Becerra, L., Brenner, G., Shin, H.-s., Bishop, J., Bartmettler, G., Wallin, D., Borsook, D., 
Boyden, E. S. (2011) OptofMRI Activation to thermal (heat) in awake rodents with and 
without optically silencing the Anterior Cingulate Cortex. Society for Neuroscience. Online. 
 
67. Madarasz, T., Roy, S. S., Boyden, E. S., LeDoux, J. E., Johansen, J. P. (2011) Making 
predictions in a complex world: mechanisms of contingency degradation in fear conditioning. 
Society for Neuroscience. Online. 
 
68. Borgers, C., Talei Franzesi, G., Boyden, E., Kopell, N. (2011) Minimal size of cell 
assemblies coordinated by gamma oscillations, 2011 Collaborative Research in 
Computational Neuroscience (CRCNS) PI Meeting, Princeton University, Princeton, NJ. 
 
69. Kodandaramaiah, S., Talei Franzesi, G., Chow, B., Boyden, E. S., Forest, C. (2011) 
Automated whole-cell patch clamp electrophysiology of neurons in vivo, 2011 Collaborative 
Research in Computational Neuroscience (CRCNS) PI Meeting, Princeton University, 
Princeton, NJ. 
 
70. Talei Franzesi, G., Klapoetke, N., Chuong, A., Morimoto, T., Melkonian, B., Melkonian, 
M., Henninger, M., Acker, L., Han, X., Chow, B., Wong, G. K., Boyden, E. (2011) Optogenetic 
reagents optimized simultaneously for high-amplitude currents, precision kinetics, and tissue-
penetrating wavelength, 2011 Collaborative Research in Computational Neuroscience 
(CRCNS) PI Meeting, Princeton University, Princeton, NJ. 
 
71. Madisen, L., Mao, T., Koch, H., Zhuo, J., Monetti, C., Hsu, T., Kidney, J., Gu, H., Mills, 
M., Boyden, E., Jones, A., Ramirez, N., Nagy, A., Svoboda, K., Han, X., Turner, E., Zeng, H. 
(2011) Cell-type manipulation of neuronal activity using Cre-responder and Cre-driver mice. 
Society for Neuroscience. Online. 
 
72. Schoner, B., Cooper, C., Douglas, C. L., Boyden, E. S., Gershenfeld, N. A. (1999) Data-
driven modeling of acoustical instruments, Journal of the Acoustic Society of America 
105(2):1328. 
 
73. Boyden, E. S., Chatila, T. A., Raymond, J. L. (2004) The contribution of inverse plasticity 
mechanisms to cerebellum-dependent learning. Talk, at Computational and Systems 
Neuroscience (CoSyNe), Cold Spring Harbor, NY, March 24-28, 2004. 
 
74. Chow B, Han X, Qian X and Boyden E (2009) High-performance halorhodopsin variants 
for improved genetically-targetable optical neural silencing. Frontiers in Systems 
Neuroscience. Conference Abstract: Computational and systems neuroscience. doi: 
10.3389/conf.neuro.10.2009.03.347 



Edward S. Boyden, Ph. D.                                                   January 7, 2021 65

 
75. Boyden E, Franzesi G T, Qian X, Li M, Han X, Borgers C, Kopell N J, Le Beau F and 
Whittington M A (2009) Probing mechanisms of gamma rhythmogenesis with cell type-
specific optical neural control. Frontiers in Systems Neuroscience. Conference Abstract: 
Computational and systems neuroscience. doi: 10.3389/conf.neuro.10.2009.03.299 
 
76. Boyden, E. S., Tsien, R. W., Chatila, T. A., Raymond, J. L. (2003) Is oppositely directed 
motor learning implemented with inverse plasticity mechanisms?, Proceedings of the Annual 
Symposium on Advances in Computational Motor Control, Volume 2, Emanuel Todorov and 
Reza Shadmehr, editors, New Orleans, Louisiana. 
 
77. Perea, G., Yang, A., Chow, B. Y., Boyden, E. S., Sur, M. (2012) CHANNELRHODOPSIN-
2-STIMULATED ASTROCYTES INCREASE SYNAPTIC TRANSMISSION IN VISUAL 
CORTEX. FENS. Online. 
 
78. S.B. Kodandaramaiah , A.S. Chuong, M. Ogawa , N. Klapoetke , M.V. Baratta, L.C. 
Acker, P.E. Monahan , F. Yoshida , E.S. Boyden , and C.R. Forest, Integration of automated 
patch clamp electrophysiology system with optogenetics for cell type identification in vivo, 
Proceedings of the Biomedical Engineering Society (BMES) 2012 Annual Meeting, Atlanta, 
GA, October 24-27, 2012. 
 
79. Lee, S.-H., Kwan, A., Phoumthipphavong, V., Zhang, S., Flannery, J., Masmanidis, S., 
Taniguchi, H., Huang, H., Boyden, E., Deisseroth, K., Dan, Y. (2012) Activation of Specific 
Interneurons Improves V1 Feature Selectivity and Visual Perception, CoSyNE, Salt Lake 
City, UT. 
 
80. Levine-Small, N., Guebeli, R.J. , Goddard, M. , Yang, A., Chuong, A.S. , Chow, B., 
Boyden, E.S., Weber, W., Egert , U. (2012) Astrocytes Drive Neural Network Synchrony, 8th 
International Meeting on Substrate-Integrated Microelectrode Arrays. July 11-13, 2012. 
Reutlingen, Germany. 
 
81. Levine-Small, N., Guebeli, R.J. , Goddard, M. , Yang, A., Chuong, A.S. , Chow, B., 
Boyden, E.S., Weber, W., Egert , U. (2012) ASTROCYTES MODULATE THE BEHAVIOR 
OF NEURAL NETWORKS, Poster , 8th FENS Forum of Neuroscience. 18 July 2012. 
Barcelona, Spain. 
 
82. Kodandaramaiah, S., Talei Franzesi, G., Klapoetke, N., Chow, B., Boyden, E., Forest, C. 
(2012) New tools for the mechanistic dissection of neural networks: a robotic system for 
automated whole-cell patch clamping in vivo and optimized molecular reagents for multi-
pathway optogenetic control. 2012 Collaborative Research in Computational Neuroscience 
(CRCNS) PI Meeting, Princeton University, Princeton, NJ. 
 
83. Acker, L., Pino, E., Zorzos, A., Henninger, M., Desimone, R., Boyden, E. S. (2012) In vivo 
measurements of light propagation and brain heating: implications for optogenetics. Society 
for Neuroscience. Online. 
 
84. Bandler, R. C., Allen, B. D., Turza, A., Boyden, E. S. (2012) Non-invasive, 3-D localization 
of optogenetic probes in the brain with near-micron scale resolution. Society for Neuroscience. 
Online. 
 
85. Chuong, A. S., Miri, M., Acker, L., Klapoetke, N., Chow, B., Han, X., Cardin, J., Boyden, 
E. S. (2012) Long-distance optogenetic silencing of neural activity in the mammalian brain in 
vivo. Society for Neuroscience. Online. 
 
86. Kinney, J. P., Wentz, C., Arfin, S., Bernstein, J., Scholvin, J., Moore-Kochlacs, Kopell, N., 
Boyden, E. S. (2012) Hardware and software architectures for supporting scalable 
electrophysiological signal amplification, acquisition, storage, and analysis. Society for 
Neuroscience. Online. 
 



Edward S. Boyden, Ph. D.                                                   January 7, 2021 66

87. Klapoetke, N., Birdsey-Benson, A., Murata, A., Morimoto, T., Yoshida, F., Chuong, A., 
Chow, B., Melkonian, B., Melkonian, M., Constantine-Paton, M., Wong, G., Boyden, E. S. 
(2012) Independent two-color optogenetic excitation of neural populations in mouse cortical 
slices. Society for Neuroscience. Online. 
 
88. Kodandaramaiah, S. B., Wickersham, I., Bates, S. R., Chuong, A. S., Ogawa, M., Baratta, 
M. V., Klapoetke, N., Holst, G., Acker, L. C., Yoshida, F., Monahan, P. E., Forest, C.R., 
Boyden, E. S. (2012) Autopatcher application to single cell RNA analysis and optogenetic cell 
type identification. Society for Neuroscience. Online. 
 
89. Kodandaramaiah, S. B., Holst, G., Talei Franzesi, G., Singer, A., Wickersham, I., Han, X., 
Boyden, E. S., Forest, C. R. (2012) The Multipatcher: a robot for automated, simultaneous 
whole-cell patch-clamping of multiple neurons in vivo. Society for Neuroscience. Online. 
 
90. Moore-Kochlacs, C., Kinney, J. P., Bernstein, J. G., Arfin, S. K., Scholvin, J., Kopell, N., 
Boyden, E. S. (2012) Spike sorting for spatially dense high channel count extracellular 
recordings. Society for Neuroscience. Online. 
 
91. Scholvin, J., Arfin, S. K., Bernstein, J., Kinney, J., Moore-Kochlacs, C., Zorzos, A. N., 
Kopell, N., Fonstad, C. G., Boyden, E. S. (2012) Scalable 3-d microelectrode recording 
architectures for characterization of optogenetically modulated neural dynamics. Society for 
Neuroscience. Online. 
 
92. Zorzos, A. N., Monahan, P. E., Scholvin, J., Acker, L., Fonstad, C.G., Boyden, E. S. 
(2012) In vivo optogenetic neural circuit control using 3-D microfabricated optical waveguide 
arrays. Society for Neuroscience. Online. 
 
93. Hochbaum, D.R., Klapoetke, N., Boyden, E., Cohen, A. E. (2012) Optopatch - all-optical 
electrophysiology. Society for Neuroscience. Online. 
 
94. Perea, G., Yang, A., Chow, B. Y., Boyden, E. S., Sur, M. (2012) Channelrhodopsin-2 
stimulated astrocytes modulate synaptic information processing in visual cortex. Society for 
Neuroscience. Online. 
 
95. Cavanaugh, J., Monosov, I. E., McAlonan K., Berman, R. A., Smith, M. K., Cao, V., 
Wang, K. H., Boyden, E. S., Wurtz, R. H. (2012) Optogenetic modification of monkey 
behavior. Society for Neuroscience. Online. 
 
96. Klein, C., Evrard, H., Power, A., Monosov, I., Boyden, E. S., Logothetis, N., Schmid, M. 
C. (2012) Optogenetics in the macaque thalamus. Society for Neuroscience. Online. 
 
97. Gerits, A., Farivar, R., Rosen, B. R., Wald, L. L., Boyden, E. S., Vanduffel, W. (2012) 
Optogenetically-induced behavioral and functional network changes in primates. Society for 
Neuroscience. Online. 
 
98. Madarasz, T., Boyden, E. S., Ledoux, J. E., Johansen, J. P. (2012) Temporally specific 
optogenetic inactivation of lateral amygdala pyramidal neurons reverses the effects of 
contingency degradation on fear learning. Society for Neuroscience. Online. 
 
99. Darrow, K., Slama, M., Kempfle, J., Boyden, E., Polley, D., Brown, M. C., Lee, D. (2013) 
A Comparison of Electrical and Optical Activation of Midbrain and Cortical Pathways in Mice 
Expressing Channelrhodopsin-2 in the Cochlear Nucleus, Association for Research in 
Otolaryngology Abstracts, Bethesda, MD. 
 
100. Gurkan, U.A., Erkmen, B., Urkac, E.S., Bernstein, J., Boyden, E.S., Demirci, U. (2013) 
Microfabrication of digitally specified, spatially heterogeneous, engineered tissue 
architectures, European Chapter Meeting of the Tissue Engineering and Regenerative 
Medicine International Society (TERMIS-EU 2013), Istanbul, Turkey. 
 



Edward S. Boyden, Ph. D.                                                   January 7, 2021 67

101. Talei Franzesi, G., Singer, A., Kodandaramaiah, S.B., Wickersham, I.R., Sharma, S., 
Batir, S., Pak, N., Holst, G., Forest, C.R., Kopell, N.J., Boyden, E.S. (2013) Awake 
Autopatching: Automatic whole cell patch clamp of hippocampal neurons in awake behaving 
animals, CRCNS PI Meeting, MIT, Cambridge, MA. 
 
102. Moore-Kochlacs, C., Kinney, J., Bernstein, J., Scholvin, J., Yoon, Y-G., Arfin, S., Kopell, 
N., Boyden, E. (2013) Spike sorting for spatially dense, high channel count extracellular 
recordings, CRCNS PI Meeting, MIT, Cambridge, MA. 
 
103. Talei Franzesi, G., Singer, A., Kodandaramaiah, S.B., Wickersham, I.R., Sharma, S., 
Batir, S., Pak, N., Holst, G., Forest, C.R., Kopell, N.J., Boyden, E.S. (2013) Awake 
autopatching: automatic whole-cell patch clamping of neurons in awake behaving animals, 
Cognitive Rhythms Collaborative Rhythmic Dynamics and Cognition meeting, MIT, 
Cambridge, MA. 
 
104. Moore-Kochlacs, C., Kinney, J., Bernstein, J., Scholvin, J., Yoon, Y-G., Arfin, S., Kopell, 
N., Boyden, E. (2013) Spike sorting for spatially dense, high channel count extracellular 
recordings, Cognitive Rhythms Collaborative Rhythmic Dynamics and Cognition meeting, 
MIT, Cambridge, MA. 
 
105. Cho, Y., Chen, F., Chuong, A. S., Klapoetke, N. C., Boyden, E. S. (2013) Engineering 
light-activated proteins to control biological processes in the brain, American Institute of 
Chemical Engineers Annual Meeting. 
 
106. F. J. Flores, S. Kodandaramaiah, I. Wickersham, C. Forest, E. N. Brown, E. S. Boyden. 
Multiple whole-cell patch clamp to study state transitions in the awake mouse. IX Annual 
meeting of the Chilean Society of Neuroscience & VIII IberoAmerican Congress of 
Biophysics, Valparaiso, Chile, Oct 1-4, 2013.  
 
107. Guo, W., Chen, J. X., Hight, A. E., Klapoetke, N., Shinn-Cunningham, B. G., Boyden, E. 
S., Lee, D. J., Polley, D. B. (2013) Hearing the light: a behavioral and neurophysiological 
comparison of two optogenetic strategies for direct excitation of the central auditory 
pathways, Advances and Perspectives in Auditory Neurophysiology, San Diego, CA. 
 
108. Chen, J. X., Guo, W., Klapoetke, N., Shinn-Cunningham, B. G., Boyden, E. S., Polley, 
D. B., Lee, D. J. (2014) Hearing the light: a behavioral and neurophysiological comparison of 
two optogenetic strategies for direct excitation of central auditory pathways, Association for 
Research in Otolaryngology Annual Meeting. 
 
109. Boyden, E. S. (2013) Tools for Mapping Brain Computations, NIH High-Risk-High-
Reward Symposium, Washington, DC. 
 
110. J.-M. ZHUO, M. M. DESAI, K. GUERRA, A.MOHAMMED, N. T. M. ROBINSON, X. GU, 
M. E. BUCKLIN, B. D. ALLEN, J. G. BERNSTEIN, M. P. ELAM, K.-L. T. LE, A. JASANOFF, 
E. S. BOYDEN, X. HAN (2013) Adult-born dentate gyrus neurons are required for online 
processing in a spatial discrimination task. Society for Neuroscience. Online. 
 
111. H. F. KIM, M. YASUDA, E. S. BOYDEN, O. HIKOSAKA (2013) Optogenetic inhibition of 
the primate nigrocollicular connection and its effects on saccadic eye movements. Society for 
Neuroscience. Online. 
 
112. A. AFRAZ, E. S. BOYDEN, J. J. DICARLO (2013) Optogenetic suppression of “face 
neurons” reveals their causal role in face discrimination behavior. Society for Neuroscience. 
Online. 
 
113. I. FUKUNAGA, J. T. HERB, M. KOLLO, E. S. BOYDEN, A. T. SCHAEFER (2013) 
Glomerular and granule layer inhibition govern olfactory bulb output on distinct timescales. 
Society for Neuroscience. Online. 
 



Edward S. Boyden, Ph. D.                                                   January 7, 2021 68

114. G. PEREA, A. YANG, E. S. BOYDEN, M. SUR (2013) Astrocytes regulate synaptic 
information in visual cortex. Society for Neuroscience. Online. 
 
115. T. TSUNEMATSU, S. TABUCHI, E. S. BOYDEN, K. F. TANAKA, A. YAMANAKA (2013) 
Long-lasting silencing of orexin/hypocretin neurons using archaerhodopsin induces slow-
wave sleep in mice. Society for Neuroscience. Online. 
 
116. L. LI, B. OULLETTE, A. CHENG, B. TASIC, T. NGUYEN, S. SORENSEN, E. BOYDEN, 
C. FOREST, H. ZENG (2013) An automatic approach to manipulate genetic contents of 
single neurons In vivo. Society for Neuroscience. Online. 
 
117. L. ACKER, E. PINO, S. ALVAREZ, J. MOONEY, N. BICHOT, H. ZHOU, A. CHUONG, 
E. BOYDEN, R. DESIMONE (2013) Saccade errors increase with optogenetic inactivation of 
primate FEF. Society for Neuroscience. Online. 
 
118. A. N. ZORZOS, T. J. BUSCHMAN, P. E. MONAHAN, J. SCHOLVIN, C. FONSTAD, E. 
S. BOYDEN (2013) Probing interactions between distinct cortical microcircuits through 
spatiotemporally patterned 3-D optogenetics. Society for Neuroscience. Online. 
 
119. W. STOY, C. SHEPHARD, I. KOLB, G. HOLST, S. KODANDARAMAIAH, D. 
OLLERENSHAW, D. MILLARD, E. BOYDEN, G. STANLEY, C. FOREST (2013) Multiple, In 
vivo patch clamp recordings along the mouse vibrissae pathway. Society for Neuroscience. 
Online. 
 
120. C. MOORE-KOCHLACS, J. SCHOLVIN, J. P. KINNEY, J. G. BERNSTEIN, Y. G. 
YOON, S. K. ARFIN, N. KOPELL, E. S. BOYDEN (2013) Principles of high–fidelity, high–
density 3–d neural recording. Society for Neuroscience. Online. 
 
121. N. PAK, J. P. KINNEY, E. S. BOYDEN (2013) Automation of brain surgery: Towards 
automation of In vivo neuroscience. Society for Neuroscience. Online. 
 
122. A. C. SINGER, G. T. FRANZESI, S. B. KODANDARAMAIAH, I.R. WICKERSHAM, S. 
SHARMA, S. BATIR, N. PAK, G. HOLST, C. R. FOREST, N. J. KOPELL, E. S. BOYDEN 
(2013) Awake Autopatching: Automatic whole cell patch clamp of hippocampal neurons in 
awake behaving animals. Society for Neuroscience. Online. 
 
123. A. S. CHUONG, N. C. KLAPOETKE, M. L. MIRI, V. BUSSKAMP, Y. MURATA, B. 
ROSKA, J. A. CARDIN, M. CONSTANTINE-PATON, E. S. BOYDEN (2013) Principles of 
spectrally optimized channelrhodopsin and halorhodopsin in circuit analysis. Society for 
Neuroscience. Online. 
 
124. S. B. KODANDARAMAIAH, F. J. FLORES, I. R. WICKERSHAM, G. L. HOLST, E. N. 
BROWN, C. R. FOREST, E. S. BOYDEN (2013) The Multipatcher: A robot for high-density 
measurement of intracellular dynamics In vivo. Society for Neuroscience. Online. 
 
125. V. M. BAJO-LORENZANA, C. KORN, K. REYNOLDS, E. S. BOYDEN, F. R. NODAL, A. 
J. KING (2013) Behavioural and neural effects of silencing the auditory cortex in adult ferrets 
using optogenetics. Society for Neuroscience. Online. 
 
126. Y. K. CHO, F. CHEN, A. S. CHUONG, N. C. KLAPOETKE, E. S. BOYDEN (2013) 
Multidimensional optimization of optogenetic tools via systematic physiological screening. 
Society for Neuroscience. Online. 
 
127. D. SCHMIDT, P. W. TILLBERG, F. CHEN, E. S. BOYDEN (2013) Fully genetically 
encoded tools for optical control of endogenous ion channels. Society for Neuroscience. 
Online. 
 
128. G. HOLST, S. KODANDARAMIAH, C. R. PHANEUF, W. STOY, I. KOLB, I. 
WICKERSHAM, N. KILLIAN, E. A. BUFFALO, E. S. BOYDEN, C. R. FOREST (2013) 



Edward S. Boyden, Ph. D.                                                   January 7, 2021 69

Miniaturized actuation system for automated, in vivo, patch clamp recording. Society for 
Neuroscience. Online. 
 
129. J. GO, G. HOLST, A. FAN, C. LU, S. KODANDARAMIAH, C. R. 
PHANEUF, W. STOY, I. KOLB, I. WICKERSHAM, E. S. BOYDEN, C. FOREST (2013) 
Pipette replacement robot to fully automate sequential patch clamp recordings in vivo. 
Society for Neuroscience. Online. 
 
130. B. D. ALLEN, J. G. BERNSTEIN, A. TURZA, A. YANG, E. S. BOYDEN (2013) Briefly 
silencing the dentate gyrus during recall of emotionally salient memory: Behavioral time 
dynamics. Society for Neuroscience. Online. 
 
131. Guven, S., Boyden, E. S., Demirci, U. (2014) 3-D In Vitro Neural Circuits from 
Pluripotent Stem Cells, TERMIS-EU. 
 
132. Caroline Moore-Kochlacs, Jorg Scholvin, Justin P. Kinney, Jacob G. Bernstein, Young 
Gyu Yoon, Scott K. Arfin, Nancy Kopell, Edward S. Boyden (2014) Principles of high–fidelity, 
high–density 3–d neural recording, CNS*2014.  
 
133. Ilya Kolb, Gregory L. Holst, Suhasa B. Kodandaramaiah, William Stoy, Edward S. 
Boyden, Craig R. Forest (2014) LINEAR MICRO-ACTUATION SYSTEM FOR PATCH-
CLAMP RECORDING, ASPE. 
 
134. C. Moore-Kochlacs, J. Scholvin, J. P. Kinney, J. G. Bernstein, Y. G. Yoon, S. K. Arfin, N. 
Kopell, and E. S. Boyden (2014) Principles of High Fidelity, High Density 3D Neural 
Recording, BMES. 
 
135. S. Kodandaramaiah, F. Flores, G. Holst, I. Wickersham, E. Brown, C. Forest, and E. 
Boyden (2014) The Multipatcher: A Robot for High Density Measurement of Intracellular 
Recordings In Vivo, BMES. 
 
136. Rowlands, C., Xue, Y., So, P.T.C., Boyden, E.S. (2014) Mapping the mouse 
connectome in less than a year using super-resolution microscopy, Gordon Conference on 
Lasers in Medicine and Biology, Holderness, NH. 
 
137. Francisco J. Flores, Suhasa B. Kodandaramaiah, Ian R. Wickersham, Gregory Holst, 
Giovanni Talei-Franzesi, Annabelle S. Singer, Nancy Kopell, Christoph Borgers, Craig 
Forest, Emery N. Brown, Edward S. Boyden (2014) Effects of general anesthetics on 
somatosensory cortical neurons. CRCNS, 2014. 
 
138. Giovanni Talei Franzesi, Annabelle C. Singer, Suhasa B. Kodandaramaiah, Ian R. 
Wickersham, Melina Tsitsiklis, Denis Bozic, Sunanda Sharma, Sean Batir, Nikita Pak, Greg 
Holst, Dmitriy Aronov, David Tank, Nancy J. Kopell, Christoph Borgers, Edward S. Boyden 
(2014) Beyond the single cycle: increased conductance as a key mechanism throughout the 
theta state, CRCNS, 2014. 
 
139. Guo, S.-M., Veneziano, R., McConnell, R.E., Agasti, S., Gordonov, S., Kulesa, T., 
Gertler, F.B., Blainey, P., Boyden, E.S., Yin, P., Bathe, M. (2015) Quantitative multiplexed 
super-resolution neuronal synapse imaging using DNA-PAINT, Biophysical Society Meeting. 
 
140. Singer, A., Talei Franzesi, G., Kodandaramaiah, S., Flores, F., Forest, C., Kopell, N., 
Boyden, E. (2015) Interaction of Slow Network Integration and Fast Neural Integration 
Towards Spike Generation, COSYNE 2015. Submitted. 
 
141. Talei Franzesi, G., Singer, A., Kolb, I., Kodandaramaiah, S., Flores, F., Forest, C., 
Kopell, N., Boyden, E.S. (2014) Systematic Analysis of the Timescales of Neural Network 
Dynamics in the Awake Brain, COSYNE2015. Submitted. 
 
142. Desimone, R., Boyden, E., Edelman, E. (2014) Vascular interfaces for brain imaging 
and stimulation, NIH BRAIN Initiative Investigators’ Kickoff Meeting, Bethesda, MD. 



Edward S. Boyden, Ph. D.                                                   January 7, 2021 70

 
143. Boyden, E.S., Yin, P., Bathe., M. (2014) Ultra-multiplexed nanoscale in situ proteomics 
for understanding synapse types, NIH BRAIN Initiative Investigators’ Kickoff Meeting, 
Bethesda, MD. 
 
144. Ganjawala, T., Lu, Q., Bi, A., Boyden, E.S., Pan, Z.-H. (2015) Evaluation and 
Optimization of A Highly Light-Sensitive Channelrhodopsin CoChR for Vision Restoration, 
ARVO. 
 
145. N. T. ROBINSON, J. W. RUECKEMANN, J. B. PRIESTLEY, A. D. GARCIA, V. A. 
SMEGLIN, A. CHUONG, E. BOYDEN, H. B. EICHENBAUM (2014) Investigating the role of 
the medial entorhinal cortex in the hippocampal encoding of time and space for memory 
function. Society for Neuroscience. Online. 
 
146. M. V. BARATTA, J. YAO, M. D. WEBER, B. GISABELLA, P. E. MONAHAN, N. 
PETROSSIAN, E. S. BOYDEN, K. A. GOOSENS (2014) Stress enables serotonergic tuning 
of fear memory consolidation. Society for Neuroscience. Online. 
 
147. L. MADISEN, A. GARNER, A. CHUONG, N. KLAPOETKE, L. LI, A. CHENG, B. TASIC, 
H. GU, M. MILLS, T. NGUYEN, T. KNÖPFEL, E. BOYDEN, R. C. REID, H. ZENG (2014) 
High level expression of genetic tools with improved cell type specificity. Society for 
Neuroscience. Online. 
 
148. H. SOHAL, F. YOSHIDA, N. P. BICHOT, K. PAYER, G. RIGGOT, E. S. BOYDEN, R. 
DESIMONE (2014) The sinusoidal probe- towards translation in the non-human primate. 
Society for Neuroscience. Online. 
 
149. M. A. HENNINGER, Y.-G. YOON, J. DEGUCHI, J. SCHOLVIN, A. ZORZOS, R. 
HORSTMEYER, R. RASKAR, E. S. BOYDEN, III (2014) Imaging from the inside out: A 
design of an implantable probe for imaging of single-cell physiological dynamics in deep brain 
tissue at large scales. Society for Neuroscience. Online. 
 
150. S. S. KIM, S. R. PULVER, D. B. TURNER-EVANS, H. HABERKERN, R. 
FRANCONVILLE, A. S. CHUONG, N. C. KLAPOETKE, E. S. BOYDEN, V. JAYARAMAN 
(2014) Red-shifted optogenetic neural manipulation in Drosophila melanogaster. Society for 
Neuroscience. Online. 
 
151. J. P. KINNEY, J. BERNSTEIN, J. SCHOLVIN, C. MOORE-KOCHLACS, N. KOPELL, E. 
BOYDEN (2014) In vivo experimental testing of scalable 3-d microfabricated electrode array 
neural recording in mammalian brain. Society for Neuroscience. Online. 
 
152. C. LINGHU, A. N. ZORZOS, G. T. FRANZESI, H. S. SOHAL, C. T. WENTZ, N. 
GROSSMAN, P. BLINDER, E. S. BOYDEN (2014) Mechanical and geometric principles of 
interfacing to the nervous system via the vasculature. Society for Neuroscience. Online. 
 
153. A. H. MARBLESTONE, B. ZAMFT, Y. MAGUIRE, M. SHAPIRO, T. CYBULSKI, J. 
GLASER, D. AMODEI, B. STRANGES, R. KALHOR, D. DALRYMPLE, D. SEO, E. ALON, M. 
MAHARBIZ, J. RABAEY, J. CARMENA, E. S. BOYDEN, G. CHURCH, K. KORDING (2014) 
Physical principles for brain activity mapping. Society for Neuroscience. Online.  
 
154. A. C. SINGER, G. TALEI FRANZESI, S. B. KODANDARAMAIAH, M. TSITSIKLIS, S. 
SHARMA, D. BOZIC, S. BATIR, I. R. WICKERSHAM, G. L. HOLST, C. R. FOREST, C. 
BÖRGERS, N. J. KOPELL, E. S. BOYDEN (2014) Time course of subthreshold activity 
preceding spike generation in awake behaving mouse hippocampus. Society for 
Neuroscience. Online. 
 
155. E. RONZITTI, R. CONTI, N. KLAPOETKE, A. J. FOUST, E. PAPAGIAKOUMOU, E. S. 
BOYDEN, V. EMILIANI (2014) Next-generation multiphoton optogenetic control via opsin 
engineering and computer generated holography. Society for Neuroscience. Online. 
 



Edward S. Boyden, Ph. D.                                                   January 7, 2021 71

156. A. E. HIGHT, W. GUO, J. X. CHEN, N. C. KLAPOETKE, B. G. SHINN-CUNNINGHAM, 
E. S. BOYDEN, D. J. LEE, D. B. POLLEY, (2014) Hearing the light: Perceptual and 
neurophysiological encoding of optogenetic stimulation delivered to the auditory midbrain. 
Society for Neuroscience. Online. 
 
157. A. YANG, Y. K. CHO, E. S. BOYDEN (2014) Optogenetic tool operation with 
extracellular vs. intracellular ionic sources. Society for Neuroscience. Online. 
 
158. F. CHEN, P. W. TILLBERG, E. S. BOYDEN (2014) Super-resolution microscopy across 
arbitrary scales. Society for Neuroscience. Online. 
 
159. Y. YOON, R. PREVEDEL, M. HOFFMANN, N. PAK, G. WETZSTEIN, S. KATO, T. 
SCHRÖDEL, R. RASKAR, M. ZIMMER, E. S. BOYDEN, A. VAZIRI, (2014) Simultaneous 
whole-animal D-imaging of neuronal activity using light-field microscopy. Society for 
Neuroscience. Online. 
 
160. L. ACKER, E. BOYDEN, R. DESIMONE (2014) Optogenetic inactivation of the frontal 
eye field (FEF) increases error rates during all epochs of the memory-guided saccade task. 
Society for Neuroscience. Online. 
 
161. G. TALEI FRANZESI, A. SINGER, I. KOLB, S. SHARMA, S. KODANDARAMAIAH, M. 
TSITSIKLIS, I. WICKERSHAM, G. HOLST, D. BOZIC, S. BATIR, C. FOREST, C. 
BORGERS, N. KOPELL, E. S. BOYDEN (2014) Automated exploration of intracellular 
mechanisms of in vivo neural computation. Society for Neuroscience. Online. 
 
162. S. B. KODANDARAMAIAH, F. J. FLORES, G. TALEI FRANZESI, A. C. SINGER, G. 
HOLST, I. R. WICKERSHAM, C. BORGERS, N. J. KOPELL0, C. R. FOREST, E. N. 
BROWN, E. S. BOYDEN, (2014) Automated multiple-cell patch clamp assessment of 
multineuron subthreshold dynamics in waking and anesthetized states. Society for 
Neuroscience. Online. 
 
163. A. A. CHUBYKIN, I. KOLB, B. M. CALLAHAN, G. HOLST, W. STOY, C. R. FOREST, E. 
S. BOYDEN, M. F. BEAR (2014) Automated image-guided whole-cell patch clamp 
technology for mapping functional neuronal circuitry. Society for Neuroscience. Online. 
 
164. G. HOLST, S. B. KODANDARAMAIAH, I. KOLB, W. STOY, I. WICKERSHAM, A. 
SINGER, L. LI, E. S. BOYDEN, H. ZENG, C. R. FOREST (2014) High-throughput fully-
automated patch clamp robot for in-vivo electrophysiology and morphology. Society for 
Neuroscience. Online. 
 
165. A. MARBLESTONE, D. AMODEI, G. CHURCH, L. WOOD, E. S. BOYDEN (2014) An 
architecture for neural recording using optical time-domain reflectometry. Society for 
Neuroscience. Online. 
 
166. I. FUKUNAGA, J. T. HERB, M. KOLLO, E. S. BOYDEN, A. T. SCHAEFER (2014) 
Independent control of gamma and theta activity by distinct interneuron networks in the 
olfactory bulb. Society for Neuroscience. Online. 
 
167. W. R. STAUFFER, A. LAK, A. YANG, M. BOREL, O. PAULSEN, E. BOYDEN, W. 
SCHULTZ (2014) Monkey choice behavior is biased by phasic stimulation of 
channelrhodopsin expressing dopamine neurons. Society for Neuroscience. Online. 
 
168. J.-M. ZHUO, M. DESAI, M. E. BUCKLIN, K. GURREA, N. T. M. ROBINSON, B. D. 
ALLEN, J. G. BERNSTEIN, M. P. ELAM, K.-L. T. LE, H. ZENG, E. S. BOYDEN, A. 
JASANOFF, X. HAN (2014) Neural network contribution of adult neurogenesis on pattern 
separation behavior. Society for Neuroscience. Online. 
 
169. Christopher J. Rowlands, Edward S. Boyden, Peter T. C. So (2015) High-throughput 
super-resolution imaging for mapping the whole mouse brain, Advanced Microscopy 
Techniques IV, SPIE European Conference on Biomedical Optics. 



Edward S. Boyden, Ph. D.                                                   January 7, 2021 72

 
170. Alexandra M. de Paz, Thaddeus R. Cybulski, Edward S. Boyden, George M. Church, 
Konrad P. Kording, Keith E.J. Tyo (2014) Developing a DNA Polymerase-Based Biosensor 
for Neural Recording, AIChE. 
 
171. Alexandra M. de Paz, Thaddeus R. Cybulski, Edward S. Boyden, George M. Church, 
Konrad P. Kording, Keith E.J. Tyo (2015) Developing a DNA Polymerase-Based Biosensor 
for Neural Recording, Synthetic Biology: Engineering, Evolution and Design 2015 
 
172. Spencer T. Glantz, Eric J. Carpenter, Michael Melkonian, Edward S. Boyden, Gane K-S. 
Wong and Brian Y. Chow (2015) Comprehensive Analysis of the Functional Diversity of LOV 
Domain Proteins, Keystone Symposium on Optogenetics. 
 
173. Edward Hight A, Kozin ED, Darrow K, Lehmann A, Boyden E, Brown MC, Lee DJ (2015) 
Optogenetic Technology Provides Spatiotemporal Resolution Sufficient for an Optically-
based Auditory Neuroprosthesis, CIAP 2015. 
 
174. Jae-Byum Chang, Fei Chen, Erica Jung, Hazen Babcock, Xiaowei Zhuang, Edward 
Boyden (2015) Next-generation expansion microscopy, 14th Conference on Methods and 
Applications of Fluorescence, Wurzburg, Germany. 
 
175. Ronzitti E., Conti R., Zampini V., Klapoetke N., Tanese D., Foust A.J., Chaigneau E. , 
Papagiakoumou E., Boyden E. and Emiliani V. (2015) Two-photon patterned photoactivation 
of efficiency-enhanced opsin. SfN Satellite: Engineering the Brain, Neuron Symposium, 
Chicago, IL. 
 
176. Syuan-Ming Guo, Simon Gordonov, Remi Veneziano, Tony Kulesa, Demian Park, Paul 
Blainey, Ed Boyden, Mark Bathe (2015) Multiplexed super-resolution neuronal synapse 
imaging using PAINT. SfN Satellite: Engineering the Brain, Neuron Symposium, Chicago, IL. 
 
177. Stauffer, W.R., Lak, A., Yang, A., Boyden, E., Schultz, W. (2015) Cell-type specific 
optogenetic stimulation of dopamine neurons modulates monkey behavior. SfN Satellite: 
Engineering the Brain, Neuron Symposium, Chicago, IL. 
 
178. Katarzyna Adamala, Daniel A. Martin-Alarcon, Edward S. Boyden (2015) A modular 
protein architecture for generalized RNA targeting: development and application to RNA 
monitoring, control, and protein scaffolding, Gordon Research Conference on Synthetic 
Biology, Newry, Maine. 
 
179. Katarzyna Adamala, Daniel A. Martin-Alarcon, Edward S. Boyden (2015) A modular 
protein architecture for generalized RNA targeting: development and application to RNA 
monitoring, control, and protein scaffolding, SEED (Synthetic Biology, Evolution, Engineering, 
and Design), Boston, MA. 
 
180. Christopher J. Rowlands, Demian Park, Kiryl Piatkevich, Oliver T. Bruns, Moungi G. 
Bawendi, Edward S. Boyden, Peter T. C. So (2015) Widefield three-photon excitation: 
excitation of quantum dots and optogenetic opsins using 1300nm excitation, Multiphoton 
Microscopy in the Biomedical Sciences XVI, SPIE, Photonics West BIOS. 
 
181. Deniz C. Aksel, Suhasa B. Kodandaramaiah, Aimei C. Yang, Annabelle C. Singer, 
Giovanni T. Franzesi, Edward S. Boyden (2015) An Image-Guided Platform for Automated 
Whole-Cell Patch Clamping of Cells in Culture, BMES, Tampa, FL. 
 
182. G. HOLST, W. A. STOY, I. KOLB, L. LI, U. KNOBLICH, S. B. KODANDARAMAIAH, S. 
A. SORENSON, H. GILL, T. JARSKY, J. WATERS, A. C. SINGER, B. YANG, G. T. 
FRANZESI, E. S. BOYDEN, H. ZENG, C. R. FOREST (2015) Progress towards high 
throughput, in vivo cell-type identification using coupled electrophysiological and 
morphological properties. Society for Neuroscience. Online. 
 



Edward S. Boyden, Ph. D.                                                   January 7, 2021 73

183. G. TALEI FRANZESI, A. C. SINGER, S. B. KODANDARAMAIAH, E. WU, B. 
ARKHURST, C. R. FOREST, C. BORGERS, N. J. KOPELL, E. S. BOYDEN (2015) 
Oscillatory modulation of action potential firing in hippocampal neurons of awake mice via 
periodic shunting inhibition. Society for Neuroscience. Online. 
 
184. H.-J. SUK, I. VAN WELIE, C. FOREST, E. BOYDEN (2015) Automated two-photon 
guided patch-clamp electrophysiology In vivo. Society for Neuroscience. Online. 
 
185. S. G. RODRIQUES, A. H. MARBLESTONE, E. S. BOYDEN (2015) Optical reflectometry 
with capacitive signal enhancement for multiplexed neural recording. Society for 
Neuroscience. Online. 
 
186. T. CYBULSKI, E. BOYDEN, G. CHURCH, K. TYO, K. KORDING (2015) Inference of 
neural signals from a proposed dual-polymerase error-encoded recording system. Society for 
Neuroscience. Online. 
 
187. E. D. KARAGIANNIS, A. H. MARBLESTONE, E. S. BOYDEN (2015) Expansion 
microscopy of lipids for scalable morphological analysis of neurons and neural circuits. 
 
188. Y.-G. YOON, N. PAK, L. FREIFELD, M. A. HENNINGER, J. DEGUCHI, N. SAVIDIS, E. 
S. BOYDEN (2015) Sparse reconstruction light-field microscopy for high-resolution 3d-
imaging of neuronal activity. Society for Neuroscience. Online. 
 
189. F. CHEN, A. T. WASSIE, S. ALON, E. S. BOYDEN (2015) Nanoscale resolution, 
multiplexed, biomolecular imaging of brain circuits via expansion microscopy. Society for 
Neuroscience. Online. 
 
190. L. FREIFELD, O. RANDLETT, I. ODSTRCIL, D. MARTIN-ALARCON, J. GAGNON, A. 
SCHIER, F. ENGERT, E. BOYDEN (2015) Expansion microscopy in zebrafish. Society for 
Neuroscience. Online. 
 
191. G. XU, K. PIATKEVICH, K. ADAMALA, E. BOYDEN (2015) Spatial multiplexing for 
simultaneous imaging of multiple signaling pathways in a living cell. Society for 
Neuroscience. Online. 
 
192. J.-B. CHANG, F. CHEN, E. JUNG, H. BABCOCK, X. ZHUANG, E. BOYDEN (2015) 
Next-generation expansion microscopy: 20-nm resolution imaging via physical specimen 
magnification. Society for Neuroscience. Online. 
 
193. S. ALON, F. CHEN, E. R. DAUGHARTHY, P. W. TILLBERG, A. H. MARBLESTONE, A. 
T. WASSIE, G. M. CHURCH, E. S. BOYDEN (2015) Expansion Sequencing (ExSEQ): 
comprehensive In situ transcriptome characterization throughout intact brain circuits. Society 
for Neuroscience. Online. 
 
194. S. S. CHA, A. QUACH, H.-A. TSENG, J. ZHOU, F. MORTAZAVI, K. HANSEN, F. 
CHEN, P. W. TILLBERG, R. H. MYERS, D. L. ROSENE, E. S. BOYDEN, X. HAN (2015) 
Expansion microscopy of human and nonhuman primate brain specimens. Society for 
Neuroscience. Online. 
 
195. P. W. TILLBERG, F. CHEN, J. YU, K. PIATKEVICH, E. BOYDEN (2015) Protein 
retention expansion microscopy. Society for Neuroscience. Online.  
 
196. D. A. MARTIN ALARCON, K. ADAMALA, K. GUTHRIE-HONEA, E. S. BOYDEN (2015) 
A modular protein toolbox for RNA targeting. Society for Neuroscience. Online. 
 
197. Robert Desimone, Edward S. Boyden, Elazer Edelman, Ken Shepard, Colin Derdeyn, 
Eric Leuthardt, Bruce Fischl, Jon Polimeni, George Church, Adam Marblestone (2015) 
Vascular Interfaces for Brain Imaging and Stimulation, Poster, 2nd Annual BRAIN Initiative 
Investigators Meeting, Bethesda, MD. 
 



Edward S. Boyden, Ph. D.                                                   January 7, 2021 74

198. Edward S. Boyden, Peng Yin, Mark Bathe (2015) Ultra-Multiplexed Nanoscale In Situ 
Proteomics for Understanding Synapse Types, Poster, 2nd Annual BRAIN Initiative 
Investigators Meeting, Bethesda, MD. 
 
199. Boyden, E. S., Forest C.F., Zeng, H. (2016) High-throughput robotic analysis of 
integrated neuronal phenotypes, NIH Single Cell Investigators’ Meeting, NIH. 
 
200. Y. Zhao, O. Bucur, P. Valdes Quevedo, N.M. Sobhana, M.S. Viapiano, E. Chiocca, A. 
Beck, E.S. Boyden (2016) Tools for mapping and understanding complex biological systems 
in normal and disease states, American Chemical Society Annual Meeting. 
 
201. R. Gao, D. Oran, S.G. Rodriques, E.S. Boyden (2016) Expansion microscopy: 
Nanoscopic characterization of polyacrylate polymers, American Chemical Society Annual 
Meeting. 
 
202. Brian Allen, Caroline Moore-Kochlacs, Jorg Scholvin, Justin Kinney, Jacob Bernstein, 
Suhasa B Kodandaramaiah, Nancy Kopell, Edward Boyden (2016) Towards ground truth in 
ultra-dense neural recording, CoSyNe 2016. 
 
203. Octavian Bucur, Yongxin Zhao, Edward Boyden, Andrew H. Beck (2016) Physical 
expansion of tissue microarrays for high-resolution imaging of normal and cancer samples 
with conventional microscopy, American Association for Cancer Research Annual Meeting. 
 
204. J. Scholvin, B.D. Allen, J.G. Bernstein, C. Lamantia, C. Chronopoulos, J.P. Kinney, C. 
Moore-Kochlacs, N. Kopell, C.G. Fonstad, E.S. Boyden (2016) Close-Packed 
Microelectrodes for Awake Headfixed 1000-Channel Neural Recording, BMES 2016. 
 
205. Adamala, K., Martin-Alarcon, D., Boyden, E.S. (2016) Genetic Circuit Interactions within 
and between Synthetic Minimal Cells, Third International Mammalian Synthetic Biology 
Workshop, MIT, Cambridge, MA. 
 
206. April Caravaca, Gary Riggott, Robert Desimone, Kevin J. Tracey, Harbaljit Sohal, 
Edward S. Boyden, and Peder S. Olofsson (2016) A Novel Implantable Electrode for Dual 
Purpose: Acute and Chronic Electrical Interfacing with the Murine Cervical Vagus Nerve, 13th 
Key Symposium, New York, NY. 
 
207. Samuel Rodriques, Daniel Oran, Ruixuan Gao, Adam Marblestone and Edward Boyden 
(2016) Implosion Fabrication, MRS Fall Meeting, Boston, MA. 
 
208. Humayun Irshad, Octavian Bucur, Yongxin Zhao, Edward Boyden, Andrew Beck (2016) 
Expansion Pathology Framework for Classification of Early Neoplasia Breast Lesions, Digital 
Pathology Congress USA, Philadelphia, PA. 
 
209. O. A. SHEMESH, D. TANESE, V. ZAMPINI, C. LINGHU, E. PAPAGIAKOUMOU, E. 
RONZITTI, K. D. PIATKEVICH, V. EMILIANI, E. S. BOYDEN (2016) Two-photon holographic 
control of single neurons expressing somatic opsins. Society for Neuroscience. Online. 
 
210. R. GAO, S. ASANO, T.-L. LIU, G. HUYNH, E. BETZIG, E. S. BOYDEN (2016) 
Nanoscale imaging over large volumes via combined expansion microscopy and lattice light 
sheet microscopy. Society for Neuroscience. Online. 
 
211. A. WASSIE, F. CHEN, A. COTE, A. SINHA, S. ALON, S. ASANO, E. DAUGHARTHY, 
J.-B. CHANG, A. MARBLESTONE, G. CHURCH, A. RAJ, E. S. BOYDEN (2016) ExFISH: 
Nanoscale imaging of RNA with expansion microscopy. Society for Neuroscience. Online. 
 
212. J. KANG, E. D. KARAGIANNIS, J.-B. CHANG, G. HUYNH, A. MARBLESTONE, E. S. 
BOYDEN (2016) Next-generation expansion microscopy with lipid labels for morphological 
analysis of neurons. Society for Neuroscience. Online. 
 



Edward S. Boyden, Ph. D.                                                   January 7, 2021 75

213. N. GROSSMAN, D. BONO, S. KODANDARAMAIAH,0, A. RUDENKO, A. CASSARA, E. 
NEUFELD, S. A. ANTERAPER, A. TAKAHASHI, N. KUSTER, L.-H. TSAI, A. PASCUAL-
LEONE, E. S. BOYDEN (2016) Noninvasive deep brain stimulation via delivery of temporally 
interfering electric fields. Society for Neuroscience. Online. 
 
214. J. R. CRITTENDEN, M. H. RIAD, P. W. TILLBERG, Y. SHIMA, D. E. HOUSMAN, S. B. 
NELSON, E. S. BOYDEN, A. M. GRAYBIEL (2016) Striosome-dendron bouquet formations: 
a unique striatonigral circuit connection engaging dopamine-containing neurons and their 
ventrally extending dendrites. Society for Neuroscience. Online. 
 
215. K. T. PILOBELLO, H. PANTAZOPOULOS, S. BERRETTA, R. MCCULLUMSMITH, S. 
ODONOVAN, R. KOENE, P. W. TILLBERG, E. S. BOYDEN (2016) Perineuronal net-
associated extracellular matrix clusters in the normal human amygdala: relevance to SZ. 
Society for Neuroscience. Online. 
 
216. K. D. PIATKEVICH, E. JUNG, C. LINGHU, H.-J. SUK, D. PARK, B. SZABO, M. 
DROBIZHEV, F. CHEN, O. SHAMESH, E. S. BOYDEN (2016) Monomeric far-red and near-
infrared fluorescent proteins for neuroimaging. Society for Neuroscience. Online. 
 
217. H.-J. SUK, I. VAN WELIE, S. B. KODANDARAMAIAH, B. D. ALLEN, C. R. FOREST, E. 
S. BOYDEN (2016) Fully automated closed-loop two-photon guided patch-clamp 
electrophysiology In vivo. Society for Neuroscience. Online. 
 
218. A. CARAVACA, G. RIGGOT, R. DESIMONE, K. J. TRACEY, H. SOHAL, E. S. 
BOYDEN, P. S. OLOFSSON (2016) A novel implantable electrode for chronic electrical 
interfacing with the murine cervical vagus nerve. Society for Neuroscience. Online. 
 
219. B. ALLEN, J. BERNSTEIN, C. CHRONOPOULOS, J. KINNEY, C. LAMANTIA, C. 
MOORE-KOCHLACS, J. SCHOLVIN, C. FONSTAD, S. KODANDARAMAIAH, N. KOPELL, 
E. BOYDEN (2016) Integrated autopatching and close-packed extracellular recording in 
headfixed mice. Society for Neuroscience. Online. 
 
220. H. F. IACCARINO, A. C. SINGER, A. J. MARTORELL, A. RUDENKO, F. GAO, T. Z. 
GILLINGHAM, R. G. CANTER, R. RUEDA, E. N. BROWN, E. S. BOYDEN, L.-H. TSAI (2016) 
Gamma oscillations attenuate amyloid pathology and trigger a distinct microglia response in 
mouse models of Alzheimer’s disease. Society for Neuroscience. Online. 
 
221. S. G. RODRIQUES, N. JAKIMO, D. ESTANDIAN, J. JACOBSON, A. MARBLESTONE, 
E. BOYDEN (2016) Barcoding neurons for expansion microscopy (ExM) readout of neural 
projections. Society for Neuroscience. Online. 
 
222. D. SARKAR, A. T. WASSIE, A. PAYNE, K. D. PIATKEVICH, D. ORAN, J.-B. CHANG, 
E. S. BOYDEN (2016) 100-fold linear expansion of biological samples for nanoscale imaging. 
Society for Neuroscience. Online. 
 
223. J.-B. CHANG, F. CHEN, Y. YOON, E. JUNG, H. BABCOCK, J. KANG, S. ASANO, H.-J. 
SUK, N. PAK, P. TILLBERG, A. WASSIE, X. ZHUANG, E. S. BOYDEN (2016) 20-nm 
resolution imaging of brain circuitry by next-generation expansion microscopy. Society for 
Neuroscience. Online. 
 
224. Ilya Kolb, Giovanni Talei Franzesi, Michael Wang, Suhasa Kodandaramaiah, Craig 
Forest, Edward Boyden, Annabelle Singer (2017) Repeated membrane potential patterns in 
the hippocampus of awake mice are related to spiking, CoSyNe, Utah. 
 
225. S. Berry, S. Redmond, P. Robinson, T. Thorsen, M. Rothschild, and E. Boyden, 
"Adaptive Fluidic Microoptics for Single Cell Optogenetics," in Optics in the Life Sciences 
Congress, OSA Technical Digest (online) (Optical Society of America, 2017), paper BoS2A.3. 
 
226. G. F. LYNCH, H. S. SOHAL, E. S. BOYDEN, M. S. FEE (2017) Characterization of 
neuronal dynamics in a variability generating circuit. Society for Neuroscience. Online. 



Edward S. Boyden, Ph. D.                                                   January 7, 2021 76

 
227. T. TSAAVA, M. STRAKA, A. S. CARAVACA, L. GOLDMAN, G. RIGGOTT, S. S. 
CHAVAN, K. J. TRACEY, C. BOUTON, P. S. OLOFSSON, E. S. BOYDEN, H. SOHAL 
(2017) Chronic evaluation of a novel flexible cuff like electrode for peripheral nerve 
interfacing in the mouse. Society for Neuroscience. Online. 
 
228. G. QUADRATO, T. NGUYEN, E. MACOSKO, J. SHERWOOD, D. BERGER, S. YANG, 
E. BOYDEN, J. LICHTMAN, Z. WILLIAMS, S. MCCARROLL, P. ARLOTTA (2017) Modeling 
human brain development and disease at single-cell resolution with human brain organoids. 
Society for Neuroscience. Online. 
 
229. I. KOLB, J. LEE, A. FELOUZIS, W. A. STOY, E. S. BOYDEN, C. J. ROZELL, C. R. 
FOREST (2017) Image-guided automated patch-clamp electrophysiology In vitro. Society for 
Neuroscience. Online. 
 
230. Y. BANDO, K. HIWADA, M. KANAYA, T. ITO, S. ASANO, M. BOVE, Jr., E. S. BOYDEN 
(2017) Interactive 3D visualization of terabyte-sized nanoscale brain images at 8K resolution. 
Society for Neuroscience. Online. 
 
231. I.-W. CHEN, E. RONZITTI, O. A. SHEMESH, D. DALKARA, H. ZENG, E. S. BOYDEN, 
V. EMILIANI, E. PAPAGIAKOUMOU (2017) Parallel optical method enables submillisecond 
optogenetic activation in mouse visual cortex In vivo. Society for Neuroscience. Online. 
 
232. Jingzhi An, Francisco Javier Flores, Suhasa Kodandaramaiah, Isabella Dalla Betta, 
Ksenia Nikolaeva, Edward Boyden, Craig R. Forest, Emery N Brown (2018) Automated 
Assessment of Loss of Consciousness Using Whisker And Paw Movements During 
Anesthetic Dosing in Head-Fixed Rodents, Engineering in Medicine and Biology Conference 
2018. 
 
233. David Rolnick, Yaron Meirovitch, Jeffrey W. Lichtman, Nir Shavit, Toufiq Parag, 
Hanspeter Pfister, Viren Jain, Edward S. Boyden (2018) Morphological error detection for 
connectomics, Cosyne. 
 
234. Elizabeth M.C. Hillman, Hang Yu, Venkatakaushik Voleti, Wenze Li, Kripa B. Patel, 
Citlali Perez-Campos, Grace Sooyeon Lee, Sam E. Benezra, Clay Laceeld, Randy Bruno, Ed 
Boyden, Danielle Cosio, Eghbal Hosseini, Orhan Celiker (2018) SCAPE Microscopy - 
Technological Advances, New Applications and Dissemination, NIH BRAIN Initiative Meeting. 
 
235. D. Sarkar, A. T. Wassie, K. D. Piatkevich, T. Tarr, A. Tang, T. Blanpied and E. S. 
Boyden (2018) Nanoscale Mapping of the Fundamental Building Blocks of the Brain, IEEE 
BRAIN Workshop, San Diego, CA. 
 
236. E. JUNG, K. PIATKEVICH, C. STRAUB, C. LINGHU, D. PARK, H.-J. SUK, D. 
HOCHBAUM, D. GOODWIN, E. PNEVMATIKAKIS, N. PAK, T. KAWASHIMA, C.-T. YANG, 
J. RHOADES, O. SHEMESH, S. ASANO, Y. YOON, L. FREIFELD, J. SAULNIER, C. 
RIEGLER, F. ENGERT, T. E. HUGHES, M. DROBIZHEV, B. BALINT, M. AHRENS, S. 
FLAVELL, B. SABATINI, E. BOYDEN1 (2018) Robust, millivolt-resolution, high-speed neural 
voltage imaging in multiple species. Society for Neuroscience. Online. 
 
237. J. KANG, E. D. KARAGIANNIS, T. SHIN, C.-C. YU, E. COSTA, A. EMENARI, E. S. 
BOYDEN (2018) Expansion microscopy using lipid and protein labels for multimodal 
structural and functional nanoresolution imaging of brain circuits. Society for Neuroscience. 
Online. 
 
238. C.-C. YU, N. BARRY, K. D. PIATKEVICH, S. ASANO, G. HUYNH, A. KAZATSKAYA, I. 
NECHIPURENKO, E. CRONIN, I. SKVORTSOV, Z. TANVIR, S. W. FLAVELL, P. 
SENGUPTA, G. HASPEL, M. B. GOODMAN, E. S. BOYDEN (2018) Expansion microscopy 
of C. elegans enables whole-organism in situ analysis with nanoscale spatial resolution. 
Society for Neuroscience. Online. 
 



Edward S. Boyden, Ph. D.                                                   January 7, 2021 77

239. P. VALDES, Y. ZHAO, C. C. TORRES, E. COSTA, K. SHAH, E. A. CHIOCCA, E. S. 
BOYDEN (2018) Multiplexed expansion microscopy in clinical specimens of normal brain and 
gliomas. Society for Neuroscience. Online. 
 
240. A. SINHA, A. T. WASSIE, S. ALON, D. GOODWIN, A. H. MARBLESTONE, F. CHEN, 
G. M. CHURCH, E. S. BOYDEN (2018) Multiplexed, targeted in situ sequencing of RNA in 
intact brain processed with expansion microscopy. Society for Neuroscience. Online. 
 
241. A. EMENARI, E. D. KARAGIANNIS, J. KANG, E. S. BOYDEN (2018) Extracellular 
space labeling for connectomic analysis in mouse brain using expansion microscopy. Society 
for Neuroscience. Online.  
 
242. J. KANG, E. HOSSEINI, E. D. KARAGIANNIS, A. EMENARI, T. SHIN, C.-C. YU, E. 
JUNG, K. D. PIATKEVICH, E. S. BOYDEN (2018) Extracellular space labeling of the 
zebrafish brain using expansion microscopy. Society for Neuroscience. Online.  
 
243. D. GOODWIN, S. ALON, F. CHEN, A. WASSIE, A. PAYNE, A. SINHA, H.-J. SUK, E. 
DAUGHARTHY, P. REGINATO, N. PAK, Y. BANDO, K. MARRETT, A. KAJITA, R. WANG, 
P. W. TILLBERG, A. MARBLESTONE, G. CHURCH, E. S. BOYDEN (2018) In situ mapping 
of RNA at subcellular resolution using expansion sequencing (ExSeq) in intact brain tissue. 
Society for Neuroscience. Online.  
 
244. D. SARKAR, A. T. WASSIE, K. PIATKEVICH, T. TARR, A. TANG, T. BLANPIED, E. 
BOYDEN (2018) Iterative direct expansion microscopy. Society for Neuroscience. Online.  
 
245. O. A. SHEMESH, C. LINGHU, K. PIATKEVICH, D. GOODWIN, H. GRITTON, R. GAO, 
M. F. ROMANO, H.-A. TSENG, S. BENSUSSEN, S. NARAYAN, C.-T. YANG, L. FREIFELD, 
C. SICILIANO, I. GUPTA, N. PAK, Y.-G. YOON, J. F. ULLMANN, Z. R. SHEINKOPF, S. 
ASANO, W.-M. PARK, A. KEATING, J. REIMER, K. M. TYE, A. S. TOLIAS, X. HAN, M. B. 
AHRENS, E. S. BOYDEN (2018) Precision calcium imaging of dense neural populations via 
a cell body-targeted calcium indicator. Society for Neuroscience. Online.  
 
246. S. G. RODRIQUES, L. M. CHEN, S. LIU, E. D. ZHONG, J. R. SCHERRER, E. S. 
BOYDEN, F. CHEN (2018) Transcriptional RNA associated memory for molecular recording 
of neural activity. Society for Neuroscience. Online.  
 
247. Z. WANG, Y.-G. YOON, N. PAK, D. PARK, P. DAI, J. KANG, H.-J. SUK, K. WANG, E. 
S. BOYDEN (2018) Sparse decomposition light-field microscopy for high speed 3-D imaging 
of neuronal activity. Society for Neuroscience. Online.  
 
248. M. H. MURDOCK, K. D. PIATKEVICH, S. BENSUSSEN, H.-A. TSENG, D. GOODWIN, 
C. LINGHU, O. A. SHEMESH, S. SHROFF, E. JUNG, A. YANG, A. WASSIE, L.-H. TSAI, X. 
HAN, E. S. BOYDEN (2018) High speed voltage imaging and optogenetic control of neural 
activity in living mouse brain. Society for Neuroscience. Online.  
 
249. A. M. N. CASSARA, E. NEUFELD, E. S. BOYDEN, N. KUSTER, N. GROSSMAN (2018) 
Computational modeling for personalized and optimized deep and targeted temporal 
interference brain stimulation. Society for Neuroscience. Online.  
 
250. I. DALLA BETTA, B. NELTNER, M. S. MANN, D. BONO, M. A. WILSON, E. S. 
BOYDEN, N. GROSSMAN, E. N. BROWN, F. J. FLORES,  (2018) A method for automated, 
long-term neural stimulation with temporally-interfering electric fields in freely-moving mice. 
Society for Neuroscience. Online.  
 
251. L. Z. FAN, S. KHEIFETS, K. D. PIATKEVICH, E. S. BOYDEN, A. E. TAKESIAN, A. E. 
COHEN (2018) All-optical electrophysiology of cortical neurons in vivo. Society for 
Neuroscience. Online.  
 
252. E. M. HILLMAN, W. LI, V. VOLETI, H. YU, K. PATEL, C. PEREZ-CAMPOS, G. LEE, Y. 
CHEN, W. B. GRUEBER, R. VAADIA, S. J. FIRESTEIN, L. XU, E. S. SCHAFFER, N. 



Edward S. Boyden, Ph. D.                                                   January 7, 2021 78

MISHRA, R. BEHNIA, S. BENEZRA, R. M. BRUNO, D. SCHOPPIK, D. E. EHRLICH, E. S. 
BOYDEN, D. M. COSIO, E. HOSSEINI, O. T. CELIKER, E. PNEVMATIKAKIS, L. PANINSKI, 
T. ZHENG (2018) Diverse applications and extensions of SCAPE microscopy for high-speed 
volumetric neuroimaging. Society for Neuroscience. Online.  
 
253. F. J. FLORES, S. B. KODANDARAMAIAH, J. AN, E. S. BOYDEN, C. FOREST, E. N. 
BROWN (2018) Oscillatory activity in local cortical networks during drug-induced loss of 
consciousness. Society for Neuroscience. Online.  
 
254. Deblina Sarkar, Asmamaw Wassie, Kiryl Piatkevich, Tyler Tarr, Aihui Tang, Thomas 
Blanpied, Edward Boyden (2018) Nanoscale Mapping of the Fundamental Building Blocks of 
the Brain, Materials Research Society, Boston, MA. 
 
255. Gao, Ruixuan, Betzig, Eric, Boyden, Ed (2019) Scalable Imaging of Brain Ultrastructure 
with Molecular Contrast and Nanoscale Resolution, BMES 2019. 
 
256. Sarkar, Deblina, Wassie, Asmamaw, Kang, Jinyoung, Tarr, Tyler, Tang, Aihui, Blanpied, 
Thomas, Boyden, Edward (2019) Nanoscale Mapping of the Biomolecular Building blocks of 
the Brain, BMES 2019. 
 
257. Daniel Oran; Gaojie Yang; Edward Boyden III; Rachel Weissman (2020) Biologically 
inspired methods for volumetric deposition of colloidal materials for 3D nano-fabrication of 
optics and photonics, SPIE Advanced Fabrication Technologies for Micro/Nano Optics and 
Photonics XIII, San Francisco, CA. 
 
258. M. C. YIP, C. R. LANDRY, A. YANG, I. KOLB, E. S. BOYDEN, C. R. FOREST (2019) 
High throughput opsin screening using automated intracellular electrophysiology, Society for 
Neuroscience, 2019. 
 
259. R. NARDOU, E. M. LEWIS, R. ROTHHAAS, R. XU, A. YANG, E. S. BOYDEN, G. 
DÖLEN (2019) Oxytocin-dependent reopening of a social reward learning critical period with 
MDMA, Society for Neuroscience, 2019. 
 
260. S. SCHREGLMANN, D. WANG, R. PEACH, X. ZHANG, J. LI, E. PANELLA, E. S. 
BOYDEN, M. BARAHONA, S. SANTANIELLO, K. P. BHATIA, J. C. ROTHWELL, N. 
GROSSMAN (2019) Suppression of essential tremor via phase-locked driven disruption of 
temporal coherence, Society for Neuroscience, 2019. 
 
261. M. D. SUNSHINE, E. NEUFELD, A. M. CASSARA, N. GROSSMAN, K. J. OTTO, E. S. 
BOYDEN, D. D. FULLER (2019) Temporal interference stimulation to activate respiratory 
motor pools, Society for Neuroscience, 2019. 
 
262. A. M. CASSARA, E. NEUFELD, H. BERGMAN, E. S. BOYDEN, N. GROSSMAN, N. 
KUSTER (2019) Deep brain stimulation via temporal interference stimulation using implanted 
DBS electrodes. A feasibility study, Society for Neuroscience, 2019. 
 
263. M. OGAWA, S. ISHINO, K. TOKUOKA, T. ISA, B. D. ALLEN, A. S. CHUONG, E. S. 
BOYDEN, N. OISHI, I. SANGHUN, T. YAMADA (2019) Contribution of the orbitofrontal cortex 
to inference based on specific stimulus-reward relationships, Society for Neuroscience, 2019. 
 
264. S. N. SHROFF, H.-A. TSENG, H. J. GRITTON, S. BENSUSSEN, K. D. PIATKEVICH, 
M. F. ROMANO, E. S. BOYDEN, X. HAN (2019) In vivo population voltage imaging of neural 
activity in awake, behaving mice, Society for Neuroscience, 2019. 
 
265. H.-A. TSENG, S. BENSUSSEN, K. D. PIATKEVICH, S. SHROFF, H. GRITTON, R. 
MOUNT, J. SHERMAN, E. S. BOYDEN, X. HAN (2019) Voltage imaging of subthreshold 
dynamics in awake behaving mice, Society for Neuroscience, 2019. 
 
266. F. J. FLORES, S. B. GONCALVES, I. C. RICE, J. AN, O. AKEJU, J. SCHOLVIN, E. S. 
BOYDEN, E. N. BROWN (2019) Electrophysiological differences between unconscious 



Edward S. Boyden, Ph. D.                                                   January 7, 2021 79

states induced by gabaergic agonists and glutamatergic antagonists, Society for 
Neuroscience, 2019. 
 
267. A. PAYNE, Z. CHIANG, P. REGINATO, E. MURRAY, S. MANGELIMELI, C.-C. YAO, G. 
CHURCH, J. BUENROSTRO, F. CHEN, E. S. BOYDEN (2019) Genome-wide in situ 
sequencing, Society for Neuroscience, 2019. 
 
268. A. SINHA, D. GOODWIN, S. ALON, A. WASSIE, F. CHEN, Y. CUI, Y. BANDO, A. KAJITA, 
A. PAYNE, C.-C. YAO, A. H. MARBLESTONE, G. M. CHURCH, E. S. BOYDEN (2019) 
Targeted and untargeted in situ sequencing in thick, physically magnified brain tissue, Society 
for Neuroscience, 2019. 
 
269. I. DALLA BETTA, A. M. CASSARA, E. S. BOYDEN, E. N. BROWN, F. J. FLORES (2019) 
In silico modeling of temporally interfering electric fields for deep brain stimulation, Society for 
Neuroscience, 2019. 
 
270. B. JACKSON, D. CHAN, H.-J. SUK, S. BEACH, D. STARK, V. FERNANDEZ, N. MILMAN, 
C. STEARNS, E. BOYDEN, E. BROWN, L.-H. TSAI (2019) Extended gamma sensory 
stimulation in cognitively normal individuals, Society for Neuroscience, 2019. 
 
271. N. E. P. MILMAN, D. CHAN, H. J. SUK, B. L. JACKSON, S. BEACH, D. STARK, V. 
FERNANDEZ, C. STEARNS, E. N. BOYDEN, E. S. BROWN, L. H. TSAI (2019) Bimodal 
stimulation in cognitively healthy individuals prompts widespread 40 Hz entrainment and global 
synchronization: A preliminary study of non-invasive stimulation for treating Alzheimer’s 
disease, Society for Neuroscience, 2019. 
 
272. D. SARKAR, A. WASSIE, J. KANG, T. TARR, A. TANG, T. A. BLANPIED, E. S. BOYDEN 
(2019) Iterative direct expansion microscopy, Society for Neuroscience, 2019. 
 
273. Michael D. Sunshine Antonino M. Cassarà Esra M. Neufeld Nir Grossman Kevin J. Otto 
Edward S. Boyden David D. Fuller (2020) Phrenic motor neuron activation using temporal 
interference stimulation, FASEB Journal Volume 34, Issue S1 (Experimental Biology 2020 
Conference) 
 
274. V. Emiliani, N. Accanto, O. Kats, B. Li, E. Boyden (2020) MICRO-ENDOSCOPIC TWO-
PHOTON IMAGING AND OPTOGENETICS WITH SINGLE-CELL RESOLUTION, 20th 
Human Frontiers Science Program Awardees Meeting. 
 
 
 
 
 
 

  
 

  
 


