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BRAIN Initiative Investigators Meeting—Poster Schedule 
  
Posters will be presented during three sessions on Monday, December 12; Tuesday, December 13; and 
Wednesday, December 14, 2016. Posters should be set up by 9:30 a.m. on the day of the assigned poster 
session. Each poster presenter is also assigned a Session Number, corresponding to the meeting day of 
their poster session. Investigators are expected to present their posters during one of the following time 
slots: 

Session 1: December 12, 9:30 a.m.–12:30 p.m. 
Session 2: December 13, 9:30 a.m.–12:30 p.m. 
Session 3: December 14, 9:30 a.m.–12:30 p.m. 

Presenters should plan to remain with their posters (or have a representative at the poster) for most of 
their assigned session. The posters will remain up through the afternoon for viewing, but they must be 
removed by the end of the day (8:00 p.m.) to make room for the next session. The meeting organizers are 
not responsible for posters that have not been removed. Assigned poster boards are listed below. 

Board 
No. 

Title Presenter Name 

 

Session 
No. 

2 
 

Dexterous brain-machine interfaces for tetraplegic humans 
utilizing somatosensory cortex stimulation 

Andersen, Richard 1 

4 New approaches for better protein voltage sensors Baker, Bradley 1 
6 Dynamic neural mechanisms of audiovisual speech 

perception 
Beauchamp, 
Michael 

1 

8 Wireless photometry for in vivo behavioral studies Bhatti, Dionnet 1 
10 Intrabody-dependent activation of cell-specific gene 

expression in CNS 
Blackshaw, Seth 1 

12 Vascular neural interfacing Boyden, Ed 1 
14 Next-gen Opto-GPCRs Bruchas, Michael 1 

16 Central thalamic brain stimulation for traumatic brain injury Butson, Christopher 1 
18 Multi-scale observations for establishing a dose response for 

ultrasound neuromodulation 
Caskey, Charles 1 

20 Ultrasound neuromodulation in non-human primates  Caskey, Charles 1 

22 Integrated fMRI methods to study neurophysiology and 
circuit dynamics at laminar and columnar levels 

Chen, Wei 1 

24 Heritability of large-scale functional brain networks via 
persistent homology 

Chung, Moo 1 

26 Engineering faster genetically encodable calcium indicators 
for spike counting 

Couchman, Kiri 1 

28 High-throughput large-field deep tissue imaging by multi-
pupil adaptive optics 

Cui, Meng 1 

30 Neural correlates of spontaneous mouse behavior Datta, Sandeep 1 
32 Non-degenerate 2-photon excitation in scattering medium 

for fluorescence microscopy 
Devor, Anna 1 
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Board 
No. 

Title Presenter Name Session 
No. 

34 Harnessing light sheet and light field microscopy to 
visualize dynamic adaptations to sleep-related synaptic 
activity 

Dickman, Dion 1 

36 Combined cortical and subcortical recording and stimulation 
as a circuit-oriented treatment for obsessive-compulsive 
disorder 

Dougherty, Darin 1 

38 Transdiagnostic restoration of affective networks with 
systematic, function-oriented, real-time modeling and deep 
brain stimulation (TRANSFORM DBS) 

Dougherty, Darin 1 

40 Imaging adult-born neurons in action using head-mounted 
minimicroscopes 

Drew, Michael 1 

42 Single-cell methylome sequencing identifies distinct 
neuronal populations in mouse and human frontal cortex  

Ecker, Joe 1 

44 Microscale human cortical imaging—MRI corticography Feinberg, David 1 
46 Beyond diagnostic classification of autism: 

Neuroanatomical, functional, and behavioral phenotypes 
Fletcher, Tom 1 

48 Micro-coil implants for cortical activation Fried, Shelley 1 
50 A robust ionotropic activator for brain-wide manipulation of 

neuronal function 
Garwood, Elizabeth 1 

52 Imaging brain function in real-world environments and 
populations with portable MRI 

Garwood, Michael 1 

54 Rebuilding neural pathway function using miniature 
integrated optics for neuron-level readout and feedback 

Gibson, Emily 1 

56 A multi-channel, semi-chronic micromanipulator system for 
combined electrophysiological recording and optogenetic 
manipulation of neuronal activity in behaving, non-human 
primates 

Goodell, Baldwin 1 

58 Asynchronous distributed multielectrode neuromodulation 
for epilepsy 

Gross, Robert 1 

60 Dose-dependent response of cerebellar network transcranial 
magnetic stimulation 

Halko, Mark 1 

62 High-resolution multimodal acousto-electromagnetic 
neuroimaging of brain activity 

He, Bin 1 

64 SCAPE microscopy for high-speed 3D imaging of behaving 
organisms 

Hillman, Elizabeth 1 

66 Bioluminescent OptoGenetics (BL-OG): A novel and 
versatile strategy for neuromodulation 

Hochgeschwender, 
Ute 

1 

68 Employing subcellular calcium to control membrane voltage Hochgeschwender, 
Ute 

1 

70 Neural ensembles underlying natural tracking behavior in 
the common marmoset 

Huk, Alex 1 

72 Neuronal avalanches encode sensory stimulus information Kanold, Patrick 1 
74 Simple and fast brain-wide screening for plasticity between 

spatially or genetically defined cell populations with single 
synapse resolution 

Kebschull, Justus 1 
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Board 
No. 

Title Presenter Name Session 
No. 

76 Engineering photoactivatable neurotoxins for light-
dependent synaptic silencing 

Kennedy, Matthew 1 

78 Homeostatic control of functional dynamics in human brain 
networks 

Khambhati, Ankit 1 

80 Flexible large-scale brain imaging analysis: Diversity, 
individuality, and scalability 

Kim, Seung-Jun 1 

82 Physiological basis for resting-state connectivity: Theory 
and improved fMRI measurements 

Kleinfeld, David 1 

84 Realization of optical cell–based reporters for in vivo 
detection of neuropeptides 

Kleinfeld, David 1 

86 Sparse, strong, and large area targeting of genetically 
encoded indicators for functional cortical connectomics 

Knopfel, Thomas 1 

88 Photo-control of neurotransmitter receptors for elucidating 
mechanisms of long-term synaptic plasticity 

Kramer, Richard 1 

90 Neural activity integration during user-defined epochs with 
modular reporters 

Laughlin, Scott 1 

92 A model of variable size stable structure (VSSS) for 
synapse growth and long-term memory 

Lisman, John 1 

94 A synthetic genetic system to record cell–cell interactions in 
the nervous system of transgenic animals 

Lois, Carlos 1 

96 The Neuroscience Gateway—Enabling large-scale 
neuroscience simulations and data processing using 
supercomputers 

Majumdar, Amitava 1 

98 A next-generation closed-loop neuromodulation platform Markovic, Dejan 1 
100 BRAIN EAGER: Development of selective activity–

dependent methods for tagging neuronal circuits involved in 
learning and memory 

Meeks, Julian 1 

102 Ultrahigh dynamic range multiphoton microscopy with an 
electronic add-on 

Mertz, Jerome 1 

104 Methods from computational topology and geometry for 
extracting and analyzing neuronal shape  

Mitra, Partha 1 

106 Toward deep brain monitoring with superficial EEG sensors 
plus neuromodulatory focused ultrasound 

Mourad, Pierre 1 

108 Interdisciplinary training in computational neuroscience for 
researchers from graduate and medical students to junior 
faculty 

Nair, Satish 1 

110 Heavy-tailed Bayesian cue integration explains the 
dynamics of vocal learning in songbirds 

Nemenman, Ilya 1 

112 Sleep’s role in determining the fate of individual memories Norman, Kenneth 1 
114 Algorithmically explicit neural representation of visual 

memorability 
Oliva, Aude 1 

116 Neuronal substrates of hemodynamic signals in the 
prefrontal cortex 

O’Doherty, John 1 

118 Label-free 4-D optical detection of neural activity Park, B. Hyle 1 
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Board 
No. 

Title Presenter Name Session 
No. 

120 Conducting polymer nanowires for neural modulation Payne, Christine 1 
122 Optimal calcium imaging with shaped excitation Peterka, Darcy 1 
124 VIrtual Brain Electrode (VIBE) for imaging neuronal 

activity 
Philips, Gavin 1 

126 Multimode fiber fluorescence endoscopic device Piestun, Rafael 1 
128 A molecular taxonomy of cell types in developing human 

cortex 
Polioudakis, Damon 1 

130 Identifying design principles of neural cells Qutub, Amina 1 
132 Functional optoacoustic neuro-tomography of calcium 

fluxes in adult zebrafish brain in vivo 
Razansky, Daniel 1 

134 MindFlight: BCI control of multiple simulated aircraft Rich, Matthew 1 
136 Long-duration FLARE biosensor imaging using inverted 

selective plane illumination microscopy 
Rizzo, Mark 1 

138 Non-invasive event-related potentials elicited by 
subthalamic DBS during surgery predict postoperative 
corticospinal motor side effects  

Romeo, Andrew 1 

140 Bayesian estimation of cortical networks Sapiro, Guillermo 1 
142 Engineered viral tropism for cell type–specific manipulation 

of neuronal circuits 
Schmidt, Daniel 1 

144 Cell circuits and physiological processes underlying resting 
fMRI signals 

Schroeder, Charles 1 

146 A strategy to measure electrophysiological changes in deep 
tissue 

Sepela, Rebecka 1 

148 Genetically encoded light sources for non-invasive 
optogenetics 

Shaner, Nathan 1 

150 Statistics of natural odors and the model of olfactory 
processing 

Sharpee, Tatyana 1 

152 De novo molecular classification retinal neurons using 
large-scale single-cell transcriptomics 

Shekhar, Karthik 1 

154 Multi-channel MR-compatible flexible microelectrode for 
brain stimulation 

Shih, Yen-Yu 1 

156 Monitoring neuronal signal integration by selective access 
multifoci multiphoton microscopy 

So, Peter 1 

158 Path toward direct MRI of NEMO (neuro-electro-magnetic 
oscillations): Activation in the primary visual cortex in vivo 
during driven visual stimulation 

Song, Allen 1 

160 Mapping neuronal chloride microdomains Staley, Kevin 1 
162 CortiCore - Exploring the use of an automata processor as 

an MISD accelerator 
Stan, Mircea 1 

164 Individual and task differences in fMRI Steyvers, Mark 1 
166 Grouped electrocorticography delineates language network 

dynamics 
Tandon, Nitin 1 

168 Optical tools to study neuropeptide signaling Tantama, Mathew 1 
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Board 
No. 

Title Presenter Name Session 
No. 

170 Neurotransmitter absolute concentration determination with 
diamond electrode 

Tomshine, Jonathan 1 

172 Olfactory navigation: Experimental and algorithmic analysis Urban, Nathan 1 
174 Optimizing flexible, active electrode arrays for chronic, 

large-scale recording and stimulation on the scale of 
100,000 electrodes 

Viventi, Jonathan 1 

176 BRAIN EAGER: Electrogenetic reporters of neural activity Wachowiak, Matt 1 
178 Compressive light field microscopy for optogenetic neural 

activity tracking 
Waller, Laura 1 

180 Concurrent multiphoton microscopy and magnetic 
resonance imaging (COMPMRI) 

Wang, Yi 1 

182 Computational modeling of deep brain stimulation in the 
ventral striatum 

Widge, Alik 1 

184 Magnetothermal modulation of adrenal circuit Widge, Alik 1 
186 Mechanisms of neural circuit dynamics in working memory Witten, Ilana 1 
188 Neurophysiologically based brain state tracking and 

modulation in focal epilepsy 
Worrell, Gregory 1 

190 In vivo 3-photon imaging of mouse brain activity  Xu, Chris 1 
192 Break the barrier of high-field MRI with ultra-high 

dielectric constant (uHDC) ceramics for brain MRI and 
MRS 

Yang, Qing 1 

194 DNA-exchange-imaging for highly multiplexed diffraction-
limited and super-resolution quantitative imaging to map 
synapse heterogeneity 

Yin, Peng 1 

196 Toward a comprehensive cell type classification in mouse 
cortex and hypothalamus 

Zeng, Hongkui 1 

198 High-speed optical coherence tomography imaging of 
neural activity 

Zhou, Chao 1 

3 Analyzing language connectivity networks in the human 
brain: A step toward reversing aphasia  

Aazhang, Behnaam 2 

7 Engaging the medial temporal lobe with ECT pulse 
amplitude to improve clinical outcomes 

Abbott, Chris 2 

9 Imaging neuropeptide release in vivo Anderson, David 2 
13 A decade of NeuroMorpho.org: Lessons learned and future 

prospects 
Ascoli, Giorgio 2 

15 Novel optrodes for large-scale electrophysiology and site-
specific stimulation 

Berdondini, Luca 2 

17 Studying the feasibility of micro-magnetic stimulation for 
overcoming balance dysfunction 

Bhatti, Pamela 2 

19 A modeling tool-box to enhance brain stimulation with 
TDCS 

Bikson, Marom 2 

21 Integrated array for simultaneous optogenetic stimulation 
and electrical recording to study cortical circuit function in 
the NHP brain 

Blair, Steve 2 
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Board 
No. 

Title Presenter Name Session 
No. 

23 Imaging in a walking patient with ambulatory microdose pet 
(AMPET) 

Brefczynski-Lewis, 
Julie 

2 

25 Understanding neural computation in long-term, naturalistic 
human brain recordings 

Brunton, Bingni 2 

27 MR-guided focused ultrasound neuromodulation of deep 
brain structures 

Butts Pauly, Kim 2 

29 Sonogenetics: A noninvasive method to control specific cell 
types 

Chalasani, 
Sreekanth 

2 

31 Learning by neural reassociation Chase, Steven 2 
33 Modular systems for measuring and manipulating brain 

activity 
Chen, Supin 2 

35 Biomimetic membrane networks as adaptable neuromorphic 
circuits 

Collier, Charles 2 

37 A system for the combined measurement of dopamine and 
neural activity (DANA) 

Cowen, Stephen 2 

39 Biological “living electrodes” using tissue-engineered 
axonal tracts to probe and modulate the nervous system 

Cullen, D. Kacy 2 

41 Closed-loop deep brain stimulation for Parkinson’s disease de Hemptinne, 
Coralie 

2 

43 The roadmap for estimation of cell-type–specific neuronal 
activity from noninvasive measurements 

Devor, Anna 2 

45 Viral targeting of specific interneuron subtypes Dimidschstein, 
Jordane 

2 

47 Anion channelrhodopsin-based viral tools to manipulate 
brain networks in behaving animals 

Dragoi, Valentin 2 

49 Optimizing fluorescent proteins and biosensors for two-
photon microscopy 

Drobizhev, Mikhail 2 

51 Three-dimensional holography for parallel multi-target 
optogenetic circuit manipulation 

Emiliani, Valentina 2 

53 Toward in vivo circuit activity measurement at single-cell, 
sub-threshold resolution 

Forest, Craig 2 

55 Rational engagement of alpha oscillations with tACS Frohlich, Flavio 2 
57 Examining brain processes at the individual level Gates, Kathleen 2 
59 A circuit theory of cortical function Gilbert, Charles 2 
61 Compact diode laser–based pulse source and electrowetting 

adaptive optical elements for multiphoton biological 
imaging 

Gopinath, Juliet 2 

63 Closing the loop on tremor: A responsive deep brain 
stimulator for the treatment of essential tremor 

Gunduz, Aysegul 2 

65 Human hippocampal recording: Development of a DARPA 
RAM human memory prosthetic 

Hampson, Robert 2 

67 Individual variation, plasticity, and learning in human brain 
evolution 

Hecht, Erin 2 

69 Neural scaling laws for an uncertain world Howard, Marc 2 
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Board 
No. 

Title Presenter Name Session 
No. 

71 Calcium sensors for molecular fMRI Jasanoff, Alan 2 
73 Toward functional molecular neuroimaging using 

vasoactive probes in human subjects 
Jasanoff, Alan 2 

75 Neurons, vessels, and voxels: Multi-model imaging of 
layers 

Kara, Prakash 2 

77 Multiscale analysis of the BOLD signal Keilholz, Shella 2 
79 Computational and circuit mechanisms for information 

transmission in the brain 
Kepecs, Adam 2 

81 Viral receptor complementation strategy overcomes CAV-2 
tropism for neuronal retrograde labeling 

Kepecs, Adam 2 

83 Nature and circuitry of orofacial motor actions Kleinfeld, David 2 
85 Neural circuit reconstruction through synapse barcoding Kohman, Richie 2 
87 Mathematical modeling and computational studies of human 

seizure initiation and spread 
Kramer, Mark 2 

89 Pathway-specific encoding of actions and outcomes in 
dorsomedial striatum  

Kreitzer, Anatol 2 

91 Visual cortical neural circuits for compositional learning 
and inference 

Lee, Tai-Sing 2 

93 Brain signatures of individual differences in reading for 
understanding of STEM texts  

Li, Ping 2 

95 Inferring large-scale brain networks and pathways Luo, Xi 2 
97 Graph theoretical analysis of the effect of brain tumors on 

functional MRI networks 
Makse, Hernan 2 

99 Analysis of the mammalian olfactory code Matsunami, Hiro 2 

101 Massively parallel electrode arrays as neural interfaces Melosh, Nicholas 2 
103 Self-motile electrodes for three-dimensional, non-

perturbative recording and stimulation 
Melosh, Nicholas 2 

105 Workshops on methods and infrastructure for scalable 
computing in neuroscience 

Michael, Lauren 2 

107 Multimodal co-registration of whole-brain histological data 
and anatomical atlases using diffeomorphic metric mapping 

Mitra, Partha 2 

109 Microscale optically transduced electrode sites Molnar, Alyosha 2 
111 Wide-field imaging using genetically encoded voltage 

sensors in awake rodents 
Morrissette, Arthur 2 

113 Integrated optical switch for optogenetic applications  Myers, Benjamin 2 
115 Light microscopy tools automated mapping of cell density, 

morphology and connectivity in the rodent brain 
Narasimhan, Arun 2 

117 Adaptive algorithms for suppression of neural biomarkers 
with deep brain stimulation 

Netoff, Theoden 2 

119 Integrated multichannel system for transcranial magnetic 
stimulation and parallel magnetic resonance imaging 

Nummenmaa, Aapo 2 

121 Genetically encoded reporters of integrated neural activity 
for functional mapping of neural circuitry 

Or, Grace 2 
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Board 
No. 

Title Presenter Name Session 
No. 

123 A scalable solution for processing high-resolution brain 
connectomics data 

Pascucci, Valerio 2 

125 Mechanisms of TMS via interleaved TMS/fMRI Peterchev, Angel 2 
127 Development and validation of empirical models of the 

neuronal population activity underlying non-invasive human 
brain measurements 

Petridou, Natalia 2 

129 Cortical circuit mechanisms underlying sensorimotor 
behavior 

Pho, Gerald 2 

131 Multi-modal sensory perception Pohlmeyer, Eric 2 
133 Invasive approach to model human cortex-basal ganglia 

action-regulating networks 
Pouratian, Nader 2 

135 Large-scale 3D EM data collection and analysis: Towards 
mm3 cortical circuit reconstruction 

Reid, R. Clay 2 

137 Subthalamic and corticosubthalamic coding of speech 
production 

Richardson, Mark 2 

139 Multiplexed multiphoton interrogation of brain 
connectomics 

Rishoj, Lars 2 

141 All-optical methods for studying sequential motor behaviors Roberts, Todd 2 
143 Wide deployment of massively multiplexed nanosystems for 

brain activity mapping 
Roukes, Michael 2 

145 Studying the mechanisms of ultrasonic neuromodulation in 
vitro and in vivo 

Sato, Tomokazu 2 

147 High-speed optical recording of neural spikes and voltage 
dynamics in awake mice and flies 

Schnitzer, Mark 2 

149 An optical-genetic toolbox for reading and writing neural 
population codes in functional maps 

Seidemann, Eyal 2 

151 Molecular functional ultrasound Shapiro, Mikhail 2 
153 Diagnosis of Alzheimer’s disease using dynamic high-order 

brain networks 
Shen, Dinggang 2 

155 Learning spatiotemporal statistics from the environment in 
recurrent networks 

Shouval, Harel 2 

157 Identification of enhancers whose activity defines types of 
cortical interneurons 

Sohal, Vikaas 2 

159 Large-scale, simultaneous intracellular recording and 
stimulation of neural activity 

Spira, Micha 2 

161 Dynamic changes in brain network activation during 
emotional face processing in the developing brain 

Stamoulis, Catherine 2 

163 Remote regulation of neural activity Stanley, Sarah 2 
165 Integrated multimodal chemical analysis of well-defined 

brain regions and selected cells 
Sweedler, Jonathan 2 

167 Imaging serotonin neuromodulation with a genetically 
encoded fluorescent indicator 

Tian, Lin 2 

169 Genetically encoded localization modules for targeting 
activity probes to specific subcellular sites in brain neurons 

Trimmer, James 2 

171 Quantifying cybersickness in virtual reality using EEG Varshney, Amitabh 2 
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Board 
No. 

Title Presenter Name Session 
No. 

173 Developing novel mouse models for CRE-dependent sparse 
labeling and morphological reconstruction of genetically-
defined neurons 

Veldman, Matthew 2 

175 NeuroData: Enabling terascale neuroscience for everyone Vogelstein, Joshua 2 
177 Magnetic particle imaging (MPI) for functional brain 

imaging in humans 
Wald, Lawrence 2 

179 Multiscale photoacoustic tomography of neural activities 
with GCaMP calcium indicators 

Wang, Lihong 2 

181 Neural decoding using Markov decision processes Warren, David 2 
183 Nontoxic transsynaptic tracers Wickersham, Ian 2 
185 Anterograde monosynaptic tracing Wickersham, Ian 2 
187 Conserved enhancer screen for patterned gene expression 

following systemic AAV delivery 
Williams, Philip 2 

189 Nanodevice-mediated functional MRI Wong, Eric 2 
191 Optogenetic tools for light-induced local translation Wu, Jiahui 2 
193 BRAIN-EAGER: New tools for real-time and molecular 

imaging of synapses  
Xu, X. Nancy 2 

195 Optogenetic signaling inhibitors for studying brain plasticity Yasuda, Ryohei 2 
197 Wearable transcranial focused ultrasound system for region-

specific functional neuromodulation 
Yoo, Seung-Schik 2 

199 Novel thermo-genetic tools for extrinsic control of neuronal 
circuits. 

Zars, Troy 2 

2 New biosensors for multiplex in vivo imaging of signaling 
activities during synaptic plasticity 

Zhang, Jin 2 

2 Building the next generation of miniaturized microscopes 
for calcium imaging in freely behaving mice 

Aharoni, Daniel 3 

4 Data pipeline for large-scale recording Angle, Matt 3 
6 Multi-site non-invasive magnetothermal excitation and 

inhibition of deep brain structures 
Anikeeva, Polina 3 

8 Aerobic fitness and brain plasticity Barbey, Aron 3 
10 An integrative definition of cell types during human cortical 

neurogenesis 
Bhaduri, Aparna 3 

12 FPGA accelerator for real-time simulation and analysis of 
neural data 

Blair, Hugh 3 

14 Whole-brain electron microscopy of Drosophila 
melanogaster 

Bock, Davi 3 

16 Micro-TMS technology for ultra-focal brain stimulation Bonmassar, Giorgio 3 
18 Classification of schizophrenia using data mining 

techniques on EEG data 
Brisk, Philip 3 

20 BrainLab CI: Collaborative, community experiments with 
data-quality controls through continuous integration 

Burns, Randal 3 

22 Wireless recording in the nervous system with ultrasonic 
neural dust 

Carmena, Jose 3 
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Board 
No. 

Title Presenter Name Session 
No. 

24 A robust, simple adaptive optics module for multiphoton 
microscopy of the brain 

Chen, Anderson 3 

26 Focused electrical stimulator for targeted neuromodulation Choa, Fow-Sen 3 
28 The molecular interactome of the synapse Comoletti, Davide 3 
30 Assaying neural individuality and variation in freely 

behaving people based on qEEG 
Contreras-Vidal, 
Jose 

3 

32 National science foundation industry/university 
collaborative research center on building reliable advances 
and innovation in neurotechnology (BRAIN) 

Contreras-Vidal, 
Jose 

3 

34 ARIADNE: Algorithms for representation and inference 
informed by the acquisition of data from neuroscience 
experiments 

Cox, David 3 

36 Emergent dynamics from network connectivity: A minimal 
model 

Curto, Carina 3 

38 Multi-scale high-aspect ratio structures (HARS) for brain 
cell connectivity 

DeCoster, Mark 3 

40 Convergent sensory-motor pathways for voluntary and 
reflexive behaviors 

Dickinson, Michael 3 

42 Sensing neuronal action potentials with de novo designed 
redox proteins 

Discher, Bohdana 3 

44 Danionella translucida: A new model organism for systems 
neuroscience 

Douglass, Adam 3 

46 Dynamic network computations for foraging in an uncertain 
environment 

Dragoi, Valentin 3 

48 In situ transcriptional analysis of hypothalamic behavior 
circuits at single-cell resolution 

Dulac, Catherine 3 

50 Neural circuits in zebrafish: Form, function and plasticity  Engert, Florian 3 
52 Grasp force control with somatosensory feedback in a 

brain–computer interface 
Flesher, Sharlene 3 

54 High-density microfiber interfaces for deep brain optical 
recording and stimulation 

Gardner, Tim 3 

56 High-density recording and stimulating microelectrodes Gardner, Tim 3 
58 Multiscale imaging of spontaneous activity in cortex: 

Mechanisms, development and function 
Ge, Xinxin 3 

60 Behavioral adaptation to variance in sensory input Gershow, Marc 3 
62 A bias-variance trade-off that governs individual variability 

in learning and decision-making 
Gold, Joshua 3 

64 Elements of optical readout and control of population neural 
activity 

Gong, Yiyang 3 

66 An acousto-optic lens microscope for high-speed 3D two-
photon imaging with real-time movement correction 

Griffiths, Victoria 3 

68 Using computational cognitive neuroscience to predict and 
optimize memory 

Gureckis, Todd 3 

70 Brain networks as effective connectivity Hanson, Stephen 3 
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Board 
No. 

Title Presenter Name Session 
No. 

72 Advances in multi-area two-photon microscopy for studying 
long-distance communication between multiple local brain 
circuits 

Helmchen, Fritjof 3 

74 Structure guided design of photoselectable 
channelrhodopsins 

Hires, Samuel 3 

76 Label-free observation of neural connectivity Hu, Chenfei 3 
78 Human neocortical neurosolver Jones, Stephanie 3 
80 Integrating neural interfaces and machine intelligence for 

advanced neural prosthetics 
Katyal, Kapil 3 

82 BRAIN: EAGER: Memory reactivation in neural circuits 
over long, continuous timescales 

Kemere, Caleb 3 

84 Directing neural plasticity to treat network disorders Kilgard, Michael 3 
86 Brainstem circuitry for the coordination of orofacial motor 

actions into behavior 
Kleinfeld, David 3 

88 Detection of action potential propagation by multi-electrode 
arrays 

Kosik, Kenneth 3 

90 Neuromodulation by transcranial current stimulation Krekelberg, Bart 3 
92 Optogenetic mapping of synaptic activity and control of 

intracellular signaling 
Lin, John 3 

94 Embedded ensemble encoding (EEE) theory Lytton, William 3 
96 Progress in imaging neuromodulation signaling pathways in 

vivo 
Mao, Tianyi 3 

98 The role of patterned activity in neuronal codes for behavior Maunsell, John 3 
100 Distinct global brain dynamics and spatiotemporal 

organization of the salience network 
Menon, Vinod 3 

102 Differential Brd4-bound stretch enhancers drive critical sex 
differences in GBM phenotype 

Mitra, Robi 3 

104 Sequencing of the entire brain at single-neuron resolution 
(brain-seq): From NeuroSystematics to genealogy of 
neurons  

Moroz, Leonid 3 

106 Vertically integrated approach to visual neuroscience: 
Microcircuits to behavior 

Mu, Shang 3 

108 Genomic approaches to characterizing neuronal cell types 
across mammals 

Nelson, Sacha 3 

110 Classification of cortical neurons by single-cell 
transcriptomics 

Ngai, John 3 

112 High-bandwidth wireless interfaces for continuous human 
intracortical recording  

Nurmikko, Arto 3 

114 Brain-on-a-chip for traumatic brain injury drug discovery Omelchenko, Anton 3 
116 Tools for automated mapping of cell density, morphology 

and connectivity in the rodent brain 
Osten, Pavel 3 

118 High-density carbon fiber electrode array for the detection 
of electrophysiological and dopaminergic activity 

Patel, Paras 3 

120 Quiet TMS: A low-acoustic-noise transcranial magnetic 
stimulation system 

Peterchev, Angel 3 
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Board 
No. 

Title Presenter Name Session 
No. 

122 Correlating anatomy and function with gene expression in 
individual neurons by combining in vivo labeling, patch 
clamp, and single-cell RNA-seq 

Pfeffer, Carsten 3 

124 Genetically encoded voltage indicator development Pieribone, Vincent 3 
126 Improving human fMRI through modeling and imaging 

microvascular dynamics 
Polimeni, Jonathan 3 

128 Sub-millisecond optically triggered compound release to 
study real-time brain activity 

Qin, Zhenpeng 3 

130 Multimodal modeling framework for fusing structural and 
functional connectome data 

Raj, Ashish 3 

132 A computational neuroscience framework for olfactory 
scene analysis within complex fluid environments 

Reidenbach, 
Matthew 

3 

134 Behavioral readout of spatiotemporal codes dissected by 
holographic optogenetics 

Rinberg, Dmitry 3 

136 Toward spatiotemporal control of large neural networks 
using high-dimensional optimization 

Ritt, Jason 3 

138 Genetic tools and imaging of cholinergic engrams of anxiety Role, Lorna 3 
140 Modular nanophotonic probes for dense neural recording at 

single-cell resolution 
Roukes, Michael 3 

142 Whole brain imaging in freely behaving animals Samuel, Aravinthan 3 
144 Effects of transcranial direct current stimulation (tDCS) on 

human regional cerebral blood flow 
Schlaug, Gottfried 3 

146 Large-scale, high-density polymer neural probe arrays Scholten, Kee 3 
148 Spatially controlled in vivo optogenetic light stimulation and 

recording via imaging fiber bundles 
Sengupta, Parijat 3 

150 Distribution of content in recently viewed scenes whitens 
perception 

Shafto, Patrick 3 

152 Near-infrared genetically encoded voltage indicators (NIR-
GEVIs) for all-optical electrophysiology (AOE) 

Shcherbakova, Daria 3 

154 Chemogenetic dissection of neuronal and astrocytic 
compartment of the BOLD signal 

Shih, Yen-Yu 3 

156 Characterizing longitudinal morphometric brain changes in 
asymptomatic at-risk preclinical AD individuals 

Singh, Vikas 3 

158 Toward a complete description of the circuitry underlying 
memory replay 

Soltesz, Ivan 3 

160 Modeling the impact of magnetic fields on injected currents 
in the brain 

Sprachman, Melissa 3 

162 Next-generation neural data analysis (NGNDA) platform: 
Massive parallel analysis of multi-modal brain networks 

Stamoulis, Catherine 3 

164 A unified computational framework for analysis, storage, 
and visualization of 3D brain microscopy data 

Stein, Jason 3 

166 A photoconvertible genetically encoded glutamate indicator 
for neuronal imaging 

Tian, Lin 3 

168 Intracortical visual prosthesis: The clinical trial Troyk, Philip 3 
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Board 
No. 

Title Presenter Name Session 
No. 

 

 

170 A microfluidic MEMS approach to study force-induced 
changes in neurons 

Turner, Kimberly 3 

172 Miniature, integrated, and mass-producible fluorescence 
microscopes for in vivo brain imaging in freely behaving 
rodents 

Visscher, Koen 3 

174 Noninvasive modulation of human memory networks Voss, Joel 3 
176 Rapid electrode multiplexing for scalable neural recording Walker, Ross 3 
178 Deep brain photoacoustic tomography at single-neuron 

resolution using arrays of photonic emitters and high-
frequency ultrasound transducers 

Wang, Lihong 3 

180 Motor neurons in Drosophila flight control: Could b1 be the 
one? 

Whitehead, Samuel 3 

182 A platform for high-throughput production of targeting 
systems for cell-type-specific transgene expression in wild-
type animals 

Wickersham, Ian 3 

184 Cell-type-specific transgene expression in wild-type animals Wickersham, Ian 3 
186 Acoustoelectric brain imaging of deep dipole sources in a 

human head phantom 
Witte, Russell 3 

188 Imaging in vivo neurotransmitter modulation of brain 
network activity in real time 

Wong, Dean 3 

190 Potentiometric photoacoustic imaging of brain activity 
enabled by near infrared to visible light converting 
nanoparticles 

Xia, Jun 3 

192 Non-invasive deep tissue optogenetic activation with time-
reversed ultrasound-encoded (TRUE) optical focusing 

Yang, Changhuei 3 

194 Massive-scale multi-area single neuron recordings to reveal 
circuits underlying short-term memory 

Yildirim, Murat 3 

196 Fiberless high-density optoelectrodes for local circuit 
analysis 

Yoon, Euisik 3 

198 Single-cell methylome sequencing of identified cortical 
projection cell types  

Zhang, Zhuzhu 3 
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Dexterous Brain-Machine Interfaces for Tetraplegic Humans Utilizing Somatosensory Cortex 
Stimulation 
Andersen, Richard; Kellis, Spencer; Salas, Michelle; Jafari, Matiar; Bashford, Luke; Pejsa, Kelsie; Jo, 
HyeongChan; Liu, Charles; Lee, Brian; Heck, Christi; Aisen, Mindy 
Poster 2, Session 1 

This project will advance both the scientific understanding of grasp processing in human cortex and the 
development and implementation of bidirectional brain-machine interfaces (BMIs) to assist patients with 
movement disorders. Reach-to-grasp and hand manipulation will be studied in tetraplegic humans with 
neural recordings and intracortical microstimulation (ICMS) through multielectrode arrays (MEAs). 
Recordings will be performed within the cortical grasp circuit with MEAs implanted in two grasp-related 
areas, the ventral premotor cortex (PMv) and the anterior intraparietal area (AIP) of the posterior parietal 
cortex (PPC). ICMS will be delivered to Brodmann’s area 1 (BA1) of the somatosensory cortex. 

We will compare recordings from PMv and AIP to determine how grasping is processed by these two 
areas. While we have examined AIP for grasp decoding in humans (Aflalo et al., Science 2015; Klaes et 
al., J. Neurosci. 2015), MEA recordings have never been made from PMv in humans. We will test the 
hypothesis that AIP is more concerned with high-level goals and PMv more with motor trajectories. 
These results will be important for selecting areas for implantation for future neuroprosthetics 
development. 

We will also examine the tactile cues that can be provided by ICMS. We hypothesize that useful 
somatosensory percepts will be produced by varying the ICMS parameters. These findings will be used to 
design a bidirectional BMI that combines decoding of neural signals from AIP and PMv with ICMS for 
somesthetic feedback. Tasks will be used to test the bidirectional BMI’s performance, including brain-
control tasks using ICMS stimulation without visual feedback, development of learning-based 
proprioception, and manipulandum tasks that implement force feedback for adjusting grasp.  
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Dynamic Neural Mechanisms of Audiovisual Speech Perception 
Beauchamp, Michael; Mesgarani, Nima; Mégevand, Pierre; Magnotti, John; Horga, Guillermo; Bosking, 
William; Hamberger, Marla; Schevon, Catherine; Smith, Elliot; Jacobs, Joshua; Yoshor, Daniel; Sheth, 
Sameer; Mehta, Ashesh; Schroeder, Charles E. 
Poster 6, Session 1 

Speech is fundamentally human, and thus, its brain mechanisms are usually studied with noninvasive 
fMRI, EEG, and MEG. Because each method has critical limitations in spatial or temporal resolution, 
identifying the specific brain mechanisms of speech perception—AV integration, precise and rapid 
information encoding, and top-down control—is a nearly intractable problem. We will sidestep the 
problem using direct recording of electrocorticographic (ECoG) and single-neuron activity, along with 
direct stimulation of selected sites, in the brains of surgical epilepsy patients as they process AV speech. 
Our collaborative ECoG team combines three epilepsy centers, at Columbia University Medical Center, 
Baylor College of Medicine, and Hofstra-Northwell Health Medical Center. By combining the expertise 
and patients available at all three centers, we will be able to tackle problems that are inaccessible to 
individual investigators. Our overarching hypothesis is that fluctuations in the excitability of neurons—
oscillations—play a key role in speech processing. Aim 1 tests the general hypothesis that delta-/theta-
range (2–8 Hz) neuronal oscillations play a key role in the integration of auditory and visual speech 
information. Aim 2 tests the general hypothesis that high-frequency activity (50 Hz and above) encodes 
representations of auditory and visual speech information, reflecting both bottom-up and top-down 
influences on perception. The concept employed in this proposal of oscillatory dynamics as mechanistic 
instruments (Aim 1) that organize the encoding of information in neuronal firing patterns under dynamic 
top-down control (Aim 2) is part of a paradigm shift in speech science. In the longer term, we hope to 
contribute key foundations for this new paradigm and to set the stage for a comprehensive understanding 
of the brain circuits and physiological processes underlying natural speech perception, including complex 
social settings. 

 

Wireless Photometry for In Vivo Behavioral Studies 
Bhatti, Dionnet; Lu, Luyao; Xia, Li; Gutruf, Philipp; Rogers, John; Bruchas, Michael 
Poster 8, Session 1 

The goal of this project is to develop a robust, minimally invasive wireless photometry system for in vivo 
calcium measures in freely moving behavior. To achieve this, a miniaturized, wireless, “injectable” 
photometry platform (~300 mm wide, ~100 mm thick and several mm long) that enables quantitative 
measurements of fluorescence stimulated using a high-performance microscale inorganic light-emitting 
diode (μ-ILED) and captured using a co-located, sensitive microscale inorganic photodetector (μ-IPD) is 
proposed. These devices directly address current limitations in measuring calcium transient activity 
within any environment and facilitate sensing of genetically defined neural networks in more 
ethologically relevant behaviors. These small-scale device components will mount on thin, flexible 
filaments with overall dimensions significantly smaller than fiber optic cables. The resulting systems will 
greatly reduce motion artifacts, due to their direct integration at targeted regions of the brain; when 
implemented using wireless schemes for power delivery and data communication, they will allow 
complete freedom of motion of awake, behaving animals, suitable for use in complex, three-dimensional 
environments and in socially interacting animals. Preliminary data from using hard-wired versions of 
these technologies and separate demonstrations of wireless implantable platforms establish feasibility of 
the foundational concepts.  



 

 
17 

 

Intrabody-Dependent Activation of Cell-Specific Gene Expression in CNS 
Blackshaw, Seth; Venkataraman, Anand; Koide, Shohei; Koide, Akiko; Campbell, Elliot; Anderson, 
Stephen 
Poster 10, Session 1 

Individual CNS cell types can be labeled and manipulated using transgenic and knock-in animals, but this 
approach is slow, expensive, and limited in scope. Furthermore, it cannot be applied to higher primates or 
humans. We aim to develop an approach that will allow the selective targeting of individual CNS cell 
types in wildtype individuals from a range of mammalian species. This is a modification of a technology 
known as CRE-DOG that uses pairs of camelid nanobodies to scaffold assembly of functional split Cre 
recombinase in the presence of GFP. We will use this general approach to target endogenous cell 
subtype–specific transcription factors using Fn3-based recombinant monobodies, which can be rapidly 
produced and screened in vitro, and use these to induce assembly of split Cre and Dre recombinase. These 
reagents can then be used to induce cell-specific activation of expression of reporter and effector 
constructs delivered by electroporation or viral vector. As proof of principle for this approach, we have 
used Fn3-based pairs of anti-GFP monobodies to scaffold assembly of split Cre in vivo. We have also 
generated pairs of monobodies against cell-specific retinal transcription factors and are now testing 
whether these can scaffold assembly of functional Cre recombinase. We are currently developing 
expression constructs that allow Cre-dependent expression of these reagents to avoid potential disruptive 
effects of monobody expression, and we will demonstrate that these reagents direct cell-specific Cre 
activation in both cell lines and neonatal mouse retina. Our ultimate goal is to generate a toolbox of 
reagents that will enable selective activation of reporter and effector constructs in the major cell types of 
retina and cerebral cortex in both mice and humans. 

 

Vascular Neural Interfacing 

Boyden, Ed; Derdeyn, Colin; Desimone, Robert; Edelman, Elazer; Fischl, Bruce; Grossman, Nir; 
Leuthardt, Eric; Linghu, Changyang; Marblestone, Adam; Orbach, Darren; Polimeni, Jon; Shepard, 
Kenneth; Stanton, John; Talei Franzesi, Giovanni; Wentz, Christian 
Poster 12, Session 1 

The goal of our project is to develop a minimally invasive neural interface for humans: wirelessly 
powered and controlled devices that, like stents, sit within blood vessels, but that stimulate and record 
neural activity through blood vessel walls (so that no device actually enters the brain tissue itself). Over 
the past year, our network has made significant progress on the design, generation, and testing of vascular 
neural interfaces, including (1) improved stent-borne electrode designs, (2) flexible silicon electronics for 
mediating communication to and from these electrodes, and (3) initial in vivo demonstrations. Along the 
first line of work, we designed stents with novel materials and geometry to be compatible with 
radiofrequency energy delivery and that can be easily delivered in vivo through tortuous vascular paths to 
brain targets. We also designed optimized electrode geometries for recording and stimulation. Along the 
second line of work, we designed and implemented an integrated circuit small enough to be vascularly 
delivered to blood vessels ~1 mm in diameter, while capable of chronic operation through wireless power 
and communication. The resulting platform is capable of biphasic electrical stimulation, 
electrophysiological recording, and potentially other neural sensing modalities. The 250 x 1500 micron IC 
was fabricated by Taiwan Semiconductor, then thinned to just 5–6 microns, rendering it flexible—and 
enabling advanced CMOS design and performance to meet the mechanically demanding requirements of 
vascular interfacing. Finally, we developed surgical procedures for a small animal (rabbit) vascular 
model, allowing us to target vessels as small as ~1 mm. We are now working to demonstrate reliable 
stimulation of specific sets of neurons from devices implanted within specific arteries or veins. 
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Next-Gen Opto-GPCRs 
Bruchas, Michael; Sunahara, Roger 
Poster 14, Session 1 

The emerging field of optogenetics—using light to engage biological systems—holds tremendous 
promise for dissection of neural circuits, cellular signaling, and manipulating neurophysiological systems 
in awake, behaving animals. However, the technological limits for implementing optogenetics in 
dissecting neuromodulators in awake, freely moving behavior is clear while working with paradigms that 
require discrete spatiotemporal control of receptor signaling and when investigating neural circuits that 
have very small, diverse, “hard to reach” architecture, such as heterogeneous brain nuclei. Current 
technology lacks a full tool box for multiplexed, subcellular, spatiotemporal control of G protein–coupled 
receptor signaling, the predominant means for neuromodulator communication in the brain. For these 
reasons, an innovative effort combining neuroscience with biochemistry and pharmacology was necessary 
in order to bring spatial-temporal in vitro and in vivo control over GPCR- neuromodulator signaling. The 
central goal of this proposal is to develop cutting-edge v2.0 Opto-XR receptors that spatially and 
temporally control neuromodulator signaling in vitro and in freely moving animals. In the two specific 
aims, we will develop and test these novel tools in vitro and in vivo: (1) to develop mutant Gi and Gs 
Opto-XR v2.0 receptors with greater signaling dynamics and altered color spectra and sensitivity using 
structure-function analyses and thorough in vitro characterization; and (2) to develop utility and 
characterize Gi and Gs versions of Opto-XR v2.0 constructs in vivo and in models of freely moving 
behavior, using both traditional and wireless optogenetic approaches. This new technology will also 
further widen the field for approaches that are capable of discrete control and optodynamic simulation of 
neuromodulator function in brain tissue. 

 

Central Thalamic Brain Stimulation for Traumatic Brain Injury 
Butson, Christopher R.; Schiff, Nicholas; Giacino, Joseph; Henderson, Jaimie; Machado, Andre 
Poster 16, Session 1 

Traumatic brain injury (TBI) is a leading cause of death and long-term disability worldwide, due in part to 
a lack of effective treatment options. Successful treatment of residual functional disability arising from 
mental processing speed and executive function deficits has the potential for tremendous impact, 
including improved quality of life for patients with chronic cognitive impairments. Our working 
hypothesis is that central thalamic deep brain stimulation (CT-DBS) can provide effective functional 
improvements through activation of the down-regulated frontostriatal systems that result from moderate 
to severe TBI. Since the investigators meeting last year, we have obtained an Investigational Device 
Exemption from the Food and Drug Administration and are preparing to begin enrollment. We have 
completed initial development of our image processing and computational modeling pipelines to assist 
pre-surgical target identification and electrode placement. Patient-specific thalamic segmentations along 
with tractography generated from diffusion tensor imaging will be used to identify our stimulation target 
(medial dorsal tegmental tract). The tractography will be integrated with our virtual DBS simulation 
environment to analyze the effects of stimulation on the target fiber pathway to guide placement of the 
electrode. Similar models will be used to guide post-operative programming and titration of effective 
stimulation parameters. Our initial computational model is based on our prior human (Schiff et al., 
Nature, 2007) and non-human primate (Baker et al. 2016) studies. As we accrue and integrate data on 
each successive patient, we plan to continuously iterate the model to increase its precision, improve 
therapeutic effectiveness, and facilitate scientific understanding of the pathophysiology of TBI and the 
neurobiology of recovery.  
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Multi-Scale Observations for Establishing a Dose Response for Ultrasound Neuromodulation 
Chen, Limin; Gore, John; Xiang, Zixiu; Grissom, William; Kang, Hakmook; Yang, Pai-Feng; Phipps, 
Tony; Caskey, Charles 
Poster 18, Session 1 

Ultrasound (US) neuromodulation is currently being explored by many laboratories for its potential to 
provide spatially selective non-invasive neuromodulation. Although feasibility has been demonstrated in 
multiple animal models, underlying mechanisms remain unknown and complex acoustic interactions 
within the skull can confound interpretations of animal experiments. In this project, we seek to assess 
cellular mechanisms of US neuromodulation and relate these to observations in mice and non-human 
primates. First, we will test a recently proposed model of US neuromodulation at the cellular level, using 
patch clamp methods on pyramidal and interneurons, which have differing characteristics that we 
hypothesize will cause them to respond differently to US. We will then translate this work to mice while 
measuring electrophysiological outputs and blood-oxygen-level-dependent functional magnetic resonance 
imaging (BOLD fMRI). These experiments will allow us to assess whether findings at the cellular level 
hold in the whole animal and also to test the effects of US neuromodulation in the somatosensory network 
using BOLD fMRI and electrophysiological readouts. In our final aim, we will use an array-based US 
neuromodulation system that is currently being developed in our lab to evoke activation patterns and 
investigate the fine-, middle-, and long-range circuits in monkeys. This system can generate millimeter-
scale foci through the monkey skull, enabling exploration of the well-studied somatosensory system that 
is homologous to that in humans. By integrating these multi-scale observations, this project will yield 
improved understanding of the cellular interactions of US with neurons, quantitative assessments of 
electrophysiological and BOLD fMRI activity that occurs at the network level, and an improved 
understanding of the parameter space that elicits US neuromodulation.  
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Ultrasound Neuromodulation in Non-Human Primates 
Chaplin, Vandiver; Chen, Limin; Cosman, Josh; Grissom, William; Newton, Allen; Phipps, Tony; Schall, 
Jeffrey; Yang, Pai-Feng; Zinke, Wolf; Caskey, Charles 
Poster 20, Session 1 

Brain stimulation is an effective approach to study neural circuits; however, all stimulation methods to 
date are either highly invasive (intracortical electrical stimulation or pharmacological stimulation) or have 
poor spatial resolution (transcranial magnetic stimulation or direct current stimulation). Focused 
ultrasound (FUS) has the potential to provide non-invasive neuromodulation with high spatial resolution 
throughout the brain. In this study, we have developed and applied tools to stimulate the non-human 
primate cortex while observing changes in behavior and blood-oxygen-level-dependent functional 
magnetic resonance imaging (BOLD fMRI). We have done this in two non-human primate models: 
frontal eye field (FEF) and somatosensory cortex. In one study, we applied ultrasound to FEF while 
monkeys performed a visual search task to shift gaze to a target among distractors. In these studies, FUS 
stimulation with 425 kPa slowed the saccade response time by 5 ms compared with natural response in a 
spatially specific manner. We also noted an amplitude-dependent reduction of an event-related potential 
in the visual cortex. We have also applied ultrasound to the macaque S1/S2/insula region during fMRI, 
using the stereotactic frame developed as part of this project. The system holds the monkey in place in the 
sphinx position within our human 7T MRI and can accommodate a single-element neuromodulation 
transducer. We detected reproducible tactile stimulus–evoked BOLD fMRI activations in expected S1 and 
S2 regions. When targeting the ultrasound beam at S2/insula region, fMRI signal changes were detected 
at the stimulated region as well as in S1 and other regions. Stimulation effects appeared to be robust and 
spread on multiple adjacent image slices. Our findings demonstrate the feasibility and effectiveness of 
FUS modulation in monkeys and the ability to track these changes using standard behavioral, 
electrophysiological, and fMRI measurements.  
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Integrated fMRI Methods to Study Neurophysiology and Circuit Dynamics at Laminar and 
Columnar Levels 
Chen, Wei; Ugurbil, Kamil; Zhu, Xiao-Hong; Rajamani, Rajesh; Yang, Zhi; Krook-Magnuson, Esther; 
Thomas, Mark 
Poster 22, Session 1 

This project aims to push the envelope of the functional MRI (fMRI) technology base on the blood 
oxygenation level-dependent (BOLD) contrast through developing innovative multimodal neuroimaging 
approaches capable of simultaneous neural stimulation, recording, and ultrahigh-resolution fMRI 
mapping with excellent fidelity and specificity down to the mesoscopic scale. The cutting-edge 
technology and developed tools will be used to investigate the capability of fMRI for mapping the 
stimulation-evoked brain activation and the resting-state functional connectivity at columnar and cellular 
laminar levels—the two most fundamental neural computational assemblies, essential for brain function 
and information processing—while still covering large-scale networks, including the thalamo-cortical and 
cortico-cortical connections in the animal brain, at anesthetized and awake states. The proposed research 
will overcome the current technical barriers and significantly reinvigorate multimodal fMRI technologies 
at ultrahigh magnetic field. This advancement will open up new opportunities to perform cutting-edge 
research in addressing challenging neuroscience questions. The research will elucidate new knowledge 
about the electrophysiology basis and neural correlate of the fMRI BOLD signal at the mesoscopic scale 
and, more importantly, how the brain functions at the microcircuit and network levels. Such knowledge is 
not available from the human brain but should lead to transformative breakthroughs in understanding 
dynamic functions of the human brain and the electrophysiology basis and mapping specificity of fMRI to 
a new level. Moreover, we will develop the cutting-edge technology using the metal-free, MRI-
compatible microelectrodes integrated with a miniaturized electric control device for neural stimulation 
and recording in the MRI scanner. This technology may have potential in translation application, for 
instance, for making a more effective and safer deep brain stimulation device for benefiting patients. 

 

Heritability of Large-Scale Functional Brain Networks via Persistent Homology 
Chung, Moo; Vilalta-Gil, Victoria; Rathouz, Paul; Lahey, Benjamin; Zald, David 
Poster 24, Session 1 

The twin study design offers a very effective way of determining the heritability of the human brain. The 
difference in variability between monozygotic and same-sex dizygotic twins can be used to determine the 
heritability of an imaging-based phenotype at each voxel. Except for a few well-known neural circuits, 
the extent to which heritability influences the brain network is not well established. Compared to many 
existing studies on univariate phenotypes in brain imaging, there are not many studies on the heritability 
of brain networks. Measures of network topology and features may be worth investigating as intermediate 
phenotypes or endophenotypes. However, the existing brain network analysis has not yet been adapted for 
this purpose. Determining the extent of heritability of brain networks with large numbers of nodes is the 
first necessary prerequisite for identifying network-based endophenotypes. This requires constructing the 
large-scale brain networks by taking every voxel in the brain as network nodes with at least a billion 
connections, which is a serious computational bottleneck. We propose to map the heritability of large-
scale brain networks by taking every voxel in images as network nodes using persistent homology and 
sparse network models. By exploiting the topological structure of data, we show that it is possible to 
bypass the bottleneck and learn networks with a billion connections without much computational 
resource. This is a joint work with Paul Rathouz of the University of Wisconsin–Madison, David Zald of 
Vanderbilt University, and Benjamin Lahey of the University of Chicago.  
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Engineering Faster Genetically Encodable Calcium Indicators for Spike Counting 
Applegate, Marissa; Rebola, Nelson; Couchman, Kiri; Kislin, Mikhail; Bakshinskaya, Dariya; Lynch, 
Laura; DiGregorio, David; Wang, Samuel 
Poster 26, Session 1 

The efficiency of genetically encodable calcium indicators (GECIs) to extract spike activity is limited by 
slow rise times and long decay times in response to single action potentials (APs). We are working to 
improve the kinetics of Fast-GCaMPs, a family of fast-responding GECIs, through mutagenesis of the 
calmodulin domain and its intramolecular binding partners. Screening of novel GECI variants was 
performed using stopped-flow fluorimetry on purified protein, followed by ex vivo and in vivo 
measurements using AAV-driven conditional expression strategies. The AAV vectors also encode a 
second color fluorescent protein to better identify GCaMP-expressing cells. Our mutagenesis strategies 
have yielded variants that exhibit sub-micromolar affinity for calcium and show accelerated rise kinetics 
and a six-fold acceleration of decay kinetics over GCaMP6f (to a half-decay time of 8 ms at 37°C). AP-
evoked calcium transients in parallel fiber boutons exhibited faster decay kinetics, but only moderate 
improvements in rise times, for the sub-micromolar affinity indicators. We have also made a 2.5 μM-
affinity indicator that may give superior spike readout properties due to faster kinetics and reduced 
buffering of calcium signals. We are currently performing experiments in boutons, using organic 
indicators of similar affinity, and fitting these results to a computational simulation to guide strategies for 
AP readout using low-affinity Fast-GCaMPs. 

 

High-Throughput Large-Field Deep Tissue Imaging by Multi-Pupil Adaptive Optics 
Cui, Meng; Gan, Wenbiao 
Poster 28, Session 1 

Delivery of a high-quality optical focus within live tissue is a prerequisite for in vivo high-resolution 
imaging. As a result of the inhomogeneous distribution of refractive index inside biological tissues, the 
optical wavefront is distorted, and this factor limits high-quality imaging to superficial layers. Recent 
advances in wavefront engineering have enabled imaging with diffraction-limited resolution through 
highly scattering tissues. Position-dependent wavefront distortions set a limit to the effective imaging 
field of view (FOV), which severely limits imaging throughput. Many applications, including large-scale 
recording of neural network activity, require a solution to this problem. Here we report a novel technique, 
which we call Multi-Pupil Adaptive Optics (MPAO), that provides a robust and scalable solution by 
enabling simultaneous parallel wavefront compensation over a large FOV. We show the superior 
performance of MPAO in high-resolution large-FOV deep-tissue imaging, including in vivo dynamic 
imaging of microglia and structural and calcium imaging of neural networks in the mammalian brain.  



 

 
23 

 

Neural Correlates of Spontaneous Mouse Behavior 
Peterson, Ralph; Markowitz, Jeff; Neufeld, Shay; Mandelbaum, Gil; Sabatini, Bernardo; Datta, Sandeep 
Poster 30, Session 1 

The basal ganglia are thought to mediate the process of action selection by which an animal chooses what 
to do next, depending on its goals, past experience, and current environment. We developed a system to 
objectively and automatically track and analyze the movements and behavior of a mouse as it 
spontaneously explores its environment. We proposed to use this framework, along with recordings of 
neural data and optogenetic manipulations, to understand the neural generators in the basal ganglia of 
spontaneous behavior. We have refined our behavioral model to include higher-resolution data and reveal 
more suitable movements of the mouse. We are now recording activity of neurons in the brain to 
understand what signals the transitions from one behavioral state to another. We are acquiring three forms 
of data: neural spiking with electrodes, indirect measures of spiking with GCAMP imaging, and bulk 
measurements of activity. Our initial results indicate that neural correlates of automatically segmented 
behavior can be extracted and that perturbations of activity in the basal ganglia alter the patterns of 
express behaviors. 

 

Non-Degenerate 2-Photon Excitation in Scattering Medium for Fluorescence Microscopy 
Yang, Mu-Han; Abashin, Maxim; Saisan, Payam A.; Tian, Peifang; Ferri, Christopher G.L.; Devor, 
Anna; Fainman, Yeshaiahu 
Poster 32, Session 1 

Non-degenerate 2-photon excitation (ND-2PE) of a fluorophore with two laser beams of different photon 
energies offers an independent degree of freedom in tuning of the photon flux for each beam. This feature 
takes advantage of the infrared wavelengths used in 3-photon microscopy to achieve an increased 
penetration depth while preserving a relatively high degenerate 2-photon excitation (D-2PE) cross-
section. Using spatially and temporally aligned Ti:sapphire laser and optical parametric oscillator beams 
operating at near-infrared (NIR) and short-wavelength infrared (SWIR) optical frequencies, we show 
experimentally that efficiency of ND-2PE fluorescence is comparable with D-2PE. Additionally, we show 
that for imaging through a scattering medium such as brain tissue, ND-2PE can compensate for loss of the 
excitation laser intensity caused by tissue scattering. 

Our experimental validation begins with an investigation of the excitation cross-section of ND-2PE in 
comparison with that of D-2PE in a transparent medium. Next, we measure the attenuation length of D-
2PE and ND-2PE in intralipid with different concentrations. We analyze the advantage of ND-2PE for 
imaging in a scattering medium (approximating the brain tissue) using the ratio of absorption cross-
sections for ND-2PE and D-2PE calculated together with the measured attenuation length for the NIR and 
SWIR beams. We use a model governed by the Beer-Lambert law to predict the penetration depth of ND-
2PE where a minimum fluorescence signal can be detected. Finally, we demonstrate that with our 
particular combination of optics and fluorophores, ND-2PE increases the maximum excitation depth as 
compared to D-2PE. 

To summarize, ND-2PE may provide a superior alternative to 3-photon microscopy by circumventing the 
issue of low 3PE cross-section while taking advantage of low scattering SWIR illumination. Efficiency of 
excitation (i.e., excitation cross-section) can be further increased through a systematic search for the most 
efficient combination of excitation wavelengths for any particular fluorophore. 
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Harnessing Light Sheet and Light Field Microscopy to Visualize Dynamic Adaptations to Sleep-
Related Synaptic Activity 
Truong, Thai; Zhang, Shixing; Fraser, Scott; Dickman, Dion 
Poster 34, Session 1 

Synapses must maintain a dynamic balance of electrical activity in order to stabilize neural functionality 
throughout life yet still permit the plasticity necessary to form and consolidate new memories. This 
exquisite balancing act is hypothesized to require the homeostatic control of synaptic plasticity during 
sleep-wake behavior, where synaptic strengthening accumulated through experiential wake activity is 
systematically down-regulated during sleep and experiences are consolidated and integrated into stable, 
long-term memories. To test this hypothesis, we are developing a transformative experimental paradigm, 
using the Drosophila model system, where we combine the latest molecular genetic and optical probes 
with the novel multi-scaling imaging technologies of light sheet and light field microscopy. Together, 
these approaches enable us to label, manipulate, perturb, and observe the structure and function of 
synapses, neurons, and circuits, from individual cells to entire brains, at time scales from milliseconds to 
days. We expect the multi-scale imaging technologies that we develop to also inspire widespread 
applications across neuroscience and other fields of biomedical research. Our approach is divided into 
two complementary aims: first, to develop new probes, targeted to subcellular compartments, to visualize 
synaptic activity; and second, to use multi-photon light sheet and light field microscopy to image sleep-
related adaptations to synaptic structure and activity at unprecedented resolution, speed, and three-
dimensional coverage. 

 

Combined Cortical and Subcortical Recording and Stimulation as a Circuit-Oriented Treatment 
for Obsessive-Compulsive Disorder 
Dougherty, Darin; Widge, Alik S.; Eskandar, Emad N. 
Poster 36, Session 1 

Most investigators think that DBS for OCD works by affecting brain circuits called the cortico-striato-
thalamo-cortical loops, or CSTC loops. To interrupt these loops, investigators have placed DBS into the 
ventral capsule/ventral striatum (VC/VS), the “S” of CSTC. VC/VS DBS has helped many patients who 
had very treatment-resistant OCD. However, about half do not get better. We hypothesize that this is 
because DBS does not always influence cortico-striatal loops correctly, because it affects only a single 
area in this multi-area circuit. Our main objective is to test a stimulator that affects the deep brain and the 
cortex (brain surface) at once and tries to break the abnormal CSTC synchrony. It drives two brain areas 
at slightly different frequencies, keeping them “out of sync.” Our second objective is to test whether 
activity in the CSTC loop correlates to the symptoms of OCD. No study has proven that these two are 
linked in humans, because it is difficult to record from the human brain, especially over long periods of 
time and from deep brain areas. We will use a novel technology, the Medtronic PC+S “sensing DBS,” to 
record the brain’s activity while delivering the stimulation treatment. As patients’ symptoms improve, we 
expect to see that connectivity and synchrony between the surface and deep brain decrease along the same 
trajectory. We will also capture recordings during symptom flares and as patients participate in symptom-
triggering activities, such as exposure therapy sessions. This will help us further determine how well this 
brain activity correlates to symptoms. Finally, to help capture clearer signals, we will also collect those 
recordings while patients do a fear task that is linked to OCD severity, using EEG to further understand 
the cortico-striatal response to DBS.  
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Transdiagnostic Restoration of Affective Networks with Systematic, Function-Oriented, Real-Time 
Modeling and Deep Brain Stimulation (TRANSFORM DBS) 
Dougherty, Darin; Widge, Alik S.; Eskandar, Emad N. 
Poster 38, Session 1 

Mental disorders are the largest source of economic and medical burden among warfighters, Veterans, 
and civilians. Existing medication and psychological treatments do not adequately address this morbidity 
and mortality. Focal electrical brain stimulation has preliminary evidence for efficacy but has not done 
well in randomized clinical trials. This is in part because the devices are open loop: The devices cannot 
sense whether stimulation is having the desired effect on the brain. In addition, there is a limited 
understanding of the neurobiology of psychiatric illness. DSM diagnoses, because they are defined by 
constellations of symptoms manifested via separate neural systems, are not meaningfully mapped to broad 
neuropsychiatric entities, meaning that most neuroimaging and physiologic studies of these diagnoses 
have failed to find mechanisms or biomarkers of disease as a whole. TRANSFORM is designed to 
address and overcome these limitations by simultaneously developing new devices that may be able to 
sense brain activity while stimulating (closed-loop neurostimulation). 

 

Imaging Adult-Born Neurons in Action Using Head-Mounted Minimicroscopes 

Drew, Michael R. 
Poster 40, Session 1 

The hippocampus is one of a select few brain regions that retain the ability to generate neurons in 
adulthood. Research in human patients and animal models suggests that increases and decreases in 
neurogenesis alter memory function and contribute to the etiology and treatment of emotional disorders. 
Despite almost 15 years of research linking adult neurogenesis to memory and emotional regulation, 
almost nothing is known about the circuit and coding mechanisms through which adult neurogenesis 
influences these processes. The recent development (with BRAIN Initiative support) of head-mounted 
minimicroscopes provides an unprecedented opportunity to image activity of adult-born neurons as 
animals learn and behave. Under this award, we will acquire equipment and training that will enable our 
lab to sustainably incorporate miniscope imaging into our research program on adult neurogenesis. In 
addition, we will perform calcium imaging experiments in freely moving mice as they explore contexts 
and undergo contextual fear conditioning, a model-learning paradigm that is sensitive to perturbations of 
adult neurogenesis. Using optogenetic silencing of adult-born neurons, we will characterize how adult-
born neurons influence coding of context memory in dentate gyrus, a region required for context memory. 
These experiments will provide new and previously unattainable insights into the mechanisms through 
which adult-born neurons regulate hippocampal memory, and they will enable our lab to integrate 
miniscope technology in a sustainable way in multiple ongoing research streams.  
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Single-Cell Methylome Sequencing Identifies Distinct Neuronal Populations in Mouse and Human 
Frontal Cortex 
Luo, Chongyuan; Keown, Christopher L.; Castanon, Rosa; Li, Junhao; Lucero, Jacinta; Nery, Joseph R.; 
Kurihara, Laurie; Harkins, Tim; Mukamel, Eran A.; Behrens, M. Margarita; Ecker, Joseph R. 
Poster 42, Session 1 

Epigenomic marks such as cytosine DNA methylation (mC) have highly diverse patterns across brain 
neuronal and non-neuronal cell types. Human and mouse brains accumulate high levels of non-CG 
methylation (mCH) at millions of locations throughout the genome, and mCH levels are inversely 
correlated with gene expression. Approximately 16% of the mouse genome contains differential mC 
signatures that allow neuronal cell types to be distinguished by low-coverage single-cell WGBS (whole-
genome bisulfite sequencing). 

Here we developed a novel single nuclei methylome sequencing method and have applied it to classify 
cell types for thousands of cortical neurons. Single neuronal methylomes were generated from more than 
4,500 single neuronal nuclei isolated from human and mouse frontal cortex using FACS. We demonstrate 
robust cell-type classification that readily distinguished excitatory and inhibitory populations and also 
identifies distinct GABAergic neurons that are similar to PV+, SST+, VIP+, and NDNF+ inhibitory cells. 
These data further allowed an unbiased accurate classification of the locations of pyramidal neurons 
located in different cortical layers. Unlike RNA-seq data, single-cell methylome data pinpoints regulatory 
regions in genes, and this allowed the inference of candidate transcription factors playing critical roles in 
neuron type and subtype differentiation. We predict neuron activity–dependent transcription factors (e.g., 
Fos, Egr1) play instructive roles in the differentiation of a type of Layer 6 excitatory neurons. Our data 
reveal substantial evolutionary conservation of neuronal cell type–specific methylomes, as well as 
species-specific regulatory elements. The single nuclei methylome sequencing approach enables unbiased 
characterization of brain epigenomic and regulatory diversity at an unprecedented resolution, without the 
need of the isolation of specific cell populations.  
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Microscale Human Cortical Imaging—MRI Corticography 
Feinberg, David; Lui, Chunlei; Mukherjee, Pratik; Setsompop, Kawin 
Poster 44, Session 1 

The overarching objective of this proposal is to push the spatial resolution of human brain MRI to enable 
studies of neuronal circuitry and network organization in the human brain. This will allow for studies of 
hierarchical and directional connectivity between different brain regions in human brain. 

The next-generation technology, MR Corticography (MRCoG), achieves large gains in spatial and 
temporal resolutions by focusing imaging in the cortex: (1) higher-sensitivity coil arrays optimized to the 
superficial regions of the brain, (2) next-generation magnetic field gradient coils for encoding higher 
spatial frequencies within the constraint of signal relaxation time, (3) optimized 2D and 3D simultaneous 
imaging (SMS) pulse sequences for highest spatiotemporal encoding, (4) quantitative susceptibility tensor 
imaging (STI) to exceed resolution of diffusion tensor imaging (DTI), (5) high-density receiver arrays and 
high channel count receiver systems for whole-brain imaging, and (6) state-of-the-art shimming arrays. 

The higher spatial resolution achieved with smaller voxels will advance fMRI’s ability to accurately 
differentiate activity in distinct cortical layers and columns. MRCoG will be used to map intracortical 
axonal connectivity, overcoming a fundamental resolution limit inherent to all in vivo human neuronal 
fiber tractography to date by replacing diffusion imaging with a novel susceptibility contrast mapping of 
axon fibers. The proposed next-generation 7T MRI scanner will provide barrier-breaking resolution and 
image contrast. The possible mesoscale, fine-granularity studies of neuronal organization in 0.3–0.5 mm 
isotropic resolution will facilitate the integration and bridging between human neuronal network studies 
and cellular studies with optogenetic techniques. If successful, it will fundamentally transform our ability 
to study the human brain. As a non-invasive new MRI technology, MRCoG can be translated to patient 
care and provide novel biomedical research in mental health, traumatic brain injuries, epilepsy, and other 
debilitating brain diseases and disorders. 

 

Beyond Diagnostic Classification of Autism: Neuroanatomical, Functional, and Behavioral 
Phenotypes 
Fletcher, Tom; Wang Phillips, Bei; Palande, Sourabh; Wong, Eleanor; Anderson, Jeffrey; Zielinski, 
Brandon 
Poster 46, Session 1 

We are developing novel statistical methods for combining heterogeneous imaging and behavioral data to 
understand how properties of complex brain networks give rise to behavioral phenotypes in autism and 
other neuropsychiatric disorders. The first contribution of this project is to develop novel image analysis 
methods to extract individualized features of complex brain networks from imaging data. This includes a 
powerful method for describing the shape of gray matter in brain networks based on diffeomorphic image 
registration and a rigorous method for inferring an individual’s functional connectivity based on a 
hierarchical Bayesian model. The next contribution is a novel method to capture the topology of brain 
networks simultaneously across all scale levels of connection strength. Finally, we are developing 
Bayesian statistical methods for finding correlations in high-dimensional and heterogeneous data, and we 
are using this to analyze the relationship between brain networks and behavior. We will present initial 
results that demonstrate that topological analysis of brain networks captures features that correlate with 
ADOS scores and can discriminate between autism patients and typically developing controls.  
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Micro-Coil Implants for Cortical Activation 
Fried, Shelley; Lee, Seung Woo 
Poster 48, Session 1 

The long-term effectiveness of cortical implants that deliver stimulation has been limited, in part due to 
the complex biological and chemical reactions that diminish the effectiveness of individual electrodes 
over time. Unlike electric fields, however, magnetic fields are not impeded by the encapsulating glial 
scarring that can envelop electrodes over time, and thus magnetic stimulation could theoretically 
overcome this limitation. Further, magnetic fields are spatially asymmetric and thus might allow selective 
targeting of specific cell types within the highly structured cortical architecture, thereby providing a 
second important advantage over conventional electrodes. We have developed a series of micro-coils, 
small enough to be safely implanted into the cortex, and here we demonstrate their effectiveness via a 
series of computational in vitro and in vivo tests. In vitro testing revealed that layer 5 pyramidal neurons 
(L5PNs) from motor, pre-frontal, and visual cortices could all be activated by magnetic stimulation from 
a micro-coil (50×100 µm profile). Mapping responses in individual L5PNs revealed that the proximal 
axon had the highest sensitivity to individual pulses, but portions of the apical dendrite were more 
sensitive when stimulation was delivered repetitively. L5PNs were activated only by those orientations of 
the coil that induced a strong electric field along its long axis. Insertion of coils into the whisker cortex of 
mice in vivo led to whisker movements that were highly similar to those from earlier studies with electric 
stimulation. Initial demonstrations of effectiveness and selectivity, along with the reduced susceptibility 
to the foreign body response, suggest that micro-coils may be highly useful for applications in which 
precise targeting of specific neurons is required over the long term (e.g., those in which sensory cortices 
are stimulated). Ongoing testing is exploring whether coil design can further enhance selectivity and also 
whether responses remain more stable over time with coil-based implants.  
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Imaging Brain Function in Real-World Environments and Populations with Portable MRI 
Garwood, Michael; Vaughan, Thomas; de Graaf, Robin; Juchem, Christoph; Wang, Bert; Gonzalez, Gil; 
Jang, Albert; Sohn, Sungmin; Adriany, Gregor; Idiyatullin, Djaudat; Mullen, Michael; Kobayashi, 
Naoharu; Jayatilake, Mohan; Moeller, Steen; delaBarre, Lance 
Poster 52, Session 1 

Magnetic resonance has proven to be a valuable laboratory instrument for investigating the human mind, 
brain, and behavior through function (fMRI), metabolism (MRS), and structure (MRI) in health, disease, 
and therapeutic intervention. To use this powerful instrument beyond the many laboratory constraints in 
the real world, we have had to “re-invent” MR. As a first step toward achieving the overall objective of 
making MR accessible to world populations in essentially off-the-grid environments, we’ve demonstrated 
the feasibility of new magnet technology, imaging physics, spatial encoding approaches, and spectrometer 
innovations required to make this possible. Specifically, we’ve accomplished the aims of our grant to 
demonstrate the feasibility of:  

1. A new portable magnet technology capable of extending limited laboratory-bound MRI to a world of 
broad and diverse applications far beyond what has been possible before.  

2. New image acquisition methods capable of producing good-quality images of the human brain with the 
highly non-uniform magnetic field of our new head-only magnet.  

3. New multi-channel, local gradient arrays optimally suited for this new magnet and imaging methods. 

4. A single, scalable unit for a new high-efficiency, multi-channel distributed RF spectrometer, including 
simultaneous transmit and receive capability. 

With these four critical technologies and methods proven, we are now ready to assemble these 
components into a new MRI brain imaging system that can be delivered and operated in real-world 
environments anywhere in the world.  
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Rebuilding Neural Pathway Function Using Miniature Integrated Optics for Neuron-Level 
Readout and Feedback 
Gibson, Emily; Restrepo, Diego; Bright, Victor; Gopinath, Juliet 
Poster 54, Session 1 

Development of a miniature implantable device to allow transfer of neural information from one brain 
area to another will have a major impact on the understanding of brain function and treatment of 
neurological disorders. The development of genetically encoded fluorescent indicators and optogenetics 
makes optical readout and control a real possibility. Our NSF BRAIN grant seeks to demonstrate actual 
recovery of function in an animal with a disruption in brain connection using an engineered optical 
feedback system. The proposal combines technology development with behavioral research. The PIs have 
recently developed a lightweight head-mounted miniature multiphoton microscope that can image more 
than hundreds of neurons in three dimensions in brain tissue. The technology is the first to use 
electrowetting optics for non-mechanical steering of the excitation laser and enables single-cell resolution 
imaging. We propose to combine a spatially shaped second laser at a different wavelength from our 
excitation laser to allow both imaging and directed optogenetic stimulation of neurons. Importantly, 
modulation of neural activity on the level of individual neurons is essential for controlling function in the 
brain. We propose to read out and control firing of individual neurons in the piriform cortex. We will use 
behavior studies in mice to determine if association of olfactory identity with reward can be recovered as 
we selectively turn on and off the input nerve connections to the piriform cortex, where odor identity is 
thought to be represented. The study will allow us to identify which neurons contain information essential 
for decision making. The oscillatory basis for information transfer can be tested using certain frequency 
ranges or phases of neural activity. These studies will be useful for testing models of neural circuit 
function and applicable for neuroengineering devices for therapeutic use.  
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A Multi-Channel, Semi-Chronic Micromanipulator System for Combined Electrophysiological 
Recording and Optogenetic Manipulation of Neuronal Activity in Behaving, Non-Human Primates 
Goodell, Baldwin; Gray, Charles; Pesaran, Bijan; Sheinberg, David 
Poster 56, Session 1 

In order to gain a greater understanding of the neural mechanisms that mediate cognitive function, new 
approaches and technologies are needed to dramatically expand the ability to record and manipulate the 
activity of large numbers of neurons throughout widespread areas of the primate brain. To accomplish this 
objective, we have developed a multi-channel, semi-chronic micromanipulator system that permits the 
implantation of up to 32 independently movable optrodes in behaving non-human primates. This device is 
combined with a guide array for precisely controlled viral injections. Multiple microdrives can be 
implanted and flexibly configured to enable the long-term measurement and optogenetic manipulation of 
neuronal activity from distributed circuits spanning the depth and breadth of the brain. 

The optrodes are fabricated by bonding a beveled optical fiber to a microelectrode with epoxy. Each 
assembly is then bonded to a non-round, threaded brass shuttle using conductive epoxy. Optrode position 
is controlled by rotation of a fixed leadscrew (125 μm/turn resolution) that advances or retracts the shuttle 
over travel distances up to 40 mm. The electrical signal from each electrode passes through the shuttle to 
the leadscrew and to a printed circuit board mounted on top of the microdrive. Each optical fiber is routed 
below the PCB to a custom connector assembly that is mounted on the actuator block of the microdrive. 
Sufficient slack is incorporated into the length of the optical fiber to account for the optrode travel. The 
actuator block, connector assembly and external housing are fabricated using 3D printing technology. 

Ongoing work includes the design and testing of viral injection methods, the surgical removal of the dural 
membrane to facilitate the penetration of the delicate optrodes into the brain, and the incorporation of 
miniature, multi-channel optical fiber connectors. The completed system will enable precise spatio-
temporal control of activity in distributed neuronal circuits.  
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Asynchronous Distributed Multielectrode Neuromodulation for Epilepsy 
Gross, Robert; Mahmoudi, Babak; Devergnas, Annaelle; Piallat, Brigitte; Connolly, Mark; Fasano, 
Rebecca; Drane, Daniel; Easley, Kirk 
Poster 58, Session 1 

Significance: Present electrical neuromodulation technologies achieve seizure freedom in a small 
minority of patients, who are not candidates for extirpative procedures. As seizure freedom is the sine qua 
non of treatment, there is a large unmet need for novel approaches. The goal of our program is to improve 
outcomes using advances in bidirectional neuromodulation for patients with medically refractory mesial 
temporal lobe epilepsy (MTLE). 

Innovation: Present approaches to hippocampal stimulation deliver synchronous high-frequency pulses 
via up to four macroelectrodes. In contrast, we have found that delivering asynchronous pulses distributed 
across a multielectrode array of 16 microelectrodes and stimulated at low (theta) frequency is more 
effective than macrostimulation in controlling seizures in a rodent model of MTLE. We will pursue a 
rational, stepwise pathway to translation and optimization of asynchronous distributed multielectrode 
stimulation (ADMES) to patients with epilepsy, capitalizing on the availability of a new commercial 
neurostimulation system (Activa RC+S, Medtronic) that uniquely allows our novel approach to be 
implemented. We will also exploit the novel bidirectional feature of this unit to optimize our therapy with 
both open-loop and closed-loop approaches to ADMES. 

Approach: (1) Implementation of ADMES in a translational non-human primate (NHP) MTLE model; 
(2) Development of algorithms for stimulation optimization in NHP model and then in epilepsy patients 
undergoing acute invasive monitoring; (3) Early feasibility testing of ADMES and RC+S in patients with 
dominant MTLE 

Aims: 

Aim 1 (UG3): Operationalize and optimize ADMES in an NHP MTLE model using an externalized 
system. 

Aim 2 (UG3): Implement optimized ADMES in the NHP MTLE model using the RC+S to bridge to 
human translation. 

Aim 3 (UH3): Identify electrophysiological biomarkers and the effects of stimulation parameters on those 
biomarkers during invasive monitoring of MTLE patients. 

Aim 4 (UH3): Early feasibility trial of ADMES in patients with medically refractory dominant MTLE.  
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Dose-Dependent Response of Cerebellar Network Transcranial Magnetic Stimulation 
Halko, Mark 
Poster 60, Session 1 

Repetitive transcranial magnetic stimulation (rTMS) is an emerging technology for the treatment of 
neurological and psychiatric illnesses. Recent interest has shifted to the cerebellum, where initial 
promising therapeutic investigations have been made in diseases such as schizophrenia and ataxia. 
Despite these developments, the understanding of which parameters are best suited to stimulate the 
cerebellum remains a mystery.  

A barrier to understanding the dose impact of cerebellar rTMS on the brain has been a lack of measures. 
Traditional optimization approaches have relied upon specific measures within the motor network that are 
difficult to translate into other domains. Unfortunately, cerebellar stimulation of motor cortex likely has a 
simultaneous non-motor association cortex impact. Modeling of the impact of cerebellar stimulation 
describes a systematic pattern of location-dependent network changes. 

Our preliminary work to date has demonstrated that cerebellar stimulation results in whole network 
changes and that these same parameters can be used to modulate network-dependent behavior. This work 
will demonstrate the utility of observing network connectivity from the cerebellum as a useful and 
reliable output measure.  

Our hypothesis is that network connectivity can act as a useful measure of stimulation outcome. 
Simultaneous acquisition of attentional metrics will investigate the dose-response relationship between 
stimulation and networks and stimulation and cognition, allowing for optimization of cerebellar 
stimulation protocols for effective therapeutic intervention, based on both anticipated behavioral measures 
and idealized brain network function. This approach allows for an unbiased model-free investigation of 
the impact of cerebellar stimulation and a careful titration of the appropriate stimulus intensity and 
duration to impact cognitive circuits via the cerebellum.  
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High-Resolution Multimodal Acousto-Electromagnetic Neuroimaging of Brain Activity 
Yu, Kai; Niu, Rachel; He, Bin 
Poster 62, Session 1 

We have demonstrated that low-intensity pulsed transcranial focused ultrasound (tFUS) is able to perturb 
brain networks in in vivo animal models, while such activations can be detected by electrophysiological 
source imaging from scalp EEG. We have combined simultaneous scalp and intracranial 
electrophysiological recordings to test an overarching hypothesis that ultrasound can modulate dynamic 
brain activity to aid neuroimaging. In an in vivo rat model (n = 6), we introduce dynamic ultrasound 
radiation pressure to vibrate a focused brain region. Using both scalp EEG and local field potential (LFP) 
recordings, we found a “double-frequency” phenomenon modulating the induced EEG and LFP signals 
with the frequency of the dynamic ultrasound radiation force. The EEG recording shows such modulation 
in time and frequency domains (‒5 to ‒10 dB lower than global EEG spectral power density, 33 dB 
higher than sham conditions), and the LFP recording cross-validates this modulation through spectral 
power density (20 dB higher than sham conditions). This finding supports the radiation pressure as the 
mechanism of tFUS neuromodulation. We have further examined the effect of tFUS on perturbing brain’s 
excitability in an electrically stimulated somatosensory task. To produce a controlled brain activity, a 
peripheral electrical stimulation is introduced at the hind limbs simultaneous to a set of tFUS pulses 
(PRF: 1.5 kHz, 80 cycles/pulse) applied at the primary somatosensory cortex. Simultaneous multiscale 
recordings indicate that paired tFUS applied to the somatosensory cortex significantly increased the 
brain’s response to peripheral electrical stimulation (+7.4 dB, 300 trials). The accordance between the 
local and global signals supports the notion that ultrasound may be used to modulate the excitability of 
specific brain regions in vivo.  
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SCAPE Microscopy for High-Speed 3D Imaging of Behaving Organisms 
Hillman, Elizabeth M. C.; Voleti, Venkatakaushik; Li, Wenze; Xu, Lu; Galwaduge, P. T.; Yu, Hang; 
Patel, Kripa B.; Perez-Campos, Citlali; Schaffer, Evan; Mishra, Neeli; Vaadia, Rebecca; Lacefield, Clay; 
Grueber, Wesley B.; Bruno, Randy M.; Mann, Richard S.; Gaeta, Alex; Schoppik, David; Cunningham, 
John; Firestein, Stuart 
Poster 64, Session 1 

SCAPE microscopy is a new approach to high-speed volumetric microscopy of the living brain. 
Delivering acquisition speeds between 10 and 20 volumes per second through a stationary, single 
objective lens, SCAPE permits unprecedented experiments to be performed in diverse samples, including 
the freely crawling Drosophila larva, the adult Drosophila brain, and the awake, behaving mouse brain.  

We have made numerous advances in our implementation of ‘one-photon’ SCAPE, significantly 
improving resolution and field of view, alignment, flexibility, and stability. Having recently licensed 
SCAPE to a major microscope company, we are now working to enable more researchers to try SCAPE 
for their applications through hosting lab visits, bringing a SCAPE prototype to residential microscope 
courses, and beginning to help others to assemble their own SCAPE systems. 

We are advancing our ongoing imaging of freely crawling Drosophila larvae, having developed a cell-
tracking algorithm to extract the firing patterns of neurons within the motor system during crawling, in 
collaboration with Wesley Grueber. We have also developed several new applications of SCAPE, 
including imaging of the vestibular system of zebrafish during orientation changes (with new co-PI David 
Schoppik at NYU), imaging the mouse olfactory epithelium (with Stuart Firestein), and imaging the 
awake, behaving brain of Drosophila (with both Richard Axel and Rudy Behnia). All of these projects are 
yielding promising new results and discoveries.  

We are continuing our development of two-photon SCAPE, having assembled two potential 
configurations that are yielding pilot imaging data. We are preparing to purchase a new laser source that 
will enable full-speed two-photon SCAPE. Finally, we are developing a range of new data analysis 
strategies, in collaboration with new co-PI John Cunningham, that address the unique challenges and 
opportunities of SCAPE data.  
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BioLuminescent OptoGenetics (BL-OG): A Novel and Versatile Strategy for Neuromodulation 
Shaner, Nathan C.; Hochgeschwender, Ute; Moore, Christopher I. 
Poster 66, Session 1 

New tools to selectively regulate neurons have revolutionized causal neuroscience experimentation. 
Optogenetics provides an array of elements for specific biophysical control, while designer chemogenetic 
receptors provide a minimally invasive method to control circuits in vivo by peripheral injection. We 
developed a strategy for selective regulation of activity in specific cells that integrates optogenetic and 
chemogenetic approaches and thus allows manipulation of neuronal activity over a range of spatial and 
temporal scales in the same experimental animal. Light-sensing molecules (opsins) are activated by 
biologically produced light through luciferases upon peripheral injection of a small molecule, which 
crosses the blood–brain barrier. Such bioluminescence-driven optogenetics (BL-OG) is a minimally 
invasive method, like chemogenetics, but one that leverages the full array of bioluminescent and 
optogenetic options. Importantly, BL-OG allows conventional fiber optic use of optogenetic sensors, 
while at the same time providing chemogenetic access to the same sensors. This opens, in principle, the 
entire optogenetic toolbox for complementation by a chemogenetic dimension. We demonstrated proof of 
concept for this technology by using fusion proteins that directly link Gaussia luciferase (GLuc) to 
opsins, creating luminescent opsins (luminopsins, LMOs). We now seek to further optimize and validate 
the technology with the goal to supply the research community with metric-driven validation of the 
technology under in vivo experimental conditions, in comparison to current technologies, by (1) 
generating new luciferases with increased light emission and luciferase/luciferin pairs with non-
overlapping substrates to allow multiplexing, (2) developing an extended toolkit of luciferase-opsin 
combinations and testing their efficacy in vitro, and (3) validating the efficacy of bioluminescence 
activation of neuronal circuits in vivo through quantifying effects on neuronal response as assessed by in 
vivo multielectrode recordings, directly comparing stimulation of LMOs by substrate versus fiber optics 
versus DREADDs.  
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Employing Subcellular Calcium to Control Membrane Voltage 
Hochgeschwender, Ute; Lipscombe, Diane; Moore, Christopher I. 
Poster 68, Session 1 

The goal of this proposal is to assess the feasibility of an all-molecular method for activity-dependent 
feedback control of neuronal activity. We propose to generate calcium-sensitive light-emitting molecules 
(bioluminescent enzymes, luciferases) that drive light-sensing optogenetic elements (channels or ion 
pumps, opsins) to control membrane voltage at the level of single cells for positive and negative feedback 
control. By adjusting calcium sensitivity and molecule location, light production can be made specific to 
large events, such as bursts, or sensitive to individual spikes or single-channel activity. By coupling these 
new luciferases to opsins, highly specific sensing of calcium at its source will trigger opsin activation for 
augmenting or suppressing neuronal activity, allowing a high degree of temporal and spatial precision in 
feedback control. Goals will be achieved by pursuing three aims: (1) developing a calcium-sensing split 
luciferase with significantly improved speed, brightness, and range of sensitivity; (2) targeting these new 
molecules to subcellular domains to enable highly specific biological outcomes; and (3) linking these new 
innovations to optogenetic readouts. Our strategy is non-invasive, and it could be applied to large-scale 
manipulation of neural activity in behaving animals or in humans, where non-invasive, rapid feedback 
control of neuronal activity could be used to regulate clinically relevant activity in the brain. Our 
experiments are early stage, requiring proof-of-principle feasibility studies, but they have the potential to 
lead to a novel strategy to regulate activity only during periods of abnormal neuronal firing, such as 
attenuating runaway activity or amplifying local fluctuations. The molecular tools generated toward these 
feasibility experiments will be highly valuable in their own right, and achieving the goal of neural 
activity–regulated self-control of neurons will be transformative. 

 

Neural Ensembles Underlying Natural Tracking Behavior in the Common Marmoset 
Fiete, Ila; Huk, Alex; Mitchell, Jude; Priebe, Nicholas; Zemelman, Boris 
Poster 70, Session 1 

Our overarching goal is to develop a platform to study the circuitry that underlies a voluntary low-
dimensional, yet complex, behavior: ocular smooth pursuit in marmoset. We have trained animals to 
perform basic fixation and pursuit tasks in order to study the neural basis for their behavior in a controlled 
fashion. Pursuit requires little training and engages the attention of the marmoset subjects for extended 
periods (1 hour or more). We have extended conventional pursuit protocols to involve naturalistic stimuli 
(i.e., marmoset faces) and to include selection between multiple targets, both to improve subject 
engagement in the task and to provide richer insights into how sensory signals are selected by higher-level 
structures. We have also developed a novel visual tracking paradigm that still requires little training and 
supports parallel spatiotemporal characterization of the relation between visual motion and both 
behavioral and neural responses. In concert with our behavioral work, we have developed techniques to 
measure and manipulate the activity in specific cell subclasses along the pursuit pathway. We have 
focused on marmoset area MT, where motion-selective neurons provide signals that drive the pursuit 
system (and which is far more difficult to access in the rhesus monkey). We have developed virus 
injection technology and head implants that can be used for chronic imaging and to test multiple virus 
cocktails, which have allowed us to make functional measurements in awake marmosets. In parallel, we 
have developed a system to implant large-scale extracellular recording arrays. These imaging and 
electrophysiological developments allow us to gain access to population activity that encodes the motion 
signals responsible for visually guided pursuit and tracking behavior. To identify specific neuronal 
subclasses, we have been exploring promoters that drive expression in neuron subclasses. This has 
resulted in a construct that selectively targets excitatory neurons (Seidemann 2016) in marmosets.  
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Neuronal Avalanches Encode Sensory Stimulus Information 
Plenz, Dietmar; Losert, Wolfgang; Kanold, Patrick 
Poster 72, Session 1 

Sensory cortices have to encode stimulus information reliably to enable stable perception. Such reliable 
encoding of stimuli likely involves populations of neurons engaged across repeated presentations of the 
same stimulus, as well as presentations of different stimuli. The spatiotemporal organization of these 
populations and the rules that govern population activity for repeated and different stimuli are unknown. 
Using in vivo two-photon imaging of sound-evoked activity in layer 2/3 of primary auditory cortex (A1) 
in awake mice, we show that individual neurons respond to tones of different sound levels but that the 
representation of tone frequency is spatially diverse and unreliable over trials. On the population level, we 
find that spontaneous population activity organizes as neuronal avalanches. Low to intermediate sound 
loudness alters population size but not avalanche properties, indicating that population activity is tightly 
controlled. Stimulus responses from visual cortex in awake mice and premotor and prefrontal cortex in 
behaving non-human primates similarly reveal avalanche dynamics to be maintained during information 
processing. Computational modelling confirmed robustness of avalanche dynamics to transient, stimulus-
evoked activity changes. Further analysis in auditory cortex revealed that avalanches contain information 
about the stimuli well after the offset of the sound, indicating that sensory information is transmitted 
through the cortical network. Since cortical networks that display neuronal avalanches maximize their 
dynamic range for input processing and information transmission, our results indicate that populations of 
cortex neurons reliably process sound across a wide dynamic range of parameters. We are currently 
investigating avalanche dynamics under behavioral conditions. We are aiming to introduce avalanches 
into A1 and primary visual cortex utilizing holographic optogenetic stimulation to test how avalanche 
dynamics relate to sensation and perception.  
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Simple and Fast Brain-Wide Screening for Plasticity Between Spatially or Genetically Defined Cell 
Populations with Single Synapse Resolution 
Kebschull, Justus M.; Pao, Yvonne; Zhan, Huiqing; Ghosh, Sanchari; Xiong, Qiaojie; Merrill, Sabina; 
Malinow, Roberto; Zador, Anthony M. 
Poster 74, Session 1 

There is wide support for the hypothesis that changes in synaptic strength mediated by long-term 
potentiation (LTP) underlie many forms of learning and memory. However, there is currently no high-
throughput method for discovering which synapses in which pathways are modified by learning.  

We here describe the development of SYNPLA (SYNaptic Proximity Ligation Assay), a sensitive, 
specific, and high-throughput method for the detection of synaptic plasticity between candidate neuronal 
populations. SYNPLA exploits the proximity ligation assay to detect synaptic co-localization of 
presynaptic NRXN with postsynaptic GluA1-containing AMPA receptors. GluA1-containing receptors 
are largely absent in unpotentiated synapses but rapidly traffic into the synapse after LTP. Synaptic co-
localization of NRXN and GluA1, and hence the SYNPLA signal, is therefore restricted to recently 
potentiated synapses. SYNPLA results in greatly amplified, punctate fluorescent signal, allowing the easy 
and high-throughput identification of labeled synapses using light microscopy. 

In proof-of-principle experiments, we have established SYNPLA in a variety of in vitro settings and in ex 
vivo brain slices. For example, our preliminary data suggest an increase in the PLA signal at cortico-
amygdalar synapses after classical fear conditioning in the rat.  

SYNPLA is straightforward to perform and can readily be used by any neuroscience laboratory. 
Currently, we are working to increase signal-to-noise and throughput of SYNPLA. We hope that with 
further optimization, SYNPLA will prove transformative to the study of synaptic plasticity in learning 
and memory. 

 

Engineering Photoactivatable Neurotoxins for Light-Dependent Synaptic Silencing 
Liu, Qi; Sinnen, Brooke; Tucker, Chandra; Kennedy, Matthew 
Poster 76, Session 1 

Botulinum neurotoxins (BoNTs) are a family of proteinases produced by Clostridium botulinum that 
target the synaptic vesicle exocytosis machinery within axon terminus. All BoNTs consist of a heavy 
chain, which mediates the internalization of the toxin, and a catalytic light chain (LC) that cleaves 
SNARE (Soluble NSF Attachment Protein REceptor) proteins. Because of their high specificity and 
potency in disrupting neurotransmitter release, BoNT LCs have been widely used to study molecular 
mechanisms of synaptic transmission and to silence genetically defined brain circuits. To date, genetically 
expressed BoNT LCs cannot be regulated with spatial and temporal accuracy. Here, we will use 
CRY2/CIB optical dimerizers to develop a photoactivatable neurotoxin, in which BoNT serotype B 
(BoNT/B) is inactive in dark and rapidly activated by blue-light exposure. In preliminary studies, we have 
developed toxins responsive to light stimulation. However, these toxins require additional optimization to 
reduce dark background or induce full activation of protein cleavage by light. We are currently optimizing 
the photoactivatable toxins through directed mutagenesis and developing a yeast high-throughput screen 
to select for toxins with optimized light-vs.-dark cleavage. Our work will provide new optogenetic tools 
for rapid and spatially precise modulation of synaptic and glial transmission, which will be especially 
useful for experiments requiring extended (minutes to hours) silencing following a brief light pulse. 
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Flexible Large-Scale Brain Imaging Analysis: Diversity, Individuality, and Scalability 
Kim, Seung-Jun; Adali, Tulay; Calhoun, Vince 
Poster 80, Session 1 

Functional magnetic resonance imaging (fMRI) enables noninvasive study of the brain function, typically 
through the estimation of functional networks of connectivity. These networks are relatively consistent at 
a high level, but it is also clear that significant heterogeneity exists across the brains of different 
individuals. Given that now large-scale multi-subject data have become available across multiple 
repositories, there is a pressing need for the development of a flexible analysis framework for large-scale 
fMRI data that can capture the global traits in brain activity while not losing the individual aspects of a 
given brain. Such an accurate estimation of each subject’s functional connectivity maps enables the 
leveraging of large and distributed fMRI repositories. It also promises effective comparisons across 
different conditions, groups, and time points, thus further increasing the usefulness of fMRI in human 
brain research. Data-driven methods based on latent variable models, such as independent component 
analysis (ICA), have been increasingly adopted in the fMRI data analysis. Recently, there have been 
lively debates as to whether ICA leverages source independence, exploits sparsity, or both, igniting active 
research in sparse matrix models such as dictionary learning (DL) for fMRI analysis. Indeed, 
synergistically balancing multiple notions of diversity remains an important challenge. In this context, it 
is recognized that jointly leveraging both independence and sparsity enables a powerful and flexible 
framework for analyzing large-scale fMRI data, by capturing the common traits as well as individual 
details in a data-driven manner. Therefore, the complementary strengths of the already widely used blind 
source separation approaches, such as ICA, and the more recent, sparse matrix factorization models, such 
as DL, are advantageously integrated. Essential practical aspects for large-scale data integration studies, 
such as decentralized computation and privacy-aware sharing of the datasets across multiple repositories, 
are also addressed by leveraging the complementary expertise of the team. 

 

Physiological Basis for Resting-State Connectivity: Theory and Improved fMRI Measurements 
Kleinfeld, David; Lewis, Laura; Mateo, Celine; Polimeni, Jonathan; Rosen, Bruce; Yu, Xin 
Poster 82, Session 1 

Functional magnetic resonant imaging (fMRI) is the only means to infer neuronal activity within the 
entire volume of the human brain. A powerful aspect of fMRI concerns coordinated fluctuations in the 
amplitude of blood oxygen level dependent (BOLD) signals across distant regions of the brain, which are 
interpreted as “resting-state functional connections.” We address the physiological mechanism that 
underlies resting-state functional connectivity. Our hypothesis is that the natural ultra-low frequency 
oscillations in the smooth muscle of arteriole walls, termed vasomotion, act as an intermediate oscillator 
that links oscillations in neuronal activity with the blood oxygenation and thus fMRI signals. Rodent 
models permit us to test this hypothesis through detailed two-photon imaging, advanced fMRI 
measurements, and manipulations of cortical vascular dynamics and blood oxygenation under controlled 
conditions. We then advance the spatial resolution of ultra high field MR imaging in humans to image 
single intracortical vessels, with 100 micrometer or better resolution, to test whether vasomotion may be a 
unifying mechanism for resting and task-driven fMRI signals. The results of these studies have two 
consequences. One is to provide the underpinnings for interpreting resting-state connectivity relative to 
neuronal projections. The second is a new model of mapping functional connections via changes in 
arteriole volume. In particular, the strong homologies between the physiology of rodents and primates 
suggest that these methods can be extended to map resting-state functional connections in the human 
brain with higher resolution and greater precision than previously achieved. This new mechanistic insight 
will advance our use of fMRI to study cognition and a variety of neuropsychiatric disorders.  
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Realization of Optical Cell–Based Reporters for In Vivo Detection of Neuropeptides 
Kleinfeld, David; Slesinger, Paul 
Poster 84, Session 1 

Neuropeptides are essential neuromodulators in the brain. They are released into the extrasynaptic space, 
where they diffuse over long distances and signal through G-protein coupled neuropeptide receptors. 
Neuropeptides control cognition, sensorimotor processing, and energetics through changes in vascular 
tone and blood flow in the nervous system. Monitoring the release of neuropeptides in real time in awake 
animals performing complex behaviors would be transformative, enabling the elucidation of the function 
of neuropeptides in regulating neural circuits in the brain. 

We propose to develop and validate an innovative neurotechnique for optically measuring release of 
neuropeptides in cell-specific and circuit-specific processes in the brain. The new technology is based on 
cell-based neurotransmitter fluorescent engineered reporters, referred to as CNiFERs, which were 
originally developed for detecting the release of classical, small-molecule neurotransmitters. A CNiFER 
is a clonal HEK293 cell that is engineered to express a specific G-protein coupled receptor and a 
genetically encoded fluorescence-based intracellular calcium sensor. CNiFERs are implanted in the brain, 
where they produce minimal inflammation and remain viable for days, and have been used successfully to 
measure volume transmission of dopamine, norepinephrine, and acetylcholine in vivo during learning. 

Three neuropeptide CNiFERs will be developed and used for test-bed validation projects within our own 
laboratories: orexin, which is important in sleep regulation as well as drug seeking and reinstatement; 
somatostatin, which has been implicated in depression, motivation, and learning; and vasoactive intestinal 
peptide, which has been implicated in neuroplasticity and learning. For collaborative projects, we will 
further construct four additional neuropeptide CNiFERs for detecting release of dynorphin, corticotropin-
releasing factor, neuropeptide Y, and substance P. Each neuropeptide CNiFER will be subjected to 
rigorous in vitro testing prior to its use to study the dynamics and consequences of release of 
neuropeptides in vivo. 
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Sparse, Strong, and Large Area Targeting of Genetically Encoded Indicators for Functional 
Cortical Connectomics 
Knopfel, Thomas; Barnes, Sam; Song, Chenchen; Antic, Srdjan 
Poster 86, Session 1 

The flow of information through networks of cortical neurons is thought to provide the processing power 
that underpins cognition. Traditional structural methods to map connectivity are blind to the functional 
dynamics of cortical circuits, making “snapshot” studies of cortical circuits difficult to interpret. 
Emerging approaches use optical imaging combined with genetically encoded activity indicators such as 
GCaMP. Calcium indicators are limited to reporting spiking activity and are blind to subthreshold 
excitation and inhibition. This problem could be overcome by a strategy based on the co-expression of a 
genetically encoded, voltage-sensitive fluorescent protein (VSFP) and calcium indicator (GCaMP) in the 
same neuron. Co-expression of voltage and calcium indicators in specific cell types facilitates direct 
visualization of sub-threshold and supra-threshold activity simultaneously, thereby illuminating 
functional cortical circuits. This approach is possible using a new quadruple transgenic mouse: Rasgrf2-
2A-dCre;CamK2a-tTA;Chi-VSFPBlfy1.2;TITL-GCaMP6f. 

This mouse line uses intersectional genetic targeting with (i) a GECI (GCaMP6f) targeted to the TIGRE 
locus (TITL) with expression driven in L2/3 excitatory neurons via Cre and tTA activities (Rasgrf2 and 
CamK2A) and (ii) a VSFP (Chimeric-VSFPBlfy1.2) under a tetracycline response element (pTRE) with 
expression driven by CamK2A to excitatory neurons. In our animal model, the probability of GCaMP6f 
expression is controlled by titrated trimethoprim application to achieve sparse labeling, while the VSFP is 
broadly expressed in all excitatory pyramidal cells. The co-expression of the two indicators, combined 
with 2-P microscopy, gives simultaneous monitoring of both signals in the same neuron and across 
networks of neurons in vivo. We use this new technology to first define the spatio-temporal profile of the 
VSFP responses that co-occur with GCaMP transients in single neurons expressing both indicators. We 
then create event-triggered maps of co-active neural assemblies during visual stimulation. Thus we 
provide a novel approach for dissecting functional cortical microcircuits in the intact cortex. 
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Photo-Control of Neurotransmitter Receptors for Elucidating Mechanisms of Long-Term Synaptic 
Plasticity 
Kramer, Richard H.; Isacoff, Ehud Y. 
Poster 88, Session 1 

Optogenetic tools for controlling action potentials are powerful instruments for unraveling the wiring of 
neural circuits. However, a mechanistic understanding of how circuits work and change with use can be 
obtained by controlling the neurotransmitter receptors that mediate synaptic transmission between 
neurons. We have developed optogenetic pharmacology (OGP), which combines chemistry and molecular 
biology to produce photo-controlled receptors for GABA and glutamate, the main inhibitory and 
excitatory neurotransmitters in the brain. By conjugating photo-switchable tethered ligands (PTLs) onto 
genetically modified receptor proteins, we can photosensitize specified types of receptors with high 
spatial, temporal, and biochemical precision. Our OGP toolkit enables photo-control of kainite (GluK2) 
and NMDA receptors, metabotropic glutamate receptors (mGluRs), and all of the isoforms of GABAA 
receptors expressed in the brain. To enable photo-control of endogenous synaptic receptors without 
altering normal expression levels, we have generated knock-in “Photoswitch-Ready Mutant” (PhoRM) 
mice, in which the mutant receptor genomically substitutes for the wild-type version. In particular, we 
have obtained PhoRM mice that allow photo-control of receptors containing the ubiquitous synaptic α1-
GABAA subunit or the hippocampus-enriched α5-GABAA extrasynaptic subunit. As expected, photo-
control of α1-GABAA alters IPSCs, whereas photo-control of α5-GABAA alters tonic inhibition in 
hippocampal CA1 pyramidal cells, consistent with the synaptic vs. extrasynaptic function of the two 
isoforms. However, high-frequency stimulation (HFS) of excitatory inputs increases the contribution of 
α5-GABAA to inhibitory synaptic transmission, consistent with activity-dependent migration of α5 into 
synapses. We find that photo-antagonism of α5-GABAA enables increased temporal summation of LTP 
with repeated episodes of HFS, suggesting that the physiological role of α5-GABAA is to prevent 
runaway accumulation of LTP. By “clamping” synaptic strength, α5-GABAA receptors may help 
consolidate memory, a hypothesis we are testing with experiments involving in vivo photo-control in the 
hippocampus of awake, behaving α5-GABAA PhoRM mice. 

  



 

 
44 

  

Neural Activity Integration During User-Defined Epochs with Modular Reporters 

Laughlin, Scott; O'Neill, Brianna; Eckartt, Kelly; Jones, Breanna 
Poster 90, Session 1 

Methods that permit permanent “integration” of neural activity during defined epochs promise to facilitate 
understanding of long-range circuitry in large, opaque, and difficult-to-image specimens. Here we 
describe an engineered split enzyme and associated genetically encoded substrate that will permit 
expression of diverse reporters in response to activity-evoked Ca2+ spikes. This system employs an 
engineered split Tobacco Etch Virus (TEV) protease whose activity is linked to Ca2+ levels through 
attached calmodulin/M13 Ca2+-binding domains. Once reconstituted in active neurons, the enzyme 
liberates a caged Gal4 transactivator that triggers expression of a desired reporter. The modularity of this 
system enables optogenetic control of neurons activated by a given stimulus or behavior (e.g., by 
expressing optogenetic tools in response to TEV activity) or visualization of neurons active during 
distinct epochs (e.g., by expressing a photoactivatable mOrange in response to one stimulus or behavior, 
photoconverting the mOrange, and then recording activity evoked by another stimulus). Critically, the 
time period recorded with this strategy can be controlled with optogenetics using approaches that cage 
interactions between the split components and/or substrates. We report the creation of a panel of eight 
split TEV protease fragments tethered to calmodulin or M13 and the determination of the optimum 
orientation of each component in a high-throughput cell culture assay. We have identified one 
calmodulin/M13-linked split TEV pair whose enzymatic activity is absent at resting Ca2+ levels but active 
in high Ca2+ situations. Ultimately, this strategy will enhance our ability to distinguish and control 
neurons activated during separate epochs in long-range circuits and large brain volumes. 

 

A Synthetic Genetic System to Record Cell–Cell Interactions in the Nervous System of Transgenic 
Animals 
Lois, Carlos; Zinn, Kai; Hong, Elizabeth 
Poster 94, Session 1 

We designed a synthetic genetic system to monitor cell–cell contacts in the nervous system of transgenic 
animals. Upon ligand–receptor interaction in sites of cell–cell contact, the transmembrane domain of an 
engineered receptor is cleaved by intramembrane proteolysis and releases a protein fragment that 
regulates transcription in the interacting partners. We demonstrate that the system can be used to regulate 
gene expression between interacting cells both in vitro and in vivo, in transgenic Drosophila. We show 
that the system allows for detection of interactions between neurons and glia in the Drosophila nervous 
system. In addition, we observed that when the ligand is expressed in subsets of neurons with a restricted 
localization in the brain, it leads to activation of transcription in a selected set of glial cells that interact 
with those neurons. We are currently optimizing the system for three main applications: (i) to enable 
mapping of connectivity of neuronal circuits; (ii) to apply it to other genetically tractable animals, 
including zebrafish, Caenorhabditis elegans, and mice; and (iii) to genetically manipulate interacting cells 
(for instance, to silence all neurons that are postsynaptic to a given neuron). 
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The Neuroscience Gateway—Enabling Large-Scale Neuroscience Simulations and Data Processing 
Using Supercomputers 
Majumdar, Amitava; Sivagnanam, Subhashini; Carnevale, Ted; Yoshimoto, Kenneth 
Poster 96, Session 1 

The Neuroscience Gateway (NSG; http://www.nsgportal.org) catalyzes computational neuroscience 
research by lowering or eliminating the administrative and technical barriers that can make it difficult for 
neuroscience researchers to access supercomputer resources for large-scale simulations and brain image 
data processing. It provides free and open access to supercomputers, using time acquired via the peer-
reviewed allocation process managed by the Extreme Science and Engineering Discovery Environment 
(XSEDE). 

Since its inception in early 2013, the NSG has provided about 10,000,000 core hours of supercomputer 
time to neuroscientists, and currently it has about 400 registered users. Total core hours used, per-user 
rate of usage, and the number of users have all been growing at a rapid rate. Given current annual usage 
and the rate at which it has risen over the past 4 years, we expect NSG users to need about 10,000,000 
core hours in 2017. 

The NSG is enabling participation by the wider neuroscience community in research that would otherwise 
involve too great a computational burden, such as large-scale and detailed models of cells and networks, 
parameter optimization, brain image processing, connectome pipelines, et cetera, resulting in over 50 
publications and posters to date. 

Many neuroscientists who are developing new network modeling tools, data-driven parameter 
optimization pipelines (such as the BluePyOpt from the Human Brain Project), et cetera are using the 
NSG to disseminate their results to the neuroscience community. 

We are expanding the NSG’s scope to offer programmatic access to supercomputing resources in addition 
to access via the web portal. Developing and operating the NSG has given us a unique opportunity to 
understand and analyze how a very diverse range of neuroscientists are using an environment like the 
NSG and to examine their growing need for supercomputer power, as well as associated issues and needs 
for collaboration, data sharing/management, and various forms of computing. 

http://www.nsgportal.org/
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A Next-Generation Closed-Loop Neuromodulation Platform 
Rozgic, Dejan; Hokhikyan, Vahagn; Jiang, Wenlong; Chandrakumar, Hari; Tolosa, Vanessa; Tooker, 
Angela; Markovic, Dejan 
Poster 98, Session 1 

Brain disease is a growing socioeconomic problem. Chronic pain affects more than 100 million people in 
the U.S., with over $600 billion in annual costs. Alzheimer’s disease affects more than 5 million people, 
with the cost of care exceeding $220 billion. Another 5 million live with long-term disability as a result of 
traumatic brain injury, and there are millions with epilepsy. Drug therapy has failed. The development of 
neuromodulation technology has become a major medical and social priority. 

This is a multi-faceted problem for clinicians and patients alike. Neural probes have small numbers of 
contacts and poor spatial resolution, preventing precise placement for stimulation and resulting in 
inadequate therapy. Surgeries are time-consuming and costly. The stimulation response is slow, and 
devices do not have the ability to sense during stimulation. Wireless data is not available to clinicians in 
real time when needed. The devices are hampered with large implant batteries and have very limited 
programmability. 

Our technology addresses these issues. With 10x higher spatial resolution and the number of contacts, we 
provide consistency across patients and localized individual therapy. We can sense and stimulate 
concurrently, offering timely response. Data can be wirelessly streamed in real time to a clinician on 
demand. A revolutionary technology for wireless charging eliminates the need for any external devices 
(like the ones in cochlear implants). Our modular technology allows us to customize the device to various 
indications. 

Our engineering and medical team brings together more than 50 person-years of experience in defining 
cutting-edge technical and surgical approaches. This allows us to consider clinical and technical insights 
on a rapid timescale to address the problem end to end. Currently, the project is funded by DARPA, and 
we are planning to transition our revolutionary techniques into the commercial space in order to prevent 
neurological and cognitive disaster. 
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BRAIN EAGER: Development of Selective Activity–Dependent Methods for Tagging Neuronal 
Circuits Involved in Learning and Memory 
Kim, Taekyung; Konopka, Genevieve; Meeks, Julian; Roberts, Todd 
Poster 100, Session 1 

Changes in neuronal activity that occur during salient social experiences can lead to a rapid and dramatic 
reorganization of cellular and network function, ultimately endowing the animal with an improved 
capacity to respond to future experiences or learn new behaviors. A complicating factor is that social 
experiences can engage overlapping and intermingled populations of neurons in a variety of ways. This 
added complexity challenges our ability to tag neurons involved in different aspects of social learning, 
such as sensory processing, memory retrieval, and coordination of motor output. Tagging neurons based 
on activation of the c-fos promoter has proved to be an effective strategy for identifying and manipulating 
various forms of memory; however, c-fos is induced by a broad range of stimuli, and our understanding 
of its induction mechanisms is still limited. The goal of our research is to identify more selective activity-
dependent markers for tagging and manipulating neuronal circuits involved in learning and memory. We 
have identified multiple enhancer elements surrounding the c-fos gene and demonstrate their role in 
ensuring a robust c-fos response to various stimuli. Importantly, different c-fos enhancers are engaged by 
different forms of cellular stimulation. This stimulus-specific, combinatorial c-fos enhancer activation 
suggests tools based on c-fos enhancers may allow differential tagging and manipulation of neuronal 
populations that are engaged by salient social experiences. We will provide an overview of our recent 
progress in the characterization of c-fos enhancer elements, the development of novel activity-dependent 
viral tools, and methods for using these tools for dissecting neural circuits involved in learning from 
olfactory and auditory experiences in mice and songbirds. 

 

Ultrahigh Dynamic Range Multiphoton Microscopy with an Electronic Add-On 
Yang, Rouhui; Weber, Timothy; Davison, Ian; Mertz, Jerome 
Poster 102, Session 1 

Multiphoton microscopy is one of the preferred techniques for high-resolution functional brain imaging 
because of its remarkable depth penetration in thick tissue. In standard configurations, such imaging 
involves scanning a femtosecond laser focus in 3D throughout a sample. The laser power is fixed during 
the scan, and image information is contained in the time dependence of the detected fluorescence signal. 
Several problems can occur with this technique. First, in common cases where the sample contains 
extreme variations in brightness (for example, between large somas and much finer dendritic processes), 
it is often impossible to capture the full range of signals without either saturating the detector when 
scanning over bright regions or losing signal when scanning over dim regions. Second, when imaging 
time-varying signals from functional reporters such as GCaMP, large brightness variations occur that 
cannot be predicted in advance, forcing the user to use a low illumination to minimize the possibility of 
detector saturation, thus potentially compromising SNR. Third, when performing volumetric scans 
through an extended range of depths, a single laser power becomes either too weak at large depths or too 
strong at shallow depths. 

We propose a simple solution to solve all these problems. A digital electronic add-on is described that 
vastly improves the dynamic range of a multiphoton microscope while reducing potential photodamage. 
The add-on provides real-time negative feedback to regulate the laser power delivered to the sample and a 
log representation of the sample strength to accommodate ultrahigh dynamic range without loss of 
information. No microscope hardware modifications are required, making the technique readily 
compatible with commercial instruments.  
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Methods from Computational Topology and Geometry for Extracting and Analyzing Neuronal 
Shape 
Wang, Yusu; Wang, Suyi; Li, Yanjie; Ascoli, Giorgio; Mitra, Partha 
Poster 104, Session 1 

Neuroscientific data analysis, often focused on analyzing time series and imaging data, has at its core 
linear algebra and vector space theory. However, an increasingly important type of data in neuroscience 
cannot be dealt with adequately using these methods. Neurons themselves are geometrical objects, and the 
geometrical trees that constitute neurons are not naturally represented in a vector space. Vectors can be 
added and subtracted; however, “addition” or “subtraction” is not prima facie meaningful when dealing 
with neuronal trees (or collections of such trees that constitute real neural networks). This indicates the 
need for other mathematical tools than are conventionally used in the analysis of neural data. 

In the last decade, there has been significant progress in the areas of computational geometry and 
topology, where ideas formerly in the domain of relatively esoteric pure mathematics have migrated to 
practical applications (such as the idea of persistent homology in computational topology). We show that 
these methods are well suited to address the gap pointed to above and have developed a set of tools 
drawing from computational geometry and topology to extract, characterize, and compare neuronal tree 
shapes. These methods do not use the ad hoc feature vectorization and could in principle be applied 
without invoking vector space structure but relying only on the intrinsic metric space structure of the 
space of neuronal trees. The methods also promise to have applications in analyzing neuronal networks 
while retaining full geometrical information (which is lost when condensing these networks to 
connectivity information). Further, the methods lead to ways to summarize tracer injection data that does 
not correspond to individual tree shapes. We will demonstrate the application of these methods to existing 
corpora of neuronal tree shapes and to skeletonizing tracer injection data in whole mouse brains. 

 

Toward Deep Brain Monitoring with Superficial EEG Sensors plus Neuromodulatory Focused 
Ultrasound 
Mourad, Pierre D. 
Poster 106, Session 1 

We propose to increase the anatomical specificity of superficially deployed EEG by using another non-
invasive method, pulsed focused ultrasound (pFU) stimulation, to add a unique electrophysiological 
marker or tag to the focal electrophysiological activity within a small volume of brain (<<1 mm3) 
quantifiable via analysis of that high-frequency EEG tag. Our recently published work on this subject 
motivates this idea, whose results suggest that pFU can spatially tag focal regions within the brain in a 
manner that allows reconstruction of brain activity within that focus through analysis of EEG signals 
measured subdermally. We propose to test this idea with our proposed study, in which we create a unique 
and known oscillatory signal (with a unique frequency) within the visual cortex by shining a blinking 
light into the eye of an anesthetized rodent. A successful test of our idea will allow extraction of that 
special frequency if and only if the pFU focus lies within the correct aspect of the visual cortex. If we are 
successful, work based on our approach may one day allow recording of electrical activity non-invasively 
from anywhere within the brain, including simultaneously from several portions of brain, at millisecond 
time scales and with millimeter spatial resolution. Additionally, non-invasive BCIs will be made possible 
by this technique, as it effectively would allow placement of a virtual probe anywhere on the brain. 
Finally, appropriate pFU protocols can modulate brain activity, opening the possibility of using pFU plus 
EEG to create a closed-loop BCI system through embodiment of pFU protocols that can monitor and, 
separately, alter brain function.  
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Interdisciplinary Training in Computational Neuroscience for Researchers from Graduate and 
Medical Students to Junior Faculty 
Nair, Satish; Schulz, David; McClellan, Andrew; Bergin, David 
Poster 108, Session 1 

Curriculum: The 2-week summer course begins with hands-on illustration of neurophysiological concepts 
via free software experiments and some wet-lab experiments using a “from biology to model and back 
again” approach. The software package NEURON is used to model single neurons and circuits of 
neurons. In parallel, researchers worked on three defined projects and on their own individual 
computational research project.  

Summer 2016 (Year 1): We received 80 applications from pre-docs (48), medical students (7), post-docs 
(11), medical residents (1), and faculty (13). The 24 selected included 14 pre-docs, 4 post-docs, 4 MD or 
MD/PhD students, and 2 faculty. Among this group of 9 women and 15 men, the ethnicity distribution 
was as follows: 2 African American, 5 Hispanic, 12 Caucasian, and 5 Asian. 

Preliminary evaluation: Of the 24 attendees, 19 completed both pre- and post- surveys via anonymous, 
voluntary online surveys. The responses were positive, and 95% of participants indicated that they would 
recommend the course to others. We used a detailed 14-item survey of the course contents, and most were 
favorably rated. Self-efficacy refers to one’s confidence to carry out actions necessary to attain a desired 
performance; it is future oriented, referring to confidence for future behavior (Bandura, 1997). Self-
efficacy is important because learners with high self-efficacy also tend to demonstrate interest, 
achievement, effort, persistence, and strategy use. We averaged 12 self-efficacy items for the summer 
workshop material and computed a paired t-test to compare Times 1 (M = 854) and 2 (M = 1,017). A 
statistically significant improvement in self-efficacy (t = -4.3, p < .001) provided evidence that 
participants grew in their confidence to perform the tasks taught in the course. 

 

Heavy-Tailed Bayesian Cue Integration Explains the Dynamics of Vocal Learning in Songbirds 
Zhou, Baohua; Hofmann, David; Sober, Samuel J.; Nemenman, Ilya 
Poster 110, Session 1 

The acoustics of vocal production in songbirds is tightly regulated during both development and 
adulthood as birds progressively refine their song using sensory feedback to match an acoustic target. 
Here we perturb this sensory feedback by using headphones to shift the pitch (fundamental frequency) of 
the song. When the pitch is shifted upwards (downwards), birds eventually learn to compensate and sing 
lower (higher), bringing the experienced pitch closer to the target. Paradoxically, the speed and amplitude 
of this sensorimotor learning decrease for larger introduced errors, so that the animal responds rapidly to a 
small sensory perturbation, while seemingly ignoring and never correcting a much bigger one. Similar 
results are observed for other species and behaviors. We develop a mathematical model based on 
Bayesian integration of two sensory modalities (one perturbed by the headphones and the other not), 
evidence from each distributed in a non-Gaussian, heavy-tailed fashion, consistent with experimental 
data. The model quantitatively explains our experimental observations. Furthermore, the model makes 
quantitative predictions about the structure of the probability distribution of the pitches sung by birds 
during the pitch shift experiments (increase of the variance, emergence of bimodality), which we confirm 
experimentally.  
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Sleep’s Role in Determining the Fate of Individual Memories 
Antony, James; Wang, Boyu; Cheng, Larry; Pacheco, Paula; Paller, Ken; Norman, Kenneth 
Poster 112, Session 1 

Two fundamental features of memory storage are competition amongst individual memories and 
reactivation-based strengthening—strong memory reactivation enhances storage, whereas weak 
reactivation paradoxically impairs it, at least during waking. In two studies, we investigated memory 
storage, importance, competition, and strength of reactivation during sleep. Participants first learned 
arbitrary associations between specific environmental sounds and picture items (celebrities, landmarks, 
and common objects). Some sounds were linked with one item (singular), whereas some were linked with 
two items from separate categories (paired). Next, participants learned the spatial location of each item 
against a background grid, where each paired item was assigned either a high or low monetary reward to 
be allotted at pre- and post-nap tests. Critically, we manipulated the level of competition between paired 
items for different groups of participants by presenting them either consecutively or interleaved (direct or 
indirect competition, respectively). Next, participants took a pre-nap test and slept in the lab. During 
intervals of slow-wave sleep, we presented all singular and half of the paired sounds. After the nap, 
participants took a final memory test. The level of competition strongly impacted the effect of memory 
reactivation: Cueing improved retention under indirect competition and impaired it under direct 
competition. We will next search for neural patterns of memory reactivation using classifiers trained on 
post-cue sleep periods for remembered vs. forgotten items. In line with results of memory reactivation 
during wake, we anticipate memory retention will correlate positively with high levels of reactivation and 
negatively with moderate levels of reactivation. We anticipate that this line of research will elucidate 
brain mechanisms of memory storage and reactivation, which can potentially provide societal benefits 
through clinical and educational applications and optimize the operation of human memory functions 
generally. 

 

Neuronal Substrates of Hemodynamic Signals in the Prefrontal Cortex 
O’Doherty, John; Tsao, Doris; Lee, Daeyeol; Howard, Matt; Oya, Hiroyuki 
Poster 116, Session 1 

MRI is the dominant technique for probing human prefrontal cortex functions in cognition, learning, and 
decision-making. This work is predicated on the assumption that fMRI activation relates in a principled 
manner to the underlying neuronal activity in a given area of prefrontal cortex. Yet virtually nothing is 
known about how fMRI activations relate to the underlying neural computations within the prefrontal 
cortex, in contrast to a burgeoning research agenda on this question focused on posterior visual areas. We 
recently (Sept. 2016) obtained an R01 grant through the BRAIN Initiative to address this question. In this 
poster, we will briefly outline our research objectives and plans. 

The overarching goal of this project is to elucidate the relationship between neuronal computations and 
fMRI responses in the same areas of the prefrontal cortex. To achieve this goal, we will measure fMRI 
activity to identify the locus of activations in prefrontal cortex while separately recording neuronal 
activity, using a multi-electrode recording system whose placement is guided by those fMRI activations. 
We will also probe the neurophysiological basis of functional connectivity typically found between 
regions of prefrontal cortex in human fMRI studies, by recording simultaneously from multiple regions 
identified as being functionally connected through our fMRI measurements.  
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Label-Free 4-D Optical Detection of Neural Activity 
Binder, Devin K.; Bazhenov, Maxim V.; Park, B. Hyle 
Poster 118, Session 1 

We propose to develop a functional extension of optical coherence tomography (OCT) to detect neural 
activity on the time scale of a single spike and the spatial scale of single cells. Neural activity in any 
tissue produces tiny physical changes in the geometry and refractive index of neurons that can be detected 
with interferometric methods that are the basis for OCT. Unlike fluorescence methods, interference 
measurements do not require modification of the sample through direct or genetic introduction of an 
exogenous label. By utilizing both the intensity and the phase information obtained in OCT, we can, in 
principle, directly examine levels of activity over a millimeter-scale field of view and in single cells at 
sub-millisecond resolution. In addition to previous results in vivo, preliminary data in ex vivo 
hippocampal murine brain slices demonstrates that non-vascular-coupled changes in OCT-based measures 
of attenuation and phase can be used to detect pathologic levels of activity. We will develop our label-free 
functional extensions of OCT for detection of physiologic levels of neural activity and validate these 
measures using multi-electrode arrays (MEAs) ex vivo. 

Our current experiments involve increasing the temporal resolution of both intensity and phase detection 
of neural activity both in vivo and in hippocampal brain slices for decreasing levels of activity, 
examination of OCT-based changes in relation to GCaMP fluorescence in Drosophila, and preliminary 
work using a line-field approach. 

 

Conducting Polymer Nanowires for Neural Modulation 
Payne, Christine; Flanders, Bret 
Poster 120, Session 1 

Understanding how people think, act, and feel ultimately requires understanding how neural circuits 
interact spatially and temporally. This level of understanding requires fundamentally new tools that are 
high-throughput, direct, and non-invasive. Current methods are unable to satisfy all of these requirements 
simultaneously. An ideal tool would provide direct access to individual neurons while not damaging the 
surrounding tissue. Electrodes made from metals, silicon, and carbon fibers are relatively hard and brittle, 
making them inherently bio-incompatible. Using electropolymerization, we have produced <500 nm 
diameter PEDOT:PSS conducting polymer nanowires with a Young’s modulus of <1 GPa, two orders of 
magnitude more elastic than current state-of-the-art carbon fiber electrodes. The length of the wire, 
ranging from 800 nm to 10 mm, is controlled during the electrochemical polymerization. We expect that 
conducting polymer nanowires, better matched to the elasticity of the brain, will provide significantly 
improved compatibility with neural tissue compared to current electrodes. We have used the conducting 
polymer wires to control the electrical properties of two cell types: (1) action potential of heart cells, 
measured as cellular “beating,” and (2) resting membrane potential of bacteria, measured with a 
membrane potential–sensitive fluorescent dye. In addition to controlling cellular beating of the 
cardiomyocytes, the conducting polymer wires can also be used to induce beating in an inactive cell. 
Current work is aimed at functionalizing the wires with proteins for attachment to subpopulations of cells. 
While this R21 is limited to the construction of a prototype device for use on the cellular level, future 
research will test these conducting polymer wires in brain slices and in mice, using an automated patch-
clamping robot developed at Georgia Tech. Overall, this research will develop an entirely new nanoscale 
tool for neural measurement and modulation on a single-cell level.  
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Optimal Calcium Imaging with Shaped Excitation 
Peterka, Darcy; Friedrich, Johannes; Paninski, Liam 
Poster 122, Session 1 

We introduce a joint computational imaging method, leveraging modern computational demixing 
methods with optical hardware to increase imaging speeds for in vivo calcium imaging. We will use a 
spatial light modulator as a flexible and dynamic tool for creating shaped excitation patterns that allow for 
optical spatial downsampling, while taking better advantage of available laser power. When combined 
with enhanced source separation methods and reasonable priors, single-cell functional resolution is 
maintained, with high SNR, even with the spatial undersampling. The resulting platform should be easy 
to implement, and the strategy widely applicable by labs using multi-photon imaging methods. 

 

VIrtual Brain Electrode (VIBE) for Imaging Neuronal Activity 
Philips, Gavin; Magnani, Mauro; Antonelli, Antonella; Gleich, Bernhard; Bulte, Jeff 
Poster 124, Session 1 

The high temporal resolution of electroencephalography (EEG) provides a significant advantage over 
other functional imaging modalities, but its limited spatial resolution often proves problematic. 
Mathematical methods of estimating the spatial sources of EEG signals are insufficient in many 
applications, due to the fact that the associated inverse problem is ill posed. The purpose of this project is 
to spatially encode neural signals by way of amplitude modulation so that their sources may be 
differentiated in EEG recordings from scalp electrodes. We intend to modulate these signals by 
selectively manipulating tissue conductivity, which we will accomplish by exploiting the biconcave shape 
of erythrocytes. Erythrocytes that are oriented orthogonally to the direction of electric current are 
expected to impede its flow more significantly than those parallel to it. In order to reduce the strength of 
the magnetic field necessary to reorient erythrocytes in vivo, we load the erythrocytes with 
superparamagnetic iron oxide (SPIO) nanoparticles. To assess the feasibility of this approach, we have 
encapsulated SPIO nanoparticles (Ferucarbotran; ~60 nm hydrodynamic diameter; carboxydextran 
coated) in erythrocytes via hypotonic dialysis. As confirmed by transmission electron microscopy (TEM) 
and inductively coupled plasma mass spectrometry (ICP-MS), particles are uniformly distributed within 
the cells, with minimal adhesion to cell membranes. Preliminary tests of bulk nanoparticles (250 mM) 
combined with isolated erythrocytes demonstrate responsiveness to external magnetic fields; however, 
magnetic response of encapsulated SPIO (5–20 mM) is not optically discernable. A magnetic field–
compatible apparatus has been developed to enable measurement of static and flowing blood conductivity 
within fields of varying strength and orientation, utilizing a four-pole configuration with variable 
electrode distance. Further tests will elucidate the response of SPIO-loaded cells to alternating fields and 
corresponding modulation of blood and tissue conductivity.  
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Multimode Fiber Fluorescence Endoscopic Device 
Caravaca, Antonio; Singh, Sakshi; Piestun, Rafael 
Poster 126, Session 1 

Neuroscience has benefited from optical imaging approaches by utilizing fluorophores and chemically 
synthesized dyes that report the dynamics of the neuronal activity, usually referred as optogenetics. Live 
optogenetic experiments have been carried out typically using invasive approaches where the skull is 
removed because the resolution and penetration depth of optical imaging in biological tissue is severely 
degraded by scattering, limiting the non-invasive approaches. Micro-endoscopy reduces the invasiveness, 
using relatively thin endoscopes based on optical fibers or GRIN lenses, decreasing the damage or 
problems caused by the more invasive approaches. The University of Colorado at Boulder is developing 
an ultra-thin fluorescence endoscope for brain imaging based on a single multimode fiber (MMF). 

The endoscope is composed of a digital micromirror device to modulate the input optical wavefront and 
fast-calibrate the MMF, allowing projection of arbitrary excitation patterns at the distal tip of the fiber. 
The fluorescence signal emitted by the sample is collected by the same MMF and sent to a 
photomultiplier tube. Multiple signals corresponding to different excitation patterns are recorded by the 
photomultiplier tube and fed into image reconstruction algorithms to obtain the corresponding 
fluorescence image at the distal tip of the MMF. The system is targeting fluorescence imaging in vivo at a 
few hertz frame rate. 

Different multimode fibers with diameters ranging from 50 µm to 200 µm have been tested and their 
performance quantified based on the quality of the focus (signal to background) and robustness of the 
calibration to perturbations. Ongoing research aims at developing new excitation illumination techniques 
to reduce the complexity of the system and accelerate speed.  
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A Molecular Taxonomy of Cell Types in Developing Human Cortex 
Polioudakis, Damon; de la Torre-Ubieta, Luis; Langerman, Justin; Stein, Jason L.; Ramaswami, Gokul; 
Opland, Carly K.; Hinz, Flora I.; Vuong, Celine K.; Lu, Daning; Allison, Thomas; Black, Douglas L.; 
Sabri, Shan; Plath, Kathrin; Geschwind, Daniel H. 
Poster 128, Session 1 

Little is known about the number, proportion, or lineage of distinct cell types in the developing human 
brain. Single-cell mRNA expression profiles can provide an accurate and efficient rubric for a 
classification schema. Using multiple single-cell RNA-seq (scRNA-seq) technologies, we define cell 
types in the fetal human neocortex and identify biases in gene quantification. We focus on the cortical 
anlage, separating it into the germinal zones (ventricular zone + subventricular zone) and developing 
cortex (subplate and cortical plate) prior to single-cell isolation. Separating the germinal zones and 
developing cortex enriches for smaller progenitor and larger post-mitotic cell populations, respectively. 
This provides a useful metric for assessing accurate sampling of the populations, since the diversity in cell 
sizes and states differs between these layers. Using Drop-seq and microfluidics approaches, we obtained 
and compared profiles for ~4,000 cells from GW17 human cortex. Using unbiased clustering, we 
identified expression profiles corresponding to all known major cell types at this developmental period, 
including radial glia, intermediate progenitors, migrating and cortical plate excitatory neurons, 
interneurons, and oligodendrocyte precursors, consistent with expectations based on previous work. We 
find our cell type–specific expression signatures recapitulate signatures identified in first-generation 
scRNA-seq catalogs and extend these catalogs to all major cell types of the cortical anlage. One concern 
about scRNA-seq approaches is the potential bias or loss of certain cell types introduced in the sorting 
procedure. To determine the extent to which these single-cell approaches recapitulate native tissue 
profiles, we compared pooled scRNA-seq data with bulk tissue. We observed a minimum correlation of 
0.73 with bulk RNA-seq from these regions, indicating that most transcripts are similarly expressed, but 
did identify areas of potential bias. We anticipate that refining clustering methods and additional 
sequencing will increase clustering resolution to identify novel subclasses of neurons and other cell types. 
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Identifying Design Principles of Neural Cells 
Mahadevan, Arun; Tandon, Bhavna; Robinson, Jacob; Wagner, Dan; Qutub, Amina Ann 
Poster 130, Session 1 

Neural differentiation, the process of neural progenitor cells (NPCs) transforming into neurons, holds the 
key to understanding the brain’s ability to self-repair. Understanding this complex process can inform us 
how the structure of neural networks relates to their function, an important unsolved problem in 
neuroscience. This project’s ultimate goal is a mechanistically detailed theory of how neural networks 
form as a result of decisions made by single NPCs. Integrating emerging methods from three disciplines 
(systems biology, nanotechnology, and developmental biology), the investigators will identify cell 
features critical to network formation and predict how heterogeneity and noise in the cell population 
defines the network’s function. Here we present results stemming from our analysis of cell-cell 
organization during differentiation. 

A quantitative understanding of how NPCs differentiate into neural networks can provide critical insight 
into how to optimize neural regenerative strategies. To that end, we characterized the dynamics of human 
embryonic NPC self-organization during differentiation by employing a spatially derived graphical 
analysis and a Ca2+ signaling analysis. Distinct neural differentiation stages identified by the graph-based 
approach were independently confirmed through patch-clamp electrophysiology and immunochemistry. 
Neural differentiation events including the formation of rosette-like structures and neurite extension were 
captured. Results showed that NPCs self-organize into tightly connected cliques as they become 
functional neurons. We identified relationships between network efficiency and modularity, which we 
hypothesized indicate a shift in the communication mode of cells from one driven by adjacency-
dependent signaling to electrical conduction. These results provide insight into the design of developing 
neural networks, opening the door for new applications that modulate neural cell self-organization to 
drive differentiation. 

We summarize these findings and results on Ca2+ assays in vitro and in vivo, presenting them in the 
context of the overall goal to characterize how NPCs integrate morphological, chemical, and electrical 
signals to form functional neural networks.  
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MindFlight: BCI Control of Multiple Simulated Aircraft 
Rich, Matthew; Pino, Johnathan; Cybyk, Daniel; Ellsworth, Jonathan; Katta, Nitish; Koterba, Zachary; 
Drake, David; Fifer, Matthew; Tenore, Francesco; D’Angelo, Denise; Beaty, James; Collinger, Jen; 
Downey, John; Wabiszewski, Cody; Weiss, Jeffrey; Boninger, Michael; McLoughlin, Michael; 
Pohlmeyer, Eric 
Poster 134, Session 1 

The Revolutionizing Prosthetics program has demonstrated that brain–computer interface (BCI) users can 
control reaching and grasping of an anthropomorphic robotic limb, JHU/APL’s Modular Prosthetic Limb 
(MPL), by direct decoding of neural activity. BCI efforts typically focus on controlling such systems by 
calibrating the neural decoder using envisioned arm and hand movements and then using decoded 
commands to drive a system that is designed to reflect natural motor movement control (e.g., a computer 
cursor). MindFlight explores whether a BCI based on controlling the MPL can be adapted to control a 
non-anthropomorphic system with control characteristics distinct from the human body (e.g., a simulated 
aircraft). The effort also investigates the feasibility of translating multidimensional control of a single BCI 
system into simultaneous control of multiple systems (e.g., multiple independent aircraft). Prior to 
entering the aircraft control paradigm, the BCI is calibrated to control MPL velocities (endpoint 
translation, wrist rotation, and coordinated grasp) in a virtual environment. The BCI user was able to 
adapt the output of this decoder to control a single simulated aircraft in two degrees of freedom by 
manipulating its aileron and elevator control surfaces. Controlling the aircraft via the control surfaces is a 
considerably different control task than manipulating MPL movements. For example, a neural command 
that would cause the MPL to steadily translate upward would instead result in an elevator displacement 
that causes the aircraft to pitch up at an ever-increasing rate, eventually resulting in a loop. A second BCI 
system (a pair of additional aircraft) was then added to test simultaneous control of multiple unconnected 
and individual planes. In these tests, the BCI user continued to successfully navigate the original aircraft 
while also controlling formation spacing through a separate (additional) degree of freedom. 
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Long-Duration FLARE Biosensor Imaging Using Inverted Selective Plane Illumination Microscopy 
Markwardt, Michele L.; Guo, Min; Snell, Nicole E.; Wu, Yicong; Ross, Brian; Tenner, Brian; 
Christensen, Ryan; Blanpied, Thomas; Meredith, Andrea; Zhang, Jin; Shroff, Hari; Rizzo, Mark A. 
Poster 136, Session 1 

Large gaps in knowledge remain because current tools for tracking the dynamics of molecular activity are 
poorly suited for investigating more than one reporter at a time. FRET-based fluorescence anisotropy 
reporters (FLAREs) open the color space for additional fluorescent modalities and permit use of at least 
three FLAREs in a single specimen. Even so, quantitative FLARE imaging requires capture of high 
signal-to-noise images using lengthy exposure times, frequently leading to specimen damage and limited 
experimental duration. Here we have adapted inverted selective plane illumination microscopy (iSPIM) 
for FLARE imaging to quantify myosin phosphorylation during Caenorhabditis elegans development. 
The principle underlying construction of the myosin FLARE biosensor is presented, and we show that 
stimulation of myosin regulatory light chain phosphorylation and association with actin decreases the 
observed amount of FRET. Corresponding changes in FRET were observed by mutating myosin 
regulatory light chain phosphorylation sites to alanines or phosphomimetic aspartate residues. High-
FRET areas co-localize with phospho-myosin staining, and dynamic changes in myosin FRET were 
observed in migrating cells and in response to pharmacologic agents. Further, changes in GFP-myosin 
FLARE FRET during C. elegans embryonic development were recorded using iSPIM over an 
approximately 7-hour period without developmental delay. Quantitative analysis of myosin FLARE 
FRET revealed that phosphorylated myosin persists in the seam cells through the beginning of cuticle 
synthesis, despite a decrease in overall myosin levels at the end of elongation. This indicates that changes 
in myosin activity are functionally disconnected from changes in protein expression. Further, these 
studies demonstrate the utility of the FLARE-iSPIM approach ahead of its adaptation for functional 
studies in murine brain slices.  
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Non-Invasive Event-Related Potentials Elicited by Subthalamic DBS During Surgery Predict 
Postoperative Corticospinal Motor Side Effects 
Romeo, Andrew; Dubuc, Darcy; Gonzalez, Christopher; Patel, Naishal; Cutter, Gary; Delk, Haley; 
Guthrie, Barton; Walker, Harrison 
Poster 138, Session 1 

Introduction: Although DBS is effective for movement disorders, improvement varies substantially in 
individual patients, across clinical trials, and over time. Non-invasive predictive biomarkers could be used 
to tailor outcomes in individuals and to guide emerging technologies such as current steering and closed 
loop stimulation. We sought to evaluate whether non-invasive event-related potentials elicited by 
subthalamic DBS during surgery predict the tolerability of a given stimulation site in advanced 
Parkinson’s disease. 

Methods: Using electroencephalography, we measured event-related potentials elicited by 20 Hz 
subthalamic DBS over a range of stimulus intensities and across the spatial extent of the implanted 
electrode array in 11 patients. We minimized the electrical stimulus artifact and correlated the timing and 
morphology of event-related potentials elicited by DBS with stimulus amplitude thresholds for motor side 
effects during postoperative programming. 

Results: DBS at stimulation sites associated with motor side effects during postoperative high-frequency 
stimulation elicits a large-amplitude high-frequency oscillation (HFO). This HFO has an onset latency of 
approximately 10 ms and a mean frequency of 175.8 ± 7.8 Hz. The lowest stimulus intensity that elicits 
the HFO during surgical targeting predicts the threshold for motor side effects with high-frequency DBS 
(≥130 Hz) during postoperative programming (p < 0.001, respectively, ANOVA). A ROC curve 
demonstrates robust sensitivity and specificity of the ERP assay (area under curve = 0.98, using 4 V 
postoperative motor side effect threshold as the binary discriminator). 

Conclusions: Minimally invasive cortical potentials elicited by DBS during targeting can predict 
clinically relevant corticospinal activation by stimulation after surgery. We propose a double-blind, 
randomized crossover study to evaluate stimulus-evoked cortical physiology as a potential biomarker to 
guide field shaping with emerging directional DBS electrode technology.  
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Bayesian Estimation of Cortical Networks 
Sapiro, Guillermo; Dunson, David; Ringach, Dario 
Poster 140, Session 1 

The overarching goal of our collaboration is to learn how large groups of neurons interact in a network to 
perform computations that go beyond the individual ability of each cell. Our working hypothesis is that 
emergent behavior in cortical networks results from their organization into a hierarchy of modular sub-
networks or motifs, each performing simpler computations than the network as a whole. Our work 
consists of: 

1. Developing novel system identification methods for cortical networks based on dynamical, two-photon 
imaging data. Our methods use a Bayesian formulation that incorporates prior constraints on network 
topology, sparsity of synaptic connections, and probability of connection between different cell types, 
which is critical to deal effectively with the high dimensionality of the problem and the levels of noise in 
neural data.  

2. Using graph theoretic methods to identify patterns of connectivity among subsets of neurons that 
appear at rates higher than chance. For the null hypothesis, we use a new class of random graphs that take 
into account the probability of connections as a function of distance among cells of different type.  

3. Obtaining validation data using in vivo and in vitro methods. In vivo, two-photon microscopy is used to 
image the activity of pyramidal neurons and three major classes of inhibitory cells (SOM, PV, VIP). We 
also record the response of the network to optogenetic stimulation of small sets of neurons via the red-
shifted opsin C1V1 using spatial-light modulators. Following the imaging sessions, we perform whole-
cell, pairwise recordings of the same cells in vitro and assess their synaptic connectivity directly. These 
data can provide a “ground truth” against which we can validate our estimation algorithms and serve as a 
valuable resource for the community to explore alternative approaches.  
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Engineered Viral Tropism for Cell Type–Specific Manipulation of Neuronal Circuits 
Assadian, Farzaneh; He, Yungui; Esguerra, Manuel; Thomas, Mark J.; Schmidt, Daniel 
Poster 142, Session 1 

It is a longstanding goal of the neuroscience community to reveal how specific cell types contribute to 
different neural circuits that underlie cognition, behavior, and disease pathology. Although neuron types 
can be grouped into one-dimensional descriptive categories (excitatory, inhibitory, peptidergic, etc.), we 
know there is a great combinatorial diversity of neurons that differ in ion channel and receptor expression 
levels and fulfill discrete roles within neural circuits. 

Genetically targeting these different subsets is difficult when virally delivering transgenes to many 
neurons—with potentially adverse effects—and relying on cell type–specific promoters for selective 
expression—the current state of the art. The mismatch between naturally evolved properties of commonly 
used viral vectors, specifically their broad tropism, and the researcher’s delivery needs is a barrier to 
achieving greater cell-type specificity. 

We are developing a viral gene delivery platform that removes legacy constraints of natural evolution and 
engineers biomedically relevant properties into adeno-associated virus (eAAV) to improve their tropism 
for user-specified sets of cells. We achieve this by displaying peptide toxins on recombinant viral capsids 
to redirect eAAV binding toward distinct sets of ion channels and receptors expressed on the surface of 
neurons. 

Here we describe biochemical evidence that cysteine-rich peptide toxins can be functionally expressed on 
the extracellular face of AAV viral capsid, and we delineate the specific protein design guidelines that 
route these hard-to-fold proteins through the required subcellular compartments for assembly into 
functional viral capsids during recombinant virus production. Importantly, peptide toxins do retain their 
functional fold, as indicated by eAAVs’ ability to infect primary neuron culture in a peptide toxin and 
target channel–dependent fashion. Demonstrations of a channel specificity, both in vitro and ex vivo, are 
now within immediate reach.  
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Cell Circuits and Physiological Processes Underlying Resting fMRI Signals 
Schroeder, Charles; Falchier, Arnaud; Opitz, Alex; Linn, Gary; Ross, Deborah; Kajikawa, Yoshinao; 
Craddock, Cameron; Lakatos, Peter; Colcombe, Stan; Milham, Michael 
Poster 144, Session 1 

Intrinsic BOLD ‘functional connectivity’ (iFC) reliably distinguishes networks of cortical and subcortical 
areas during both rest and active task performance. However, despite increasingly widespread application 
of iFC measures in clinical neuroscience, biomarker discovery, and human connectomics, the neural 
circuits and cellular processes underlying BOLD-iFC remain poorly specified. BOLD amplitude itself 
appears related to neural activity in the high gamma (HG) range (~70-200 Hz), and thus to an extent, to 
neuronal firing. However, BOLD’s relationship to the lower frequencies (<40Hz) is controversial. This is 
problematic, as these dynamics reflect ongoing cell-circuit excitability fluctuations that control neuronal 
firing; i.e., the amplitude of neural population firing is “coupled” to oscillatory phase. In this, the simplest 
form of such phase-amplitude coupling (PAC), amplitude variations in higher frequency activity (e.g., 
firing or HG) are coupled to the phase of a lower frequency (e.g., theta). PAC operates both pairwise and 
recursively over the spectrum, from the range of neuronal firing down to the slow/infraslow (<1Hz) range 
where BOLD amplitude fluctuations are observed using resting state fMRI (R-fMRI). Thus PAC may 
provide a key to connecting resting BOLD fluctuations to activity cycles in the underlying cell circuits. 
We use integrated human and monkey studies to investigate the relationship between macroscale BOLD-
derived iFC patterns, and their underlying mechanisms at the microscale cell-circuit level. We study the 
sensorimotor network, as its “nodal” organization and other properties are well understood, and it has 
good human-simian correspondence. Focusing on key nodes in this network (e.g., hand representations), 
we will tie R-FMRI iFC to macroscale scalp EEG and mesoscale stereotactic (S)-EEG, using laminar 
multielectrode methods to establish novel links to the cell circuit level. Established modeling and 
computational methods will help to construct a comprehensive model that connects macroscale iFC to 
underlying microscale, cell circuit activity.  
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A Strategy to Measure Electrophysiological Changes in Deep Tissue 
Sepela, Rebecka; Sherlock, Ben; Marcu, Laura; Tian, Lin; Sack, Jon 
Poster 146, Session 1 

A three-dimensional understanding of electrophysiological dynamics in the brain requires a technique that 
spatially and temporally resolves neuronal activity deep in the brain. Photon scattering in brain tissue 
limits most light microscopy to superficial depths. When photons propagate longer than one mean free 
path, a distance of about 1 mm in turbid tissue, they lose coherence and are not resolved with integrity by 
ballistic imaging methods. Photoacoustic imaging, an emerging technology, combines a photonic 
stimulus with deep-tissue ultrasonic detection to create an absorbance-based imaging modality capable of 
imaging cm depths in tissue. This technique retains spatial resolution that is approximately 1/200th of the 
depth penetration. Fully optimized photoacoustic microscopes can achieve 3 μm spatial resolution and 
100 kHz temporal resolution. We are developing molecular tracers to visualize neuronal ionic activity in 
the deep brain with photoacoustic imaging. These tracers use a tarantula toxin, labeled with a 
photoacoustic contrast agent, to bind preferentially to a specific type of potassium voltage-gated ion 
channel. These tracers have molecular specificity and conformation specificity, binding to resting Kv2 ion 
channels. In response to depolarizing membrane voltages, channels change to their active state, 
facilitating ionic efflux and cell repolarization; here the tracer dissociates. By imaging the tracer, we aim 
to obtain maps of when and where voltage activates specific ion channel types. The tracer witnesses 
different chemical environments in response to voltage activation, and these environments confer altered 
absorbance properties. Photoacoustic evaluation shows robust signal intensity changes when the tracer 
moves from chemical environments mimicking channel binding and dissociation. We are working to see 
similar photoacoustic intensity shifts in response to modulated ion channel dynamics in live cells. Deep 
tissue imaging of electrophysiological channel dynamics will identify key regions and temporal patterns 
involved in physiological and pathophysiological neural activity.  
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Genetically Encoded Light Sources for Non-Invasive Optogenetics 
Shaner, Nathan C.; Hochgeschwender, Ute 
Poster 148, Session 1 

We developed a technology that capitalizes on the unique properties of optogenetic actuators and 
combines them with non-invasive light activation by luciferases via systemically applied small substrate 
molecules. Our strategy takes advantage of light-gated ion channels and pumps (i.e., direct translation of 
light activation into neural effects; effective in any neuron type; ever-expanding repertoire of 
functionality) by using them as the common denominator but switching out the light source from an 
invasive physical to a non-invasive biological one (i.e., a light-producing protein, or luciferase). The 
luciferase emits light, activating the optogenetic actuator upon systemic application of its small-molecule 
substrate, coelenterazine (CTZ), which crosses the blood–brain barrier. Thus, using “biological” light 
allows non-invasive photonic control of neurons. 

To move this non-invasive optogenetic manipulation approach closer to potential clinical applications, we 
are addressing two key requirements: the need to increase overall light output of the luciferase to allow 
light production with substrate concentrations acceptable for human systemic application; and the need to 
broaden the spectrum of emitted light in order to take full advantage of the entire arsenal of optogenetic 
tools, which includes yellow to red sensing actuators. 

To achieve these goals, we are taking advantage of intramolecular bioluminescence resonance energy 
transfer (BRET), in which the excited state energy of a luciferin substrate bound to a luciferase (Luc) is 
efficiently transferred to an acceptor fluorescent protein (FP) by a Förster resonance energy transfer 
(FRET) mechanism, thereby increasing the emitted photon number. The high quantum efficiency of the 
Förster mechanism allows the overall light emission from the FP acceptor in these intra-molecular BRET 
pairs to be higher than that from the Luc alone. In addition, the light emitted from a Luc-FP fusion will be 
shifted from the light characteristic for Luc luminescence to the emission wavelength of the FP. 
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De Novo Molecular Classification Retinal Neurons Using Large-Scale Single-Cell Transcriptomics 
Shekhar, Karthik; Peng, Yirong; Whitney, Irene; Lapan, Sylvain; Adiconis, Xian; Levin, Joshua; Cepko, 
Constance; Regev, Aviv; Sanes, Joshua 
Poster 152, Session 1 

One of the main priorities of the BRAIN Initiative is to develop technologies for classification of neurons 
based on molecular markers. A molecular classification can provide access to specific neuronal types, so 
they can be marked and manipulated to facilitate comparison of results across laboratories and to 
determine which cell types are compromised in brain disorders. 

We have recently applied droplet-based single-cell transcriptomics (Drop-seq) to produce molecular 
taxonomies of mouse retinal neurons. The first report (Macosko et al., Cell, 2015) analyzed 44,808 cells 
dissociated from mouse retina to identify 39 types spanning the five major classes of retinal neurons. 
Because of the preponderance of rods (~80%), many of the estimated ≥100 neuronal types were missed. 
We recently analyzed ~28,000 bipolar neurons enriched using the Vsx2-GFP line and used improved 
computational algorithms to identify all 12 types described previously, and we found 3 novel types 
(Shekhar et al., Cell, 2016). By combining FISH with lentiviral-mediated cell labeling, we matched the 
molecular expression of each type against its morphology. 

We are now working to classify retinal ganglion cells (RGCs), a diverse class of projection neurons that 
serve as “feature detectors” in the retina. As they constitute <0.5% of retinal neurons, we are using anti-
Thy1 to enrich for RGCs prior to Drop-seq. Preliminary results of 15,000 mouse RGCs isolated at post-
natal day 5 (P5) reveal a staggering diversity of types, including known types like direction-selective 
RGCs, intrinsically photosensitive (ip)–RGCs, J-RGCs, W3-RGCs, and many previously uncharacterized 
types. We are in the process of collecting data from P17 RGCs, and also RGCs isolated from zebrafish 
and macaques, toward a cross-species comparison. We have substantially advanced our computational 
approaches to enable large datasets to be processed efficiently. Our studies will guide efforts to categorize 
neurons for which less pre-existing information is available. 

 

Multi-Channel MR-Compatible Flexible Microelectrode for Brain Stimulation 
Lee, Sung-Ho; Broadwater, Margaret; Lai, Hsin-Yi; Kao, Jill; Franklin, Rob; Chen, You-Yin; Shih, Yen-
Yu Ian 
Poster 154, Session 1 

Deep brain stimulation (DBS) is a well-established neurosurgical therapy for multiple neurological and 
psychiatric disorders. Despite its growing use, the circuit mechanisms underlying the therapeutic DBS 
effects are poorly understood, representing a major challenge to refinement for enhanced efficacy and 
reduced side effects. Our team has previously implemented an approach to map DBS-induced circuit 
changes using simultaneous functional magnetic resonance imaging (fMRI) in animal models. In this 
project, we further developed an MR-compatible, 16-channel microelectrode array down to 75 µm 
electrode pitch for high-resolution DBS-fMRI applications. In contrast to many platinum-iridium, glass, 
and silicon-based electrodes, our microelectrode uses a flexible, highly biocompatible, and MR-
compatible base substrate—polyimide with gold contact leads—allowing a better match of brain 
mechanical impedance than other materials commonly used. This flexible probe can also accommodate a 
variety of brain MR coils and gradient inserts of small-bore preclinical MRI systems. Our pilot results 
demonstrated negligible MR susceptibility artifact when using this microelectrode for DBS in vivo, 
permitting examination of responses at both the stimulus target region and areas functionally connected to 
the stimulus target. We also demonstrated promising robust evoked responses and circuit connectivity 
changes in the rat brain during active DBS-fMRI.  
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Monitoring Neuronal Signal Integration by Selective Access Multifoci Multiphoton Microscopy 
So, Peter T. C.; Xue, Yi; Berry, Kalin; Takiguchi, Yu; Subramanian, Jaichandar; Rowlands, Christopher; 
Nedivi, Elly 
Poster 156, Session 1 

Our project seeks to develop technology capable of monitoring how a single neuron integrates signals 
from more than 104 synapses. This requires optical imaging technology with high resolution and high 
speed for both structural and functional imaging. Parallel multifoci imaging is a method that can 
significantly improve imaging speed while preserving high image signal-to-noise ratio (SNR). Here we 
demonstrate a scanless method, selective access multifoci multiphoton microscopy (saMMM), for 
volumetric structural and functional imaging. The system is able to excite multiple foci in parallel using a 
spatial light modulator and, more importantly, detect fluorescence from these multiple spots 
simultaneously using a Gaussian-Laguerre (GL) phase plate for phase modulation. The phase plate 
modulates a Gaussian point spread function to double-helix point spread function, which both extends the 
depth of focus and encodes axial position by rotation angle. We show the advantage of the system by 
simultaneously recording calcium dynamics in cultured neuron from 149 locations spanning the full field 
of view and demonstrating that we can simultaneously excite and detect these locations in three 
dimensions and reconstruct their exact axial positions from a single-plane image. We compared calcium 
dynamics recorded with and without modulation with a GL phase plate in terms of SNR and found that 
this “3D image by one shot” strategy significantly improved the signal-to-noise ratio of fluorescent 
images, even at the accelerated imaging speed. The selective access illumination further elevates the 
imaging speed by only recording the labeled area and avoids unnecessary photodamage to the specimen. 
The scanless design breaks through the limit of mechanical scanning speed, ensuring that the recordings 
from all the targeted foci are strictly synchronized. We are working to further develop this saMMM 
system for in vivo applications requiring high-speed functional imaging.  
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Path Toward Direct MRI of NEMO (Neuro-Electro-Magnetic Oscillations): Activation in the 
Primary Visual Cortex In Vivo During Driven Visual Stimulation 
Truong, Trong-Kha; Roberts, Ken; Woldorff, Marty; Nicolelis, Miguel; Song, Allen 
Poster 158, Session 1 

To fundamentally improve the spatial and temporal resolution of non-invasive brain activity measures for 
significantly advancing our ability to investigate the mechanisms underlying both normal functions and 
disorders of the human brain, we have been developing MRI techniques that will have direct sensitivity to 
neuroelectric activities. In particular, we have developed a novel imaging technique that can be tuned 
selectively to neuro-electro-magnetic oscillations (NEMO) in specifiable frequency bands. In the past 
grant year, we applied this new technique to provide evidence for direct sensitivity to spontaneous 
neuronal oscillations in the alpha band (~10 Hz) in visual cortex. We have now refined this work to 
confirm such sensitivity. In addition, we have begun to expand this technique to directly image visually 
driven neuronal oscillations. An alternating (15 Hz) visual-stimulation paradigm was adopted to excite 
primary visual cortex, with the left visual field (checkerboard alternating with blank screen) set at 180 
degrees out of phase from the right visual field (blank screen alternating with checkerboard). This simple 
yet extremely effective paradigm can excite the visual areas with different left/right phases at this high 
frequency, which is well beyond what traditional BOLD fMRI could detect. In our preliminary 
investigations, we have observed opposite phases in the left and right primary visual fields across 
independent runs, demonstrating that our NEMO technique has the high temporal resolution that is on par 
with that of EEG. In addition, our approach has enabled us to further distinguish the BOLD and NEMO 
activations based on their distinct temporal onset responses, with the BOLD signal exhibiting the typical 
hemodynamic delay and the NEMO showing the much faster neuronal activation scale. Taken together, 
our experimental results demonstrate the strong promise of our new non-invasive human MRI technique 
that can be applied in vivo to investigate brain functions in both healthy and diseased populations. 

 

Individual and Task Differences in fMRI 
Steyvers, Mark; Gaut, Garren; Turner, Brandon; Li, Xiangrui; Lu, Zhong-Lin 
Poster 164, Session 1 

Recent studies have shown that functional connectivity patterns in fMRI are diagnostic of the behavioral 
tasks subjects are performing, as well as the identity of the subject. The goal of our study is to 
simultaneously analyze task and individual differences in a large fMRI dataset involving nine different 
behavioral tasks and 250 subjects. We pursued two analytic approaches. The first approach leverages 
statistical machine-learning methods to predict what task a subject is performing, as well as the identity of 
the subject, using a number of neuroimaging features, including functional connectivity but also low-
dimensional summary statistics of BOLD activation patterns. We demonstrate that the inferred models 
can generalize task and subject identity predictions to data collected in different scanning sessions. The 
second analytic approach investigates to what degree BOLD activation patterns are dependent on task, 
subject, and behavioral differences that are generalized to new scanning sessions. We demonstrate that 
although there are consistent differences based on task and behavior, BOLD activation patterns are most 
reliably predicted based on subject identity. In addition, we demonstrate that a subject’s activation 
patterns in a cognitive task can be reliably predicted by the subject’s activation patterns observed in 
resting state. Taken together, the results demonstrate that (1) individual differences explain a large 
proportion of the variability in the activation patterns, (2) individual differences are stable across 
cognitive tasks as well as scanning sessions, and (3) the activation pattern in resting state can be used to 
predict the individual activation pattern in cognitive tasks.  
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Grouped Electrocorticography Delineates Language Network Dynamics 
Tandon, Nitin; Forseth, Kiefer; Kadipasaoglu, Cihan; Donos, Cristian; Hickok, Greg; Dehaene, 
Stanislas; Pitkow, Xaq; Crone, Nathan 
Poster 166, Session 1 

Humans produce speech at high speeds and with incredible precision. The selection of a precise word out 
of a broad lexicon, optimized to syntactic and semantic context, is even more amazing in the context of 
the distributed network activated to select these words. Research on the neurophysiological basis of 
language processes is impeded by difficulties in capturing the temporal dynamics of cognitive processes 
within and between distributed sites of language processing. This limitation relates to the spatial and 
temporal resolution constraints of fMRI, EEG, behavioral, and lesion-based approaches. Intracranial 
recordings during language processes provide optimal resolution, yet prior studies of language processes 
have generally focused on spatial and temporal characteristics of individual regions in a fragmentary way, 
with limited analyses of network behavior. 

Pooling data across large numbers of patients is critical to address the sparse sampling problems inherent 
to these data and to make statements about all brain regions involved in a process rather than a single 
locus. We have developed a toolbox that allows for the integration of intracranial EEG (icEEG) data 
derived from penetrating depth electrodes (DEs) and surface subdural electrode recordings (SDEs) across 
a large cohort of patients to probe rapid interactions between distributed neural components. 

With paradigms designed around written language, we are probing the interactions between distributed 
regions during reading: early processing in visual word form area and lexical processing of 
semantic/syntactic content, plus the motor-speech networks engaged during phonological processing of 
the written word. A large cohort of 80 patients, at two sites, is being studied. Activity within and 
interactions between regions will be used to generate models of effective connectivity between visual, 
pre-frontal, motor, somatosensory, and auditory regions. These neurobiological models will be probed 
using controlled cortical stimulation to assess causal roles of nodes in the language network. 
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Neurotransmitter Absolute Concentration Determination with Diamond Electrode 
Tomshine, Jonathan; Jang, Dong-pyo; Manciu, Felicia; Lee, Kendall 
Poster 170, Session 1 

Deep brain stimulation (DBS) is a neurosurgical intervention that shows promise for treating a variety of 
disorders, yet it remains limited by its “open-loop” nature. This introduces the possibility of off-target 
effects, limiting the indications for which DBS may be applied. 

Fast-scan cyclic voltammetry (FSCV) is an analytical technique that is able to measure the 
neurotransmitters released as a result of DBS. However, existing FSCV methods and electrode designs 
are limited. Traditional electrodes for FSCV rely on carbon fiber and degrade quickly above 1.2–1.4 V. 
Furthermore, an implanted electrode cannot be easily recalibrated. This makes a zero-referenced FSCV 
protocol highly attractive, as it would obviate the need for a calibrated background. 

We have been working to overcome these limitations. Carbon fiber has been substituted with boron-
doped diamond, improving durability. Over 1,300 diamond electrodes have now been fabricated, 
exploring a wide envelope of material properties, and have been investigated in both an as-manufactured 
state and over the course of accelerated lifetime tests. Additionally, packaging efforts have resulted in 
electrode designs appropriate for both acute and chronic use in both small and large animals. 

Diamond has proven to be intrinsically less sensitive than carbon fiber but inherently stable over the long 
term. This stability makes it simpler to use mathematical techniques to extract additional signal from the 
FSCV data and reduce the limit of detection, even with less sensitive electrodes. Through appropriate 
signal processing, in vitro detection of dopamine to < 50 nM has been demonstrated. 

Work on the absolute value algorithm has progressed in parallel. A multi-pulse FSCV protocol has been 
substituted for the traditional triangular waveform. We have demonstrated the ability to accurately 
measure absolute concentrations of dopamine in vitro. In vivo, we have demonstrated the ability to track 
slow (“tonic”) changes in dopamine concentration subsequent to pharmacological manipulation in the rat.  
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Olfactory Navigation: Experimental and Algorithmic Analysis 
Urban, Nathan; Crimaldi, John; Ermentrout, Bard; Jacobs, Lucia; Nagel, Kathy; Verhagen, Justus; 
Victor, Jonathan 
Poster 172, Session 1 

Animals from flies to humans show a remarkable ability to use their olfactory system to navigate based 
on odor cues. The goal of our project is to understand—at both algorithmic and mechanistic levels—how 
animals perform these tasks. In the last year, much of our effort has focused on understanding the 
dynamics of olfactory stimuli through direct measurement of the complex, turbulent movement of odors 
under specifically controlled conditions, along with the development of models that account for key 
aspects of the behavior of mice and flies in odor navigation tasks. Specifically, we have developed laser-
induced fluoresce imaging techniques to record the spatiotemporal dynamics of odor movement in 
controlled airflow environments. Data acquired with these techniques indicate that odor plumes are highly 
intermittent, with a spatial structure that varies with distance from the plume source and centerline. We 
also have collected data on flies and mice using olfactory cues to identify odor sources in moving and 
nominally static air environments. These data are being used to test algorithms of odor navigation. Work 
in flies has shown that they use both olfactory and flow (wind) cues to navigate toward an odor source. 
By blocking olfactory and wind receptors, we have dissected the contribution of each of these senses to 
navigation. Based on these data, we have built a computational model that can locate an odor source in 
both turbulent and gradient environments. Work in mice has shown that these animals can perform source 
localization and trail following in nominally static environments and that key aspects of the behavior can 
be replicated by models in which casting and detection of sniff-to-sniff concentration differences drive 
decisions about turning directions.  
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Optimizing Flexible, Active Electrode Arrays for Chronic, Large-Scale Recording and Stimulation 
on the Scale of 100,000 Electrodes 
Viventi, Jonathan; Pesaran, Bijan; Rogers, John; Shepard, Kenneth 
Poster 174, Session 1 

In this BRAIN Initiative project, we will develop next-generation flexible micro-electrocortigraphic 
(µECoG) and penetrating electrode arrays using active electronics in complementary metal-oxide-
semiconductor (CMOS) technology. Active electronics enable amplification and multiplexing directly at 
each electrode, eliminating the need for implanted electrodes to be individually wired to remote 
electronics and greatly increasing the number and density of electrodes that can be recorded and 
stimulated. The flexibility of our arrays allows them to conform to the irregular geometry of the brain, 
yielding higher-fidelity signals and reducing damage to the brain when used in penetrating configurations. 
Integrated wireless data and power enables completely tether-free implants. Together, these innovations 
enable us to take high-resolution measurements over large areas of the brain while being less invasive, a 
substantial improvement over the current state of the art.  

In surface recording structures, we will demonstrate electrode arrays of up to 65,536 electrodes and 
amplifiers, spaced just 25.4 µm apart, where each electrode can be simultaneously sampled at 20 ksps, 
enabling a cellular-resolution brain interface across a 64 mm2 brain area. Each electrode can also be 
independently stimulated, or stimulated with patterns of activation, mimicking more natural excitation 
patterns. In penetrating arrays, we will demonstrate fully integrated, flexible penetrating neural probes 
with up to 512 electrodes per shank. Integrated wireless interfaces will permit sealing chronically 
implantable probes subcutaneously and in a manner in which the entire probe floats on the brain, 
eliminating the need to run wired interconnections through the skull. 

This project will make high-density electrode arrays available for the broader neuroscience community, 
enabling studies of large-scale recording and modulation in the nervous system. The innovations 
generated through this work have the potential to revolutionize our ability to understand the brain and will 
improve epilepsy surgery outcomes as well as advance the performance of motor and auditory prosthetics. 
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BRAIN EAGER: Electrogenetic Reporters of Neural Activity 
Wachowiak, Matt; Tabib-Azar, Massood; Douglass, Adam 
Poster 176, Session 1 

The goal of this project is to develop a new class of genetically encoded reporters of neural activity that 
use electrical or magnetic signals to report action potentials in genetically targeted neurons, as opposed to 
using optical signals as is the case for all current genetically encoded reporters. The proposed 
“electrogenetic” probes will allow neural activity to be recorded with high fidelity from defined cell types 
across the entire physiological range of neuronal firing rates, from any location in the mammalian brain, 
and in the freely behaving animal. In this NSF EAGER project, we are pursuing a new modality for 
genetically encoded reporters of activity that relies on electromagnetic signals that can be detected with 
conventional electrophysiological techniques or with techniques that leverage existing technology from 
other arenas, such as the detection of radio waves or magnetic field transients. We are pursuing two 
strategies aimed at establishing such a new reporting modality. 

Strategy 1 focuses on a genetically encoded protein that alters the extracellular action potential waveform 
to make it easily distinguishable from non-expressing cells and, ideally, increases its signal-to-noise ratio 
over other cells. Strategy 2 focuses on developing a reporter that generates action potential–triggered 
magnetic field signals that can be detected with near-field, nanoengineered magnetometer probes. We 
have identified three candidate reporter protein strategies, all of which involve ferromagnetic domains 
positioned to sense transmembrane potential. We have generated expression vectors for these proteins and 
are evaluating their potential to serve as magnetic reporters by measuring magnetic moment, expression 
in cell culture, and ability to generate detectable magnetic field transients at the population level. We have 
also made substantial progress in developing magnetometers to detect magnetic fields as low as 1 pT at 
room temperature. These sensors are now suitable for magnetoencephalography (MEG) and detection of 
magnetic dipoles of the reporter proteins.  
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Compressive Light Field Microscopy for Optogenetic Neural Activity Tracking 
Pegard, Nicolas; Liu, Hsiou-Yuan; Adesnik, Hillel; Waller, Laura 
Poster 178, Session 1 

Understanding the mechanisms of the living brain requires the ability to record and control electrical 
activity in many neurons simultaneously, with high spatial and temporal resolution. Functional imaging of 
genetically encoded activity sensors is one of the most promising avenues toward this because it permits 
dense sampling and unambiguous separation of nearby neurons. To achieve high-speed, volumetric 
imaging in a compact and inexpensive device, we propose to develop a new imaging modality: 
compressive four-dimensional (4-D) light field microscopy (LFM). In this approach, we will combine the 
advantages of LFM with compressed sensing to extract the activity of thousands of individual neurons 
with high spatial and temporal resolution through scattering tissue. In LFM, the sensor captures both the 
intensity and the angle of the light propagation. This allows 3-D reconstruction simply by placing a 
lenslet array in the imaging pathway. The LFM gives volumetric data at each time frame, so 3-D activity 
can be sampled at camera-limited frame rates. Unfortunately, imaging methods that operate in the one-
photon regime suffer from light scattering. Hence, we must consider the effects of tissue scattering 
through the 3-D volume. We propose a new approach to processing light field data that explicitly 
accounts for scatter effects to localize neurons deeper into scattering media. Our method leverages 
compressed sensing algorithms, which exploit the sparsity of the light emission in 3-D space and time. 
Importantly, the volume and resolution limits of our method are not set by the number of pixels captured, 
but rather by the number of active neurons at any given time. Thus, we hope to localize and measure the 
activity of thousands or millions of individually active neurons in large volumes of cerebral cortical 
tissue. 

 

Concurrent Multiphoton Microscopy and Magnetic Resonance Imaging (COMPMRI) 
Wang, Yi; Xu, Chris 
Poster 180, Session 1 

We propose a concurrent multiphoton magnetic resonance imaging (COMPMRI) system for mouse 
imaging, in response to RFA-EY-16-001, BRAIN Initiative: New Concepts and Early-Stage Research for 
Large-Scale Recording and Modulation in the Nervous System (R21). We synergistically combine 
multiphoton microscopy (MPM), which offers cellular imaging resolution with penetration depth, and 
magnetic resonance imaging (MRI), which is routinely used to capture large-scale neural activities across 
many regions of the brain. To understand the molecular cellular origin of the large-scale neural activity, 
we need simultaneous imaging both at cellular resolution and over the whole brain, which is concurrent 
MPM and MRI as in our proposed COMPMRI. Furthermore, we will leverage our latest breakthrough in 
MPM using three-photon excitation with long wavelength that enables through-skull cellular resolution 
imaging, making it possible to perform MPM at multiple cortical regions. Our proposed COMPMRI will 
take advantage of this three-photon microscopy and the large bore size of a 3T human MRI system to 
scan the brain of a live mouse. Our proposed COMPMRI system will allow simultaneous study of neural 
activities localized in a region and distributed over the whole brain.  
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Computational Modeling of Deep Brain Stimulation in the Ventral Striatum 
Widge, Alik; Gosai, Aishwarya; McIntyre, Cameron; Noecker, Angela; Dougherty, Darin 
Poster 182, Session 1 

This project will transfer a computational modeling technology, StimVision, from the McIntyre Lab at 
Case Western Reserve University to the deep brain stimulation (DBS) group at Massachusetts General 
Hospital (MGH). DBS is currently used to treat severe obsessive-compulsive disorder (OCD) through 
high-frequency electrical stimulation of the ventral internal capsule/ventral striatum (VC/VS). The 
VC/VS is a complex brain region containing white matter tracts projecting to multiple frontal cortical 
regions. It is not understood which VC/VS fibers matter most to DBS’ clinical effects on OCD, in part 
because we do not know how the stimulator’s electrical field propagates through and activates this 
electrically irregular tissue. This leads to very inconsistent clinical effects (about 50% of patients respond 
poorly or not at all) for an invasive and expensive procedure. The McIntyre group will adapt StimVision 
for VC/VS modeling and train the MGH team in its use. We will then deploy it as part of our ongoing 
analysis of neurophysiologic and behavioral data in our existing patient cohort. We expect to show that 
the use of these advanced modeling techniques clarifies the neural mechanisms underlying known 
behavioral effects. 

The Case group will alter the user interface and algorithms of StimVision to be compatible with MGH’s 
imaging and analysis workflows. This includes improvements to the electrical models that may be 
necessary for properly capturing VC/VS effects and incorporating novel tractography algorithms 
originally developed by MGH/Brigham collaborators. We will then use StimVision to re-analyze two 
MGH datasets, one concerning hypomania (a major DBS side effect) and one concerning behavioral 
effects from DBS manipulation during a psychophysical task. In both cases, we expect that StimVision 
modeling will further clarify the cortical circuits underpinning these effects.  
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Mechanisms of Neural Circuit Dynamics in Working Memory 
Bialek, William; Brody, Carlos; Pillow, Jonathan; Seung, Sebastian; Tank, David; Witten, Ilana; Wang, 
Sam 
Poster 186, Session 1 

We have established working memory tasks compatible with (1) detailed quantitative behavioral analysis 
and (2) two-photon cellular resolution neural activity imaging. We are using these tasks for brain-wide 
understanding of neural circuit mechanisms of working memory. 

Rodents are presented with two trains of pulses, one to their right and one to their left, and are rewarded 
for reporting which side had the greater total pulse number. This requires keeping a working tally of pulse 
number and updating that tally as pulses arrive. Using visual pulses, we have developed this in the 
voluntarily head-fixed rat (Scott*, Constantinople*, et al., eLife 2015; Scott*, Constantinople*, et al., in 
revision), in head-fixed mice navigating in virtual reality (Pinto*, Koay*, et al., in prep), and using pulsed 
whisker stimulation in stationary head-fixed mice (Deverett et al., in prep). 

Widefield imaging across the entire dorsal cortex, together with comprehensive and systematic laser-
scanning inactivations of local regions of the dorsal surface, reveals that a widespread network of visual, 
motor, and multiple-association regions is involved in task performance (Pinto et al., in prep). 

We are conducting detailed, cellular-resolution two-photon imaging of layers 2/3 and layer 5 across this 
widespread network. Imaging in primary visual cortex as well as five further neighboring regions of 
cortex have revealed two distinct populations of cells, with different encoding properties, as well as both 
laminar and cross-region differences (Koay et al., in prep). Preliminary results based on imaging 
dopamine neuron activity in the VTA indicate ramping activity over the course of each trial (Engelhard et 
al., in prep). 

Our comprehensive survey of both local and global neural dynamics, and their causal contributions, in a 
widespread network of cortical and subcortical regions will be used to build a quantitative model of the 
brain-wide neural circuit basis of working memory.  
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Neurophysiologically Based Brain State Tracking and Modulation in Focal Epilepsy 
Worrell, Greg; Stead, Matt; Kim, Inni; Brinkmann, Ben; Van Gompel, Jamie; Kremen, Vaclav; Nelson, 
Nate; Denison, Tim; Giftakis, Jon; Devine, Bob; Stypulkowski, Paul; Cherkassky, Vladimir; Patterson, 
Ned; Litt, Brian; Baldassano, Steve; Waagner, Joost; Ives, Zack 
Poster 188, Session 1 

Introduction: The apparent randomness of seizures is associated with significant psychological 
consequences, and current brain stimulation devices rarely yield seizure freedom. We hypothesize that 
epilepsy can be more effectively managed—both the seizures and their psychological impact—by 
providing patients with accurate seizure diaries, real-time seizure forecasting, and responsive stimulation. 
We are developing these capabilities in canine epilepsy. Here we describe initial results from canines with 
naturally occurring epilepsy implanted with a Medtronic RC+S. 

Methods: The RC+S provides intracranial EEG sensing, telemetry (four channels), and stimulation (16 
channels). The device was implanted in six dogs (four with epilepsy and two controls) and programmed 
for streaming data 24/7 (four channels, 250 Hz) for 5 days. Smart Sampling (SS): Subsequently, an SS 
paradigm was explored to optimize battery life. A hypersensitive seizure detector was implemented that 
captures 3 minutes of iEEG with detection. In parallel, intermittent sampling (1 minute/10 minutes) is 
utilized to sample ongoing brain activity. Additional simulations using SS were applied to 100 seizures. 
Stimulation: Experiments with intermittent stimulation (1 minute every 10 minutes) over a range of 
stimulation parameters were performed. 

Results: Four of six dogs survived beyond 60 days. Two dogs died after surgery. SS: Of the surviving 
dogs, >90% data telemetry was demonstrated for >30 days. An average of 1.2 seizures/month have been 
captured (100% sensitivity). Off-line analysis applied to 100 seizures demonstrates >90% sensitivity and 
specificity. Stimulation: Evoked hippocampus potential associated with periodic ANT stimulation was 
obtained and showed high variability depending on the ANT electrodes. These experiments demonstrate 
the feasibility of real-time evoked potentials to track brain state. 

Conclusions: The ability to continuously track and telemeter iEEG from freely behaving canines was 
demonstrated. A smart sampling algorithm that optimizes battery life and provides high 
sensitivity/specificity seizure detection and prediction was developed in canine epilepsy. 
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In Vivo 3-Photon Imaging of Mouse Brain Activity 
Xu, Chris 
Poster 190, Session 1 

We have successfully performed 3-photon microscopy (3PM) of mouse brain activity of GCaMP6s-
labeled neurons in the CA1 region of the mouse hippocampus. We show that high spatial resolution 
(< 1 um), high temporal resolution (~ 8.5 Hz), high signal-to-noise ratio, and large field-of-view 
(200 um × 200 um) are achievable at such depth with only modest excitation power at 1300 nm (50 to 60 
mW average power). These results clearly demonstrated the potential of 3PM for recording neuronal 
activity at depth beyond the reach of 2-photon imaging. We further compared the imaging capability of 2- 
and 3-photon microscopy for imaging blood vessels and neurons in the same mouse brain and 
unequivocally showed the advantage of 3PM for deep imaging in densely labeled samples. 

The excitation source at 1300 nm is a major challenge for 3PM to be a practical tool for neuroscience. We 
have successfully addressed this critical issue by working with Newport Corporation and Coherent to 
modify their existing optical parametric amplifier (OPA) system to operate at the 1300-nm and 1700-nm 
spectral windows. Two commercial systems were introduced in the last 12 months. These systems are 
optimized for 3PM and are compact and user friendly. Further improvement of the laser systems is 
expected in the near future. Such a robust and practical excitation source at 1300 nm and 1700 nm is 
essential for 3-photon imaging to have a significant impact in neuroscience.  

We have incorporated adaptive optics (AO) in our 3-photon microscope using the sensorless, indirect 
optimization method. We show that signal improvement resulting from aberration correction is more 
significant for 3PM. We will present our progress of AO in 3PM for in vivo imaging deep within the 
mouse brain. We will update our effort on imaging the neural activity through the intact, unthinned mouse 
skull, using long-wavelength 3PM. 

 

Break the Barrier of High-Field MRI with Ultra-High Dielectric Constant (uHDC) Ceramics for 
Brain MRI and MRS 
Yang, Qing X.; Rupprecht, Sebastian; Lee, Byeong; Sica, Chris; Lanagan, Michael; Zhu, Xiaohong; 
Chen, Wei 
Poster 192, Session 1 

The research in the R24 grant aims to advance the MRI and in vivo magnetic resonance (MR) 
spectroscopy (MRS) techniques at 7 T and 10.5 T for imaging human brain structure, function, 
connectivity, neurochemistry, and neuroenergetics with significant improvements in 
spatial/temporal/spectral resolutions over the current technologies. The conventional paradigm for 
improving MRI/MRS signal-to-noise ratio (SNR) and spatial resolution is to increase the static magnetic 
field strength (B0). The highest field for human imaging is now at 10.5 T. Because of the limitations of 
superconductive material and magnet technology, building a stronger magnet for human imaging has 
reached its physical limit. To break this barrier, this proposal will develop ultra-high dielectric constant 
(uHDC) material that can be incorporated with high-field MRI/MRS and radiofrequency (RF) coil 
techniques to further increase SNR and synergistically reduce the RF power requirement for human brain 
imaging. This technology promises to push the image SNR beyond the physical limit set by the magnet 
technology.  
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DNA-Exchange-Imaging for Highly Multiplexed Diffraction-Limited and Super-Resolution 
Quantitative Imaging to Map Synapse Heterogeneity 
Yin, Peng 
Poster 194, Session 1 

To decipher the molecular mechanisms of brain functions, it is critical to map the molecular composition 
of individual neurons and synapses in the context of neuron circuits. Immunofluorescence (IF) imaging 
has been widely used to perform molecular profiling. However, conventional IF methods have finite 
multiplexed detection capabilities and are often unable to distinguish fine cellular structures (e.g., pre- 
and post-synaptic sites) due to limited spatial resolution. In addition, the lack of accurate quantitative 
information prevents further statistical analysis. In this project, we aim to develop a highly multiplexed 
imaging platform that enables the visualization of nanoscale structures and accurate quantification of 
proteins in individual synapses to map their heterogeneity. 

The technique is based on DNA-Exchange-Imaging, in which DNA-barcoded antibodies are used to 
specifically label proteins and individual targets can be read out by sequentially flowing in fluorophore-
conjugated complementary imager DNA strands. We have successfully applied this highly multiplexed 
imaging scheme to confocal microscopy, SIM, STED, and PAINT, achieving a wide range of optional 
resolution, from ~200 nm to sub-20 nm. In order to quantify proteins in situ, we have developed 
quantitative PAINT (qPAINT), and it analyzes the blinking kinetics of each protein cluster, which is 
proportional to the protein amount. In the coming year, we will combine DNA-Exchange-Imaging with 
Expansion Microscopy (ExM) to visualize synaptic proteins throughout large three-dimensional (3D) 
brain volumes. In ExM, key biomolecules are anchored to a swellable polyelectrolyte hydrogel network. 
Upon addition of water, the specimen swells to ~5-fold in each direction. In this way, we can do 
nanoscale resolution imaging of extended 3D samples on diffraction-limited microscopes. By integrating 
quantitative information, we will be able to perform statistical analysis to decipher synapse composition 
heterogeneity.  
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Toward a Comprehensive Cell Type Classification in Mouse Cortex and Hypothalamus 
Zeng, Hongkui; Anderson, David 
Poster 196, Session 1 

Cell types in the brain may be categorized hierarchically, based on properties at molecular, anatomical, 
and physiological levels. With the support of this grant, we have established comprehensive cell type 
characterization platforms at all these levels, including single-cell RNAseq, patch recording of intrinsic 
and synaptic properties, multiplexed FISH, Patch-seq, and full neuronal morphology reconstruction, and 
have obtained data to understand cell type composition in primary visual cortex (V1) and anterior-lateral 
motor cortex (ALM) and the ventromedial hypothalamic nucleus (VMHvl). 

Expanding from our pilot study on transcriptomic cell type taxonomy in V1 (Tasic et al., Nature 
Neuroscience 2016), we have now obtained high-quality single-cell RNAseq data (using the Smart-seq 4 
method, ~2.5 million reads and ~7,000 genes detected per cell) from >14,000 cells from either V1 or 
ALM. Clustering results reveal substantially more transcriptomic types and a striking difference between 
glutamatergic excitatory projection neurons and GABAergic interneurons across these two cortical areas. 
Interneurons from the two areas are co-clustered together, indicating commonality of interneuron classes 
across cortical areas. Excitatory neurons, on the other hand, are almost entirely segregated by regions in 
addition to layers. Single-cell RNAseq data from retrogradely labeled neurons in both cortical areas are 
being collected to reveal the correlation between molecular properties and projection target specificity. 

Using the same approach, we have also profiled >1,500 VMHvl cells from both naïve and mating/fighting 
animals and identified ~10 transcriptomic types. We have also optimized a double retrograde labeling 
method to correlate projection-target specific neurons in VMHvl with the transcriptomic types using 
single-cell RNAseq and multiplexed FISH. 

These data will be presented in the context of single-cell profiling data in other (morphological and 
physiological) modalities.  
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High-Speed Optical Coherence Tomography Imaging of Neural Activity 
Duan, Lian; Hasan, Fayad; Berdichevsky, Yevgeny; Zhou, Chao 
Poster 198, Session 1 

There is great interest in label-free imaging of neuronal activity at the cellular level based on changes in 
fast intrinsic optical signals (e.g., changes in light scattering and phase) that occur on a millisecond 
timescale. Optical coherence tomography (OCT) is an emerging biomedical imaging technology that 
provides label-free and depth-resolved images with micron-scale spatial resolution and sub-millisecond 
temporal resolution. OCT achieves over 100 dB sensitivity, enabling it to detect weak scattering changes 
and phase fluctuations associated with neuronal activity. Our group developed an integrated 
electrophysiology and OCT imaging system to enable simultaneous recording of neural activity and OCT 
imaging. The OCT system was configured as an inverted microscope, imaging the sample from the 
bottom of the perfusion chamber. Pre-heated ACSF flows into the heated perfusion chamber to keep 
cultures in physiological environments with controlled pH and temperature. We obtained preliminary data 
with concurrent electrophysiological recording and OCT imaging of neuron slices, and we are in the 
process of analyzing and correlating the signals obtained from both modalities. We also explored new 
algorithms to improve phase sensitivity of OCT measurements. A higher phase sensitivity will directly 
translate into improved detection sensitivity of small membrane displacement, improving our capability to 
detect minute phase changes associated with neuronal activities. A split spectrum analysis was performed, 
in which the measured OCT spectrum was split equally into four parts in k-space and Fourier’s transform 
was performed from each spectrum to generate four M-mode images of the sample. We achieved a phase 
stability of about 30 mrad using the split spectrum analysis method. This corresponds to a membrane 
displacement detection sensitivity of ~1.9 nm.  
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Analyzing Language Connectivity Networks in the Human Brain: A Step Toward Reversing 
Aphasia 
Yellapantula, Sudha; Babakhani, Aydin; Tandon, Nitin; Aazhang, Behnaam 
Poster 3, Session 2 

We humans have a remarkable ability to communicate through language by learning its underlying 
structure and grammar. Unfortunately, millions of people suffer from language disorders due to strokes 
and other brain injuries. Aphasia is one such disorder that causes speech, comprehension, reading, or 
writing dysfunction, while other cognitive abilities remain intact. The goal of this project is to develop 
fine-grained connectivity maps of the human language system in the brain that will explain and predict 
the various symptoms of aphasia, paving the way for one day remediating these language disorders. 

For generating these maps, we use human ECoG data obtained from cortical recording electrodes from 
patients undergoing epileptic surgeries. The patients undergo a multitude of language tests, and the data 
from these tests is used for developing a platform for modeling language systems using information 
theoretic connectivity metrics like Directed Information (DI). DI has been shown to be particularly 
effective in modeling nonlinear relations underlying the data. Our methods are data-driven and 
nonparametric, and, by using a k-nearest neighbors method for estimating entropies, they even work well 
in higher dimensions. The goal would be to understand the neural pathways to and from brain lesions 
causing common aphasias. Our hypothesis is that if inputs to the lesion can be redirected to downstream 
areas of the lesion, lost functionality could be recovered, as the brain can re-create the functionality, given 
the signals bypassing the lesion. Our models will be validated by their ability to predict the symptoms of 
aphasia, as well as predict recovery in aphasic patients. On the hardware side of the project, a power 
harvesting system for ultra–low power implantable biomedical sensing and stimulation system has been 
developed and, once deployed, will enable us to refine the language models with unprecedented 
resolution. The system will be the harbinger for new solutions to reversing aphasia. 
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Engaging the Medial Temporal Lobe with ECT Pulse Amplitude to Improve Clinical Outcomes 
Abbott, Chris; Deng, Zhi-De; McClintock, Shawn M.; Quinn, Davin 
Poster 7, Session 2 

Introduction: This investigation will examine the clinical and neurocognitive impact of targeted medial 
temporal lobe engagement as a function of pulse amplitude, one of several variables that influence the 
ECT charge. We hypothesize that the optimal pulse amplitude for an individual patient will induce medial 
temporal lobe neuroplasticity (clinical response) and minimize disruption of dominant hemisphere 
hippocampal cognitive circuitry (cognitive stability). 

Methods: We will randomize 90 subjects with major depressive disorder meeting the clinical indication 
for right unilateral ECT to 600, 700, and 800 milliamperes (mA). Subjects will receive clinical, 
neuropsychological, and imaging assessments before, during (after the sixth ECT treatment), and after 
ECT. 

Preliminary data Aim 1, Efficacy: Right hippocampal electric field strength predicted change in the right 
hippocampal volume (Cohen’s f2 = 0.53). This relationship was not evident in the left hemisphere 
(p > 0.10), which had a lower calculated electric field strength (<150 volts/meter). The volume change of 
the right dentate gyrus was associated with HDRS change (Cohen’s f2 = 0.59). 

Preliminary data Aim 2, Cognitive impairment: Electric field strength was associated with disrupted 
functional connectivity between the left entorhinal cortex and the left precuneus (Cohen’s f2 = 0.89). The 
connectivity between the entorhinal cortex and all of the regions within the default mode network 
predicted percent change in recall (Cohen’s f2 = 0.30 to 0.98). 

Discussion/Plans: Our preliminary data demonstrated that the 500 mA pulse amplitude dose was 
clinically ineffective despite seizure induction with adequate duration and morphology. The electric field 
must have sufficient strength to induce hippocampal volumetric change and clinical response. In contrast, 
increased electric field strength was associated with disrupted functional connectivity between the 
entorhinal cortex and the default mode network. We will use machine learning methods to predict the 
optimal current for an individual patient from the pre-ECT imaging data (Aim 3). 
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Imaging Neuropeptide Release In Vivo 
Anderson, David; Karigo, Tomomi; Pfeiffer, Barret D. 
Poster 9, Session 2 

Current efforts at improving technologies for large-scale recording of brain function are primarily focused 
on measuring electrical activity or calcium transients. However, the “chemical connectome,” a largely 
invisible network of neuromodulators such as serotonin or neuropeptides (NPs), exerts an important 
influence to modify brain circuit function. Without the ability to measure the action of these 
neuromodulators, maps of neuronal circuit activity are incomplete. While small molecule modulators such 
as biogenic amines can be measured by micro-dialysis and fast-scan cyclic voltammetry, there is currently 
no method to visualize the release of specific NPs in the brain at synaptic resolution. To fill this gap, we 
are developing a method for imaging the release of specific NPs at nerve terminals in vivo. The goal of 
this exploratory (R21) project is to tag specific NP precursors (NPPs) with pH-sensitive fluorescent 
sensors and determine whether these reporters can be used to image neurosecretory granule release. 
Drosophila melanogaster provides a useful test-bed for developing this technology because of its genetic 
manipulability and sophisticated imaging methodologies. To achieve our objective, we have generated a 
series of fusions between conventional or pH-sensitive fluorescent reporters and the protein coding 
sequences of both exogenous and endogenous NPPs, and we are generating transgenic flies for each of 
these constructs. Our initial objective is to determine which, if any, of these reporters is correctly and 
specifically targeted to large dense-core vesicles (LDCVs). For correctly localized reporters, we will then 
optogenetically activate specific neuropeptidergic neurons that express them and determine whether this 
evokes increases in fluorescence at nerve terminals. These experiments will investigate the feasibility of 
the proposed approach in several applications. If successful, this method has the potential to create a 
transformative new technology with broad general applications to both basic neuroscience research and 
studies of neurochemical dysfunction that may underlie psychiatric disorders.  
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A Decade of NeuroMorpho.Org: Lessons Learned and Future Prospects 
Armananzas, Ruben; Polavaram, Sridevi; Nanda, Sumit; Maraver, Patricia; Ascoli, Giorgio A. 
Poster 13, Session 2 

Although most neuroscientists have yet to embrace a culture of data sharing, the decade-long success 
story of NeuroMorpho.Org demonstrates how publicly available repositories may benefit data producers 
and end users alike. NeuroMorpho.Org is a centrally curated repository of digital reconstructions of 
axonal and dendritic morphology hosting freely accessible light- and electron-microscopy tracing data 
contributed by over 200 laboratories worldwide from more than 450 peer-reviewed publications. This 
database continuously grew from 1,000 neurons released in v1.0 in 2006 to over 50,000 in v7.0 
(September 2016), spanning 35 species, more than 40 brain regions, and approximately 150 cell types. 
More than 5 million neuronal reconstructions (approximately 30 km of traced axons and dendrites) have 
been downloaded to date over hundreds of thousands of unique visits from 153 countries. For perspective, 
producing an equivalent amount of data would take a skilled neuroscientist more than 700 centuries of 
labor. In addition to the documented scientific impact in terms of novel published discoveries based on 
data in the repository, NeuroMorpho.Org has been showcased in textbooks and Massively Open Online 
Courses, the China Applied Math Olympiads, multimedia outreach (including Neuroscience for Kids, 
Scientific American online, and popular blogs), and a dedicated testimony to the White House Bioethics 
Commission. Nonetheless, in this era of Big Data and open source initiatives blooming all over the world, 
neuroscience trails far behind. A troubling majority of authors reporting neuronal reconstructions in peer-
reviewed articles flatly decline to share their data upon request. Thus, most collected data remain 
unavailable to the broader research community, causing a substantial loss of time, money, and missed 
scientific opportunities.  
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Novel Optrodes for Large-Scale Electrophysiology and Site-Specific Stimulation 
Angotzi, Gian N.; Malerba, Mario; Boi, Fabio; Pisanello, Ferruccio; Sileo, Leonardo; Mandelbaum, Gil; 
De Vittorio, Massimo; Berdondini, Luca; Assad, John A.; Sabatini, Bernardo L. 
Poster 15, Session 2 

Two novel implantable technologies, CMOS electrode arrays and light-delivery optical fibers, are under 
development. They allow precise perturbation of the activity of specific neurons and recording from 
thousands of cells in large and deep brain areas. Over the first year, both technologies were realized and 
have started to be experimentally investigated. 

A complete experimental platform of CMOS probes was realized. The first single-shaft probes (60 µm × 
100 µm × 8 mm) embed circuits in 0.18 µm CMOS technology for time-division multiplexing, local 
amplification underneath each one of the 512 microelectrodes (pitch 25 µm), and a communication 
interface (25 kHz/electrode). The implantation of powered probes in trained and behaving mice revealed 
an adequate mechanical stability to perform multiple insertions in the same animal for multiple days, as 
well as no side effects deriving from the integrated low-power electronics. Circuit validation was 
performed on retinal whole mounts and show spikes with an SNR of 12 dB and a noise of 22 µVRMS. 
Following these first tests, circuits were optimized, electrode post-processing was developed, and new 
probes were realized. 

Multipoint emitting fibers (MPFs) were optimized by increasing the number of independently addressable 
optical windows and by achieving different light-delivery geometries to match specific target regions. A 
new process based on higher numerical aperture fibers was developed with four independently 
addressable, nearly equally spaced windows. Additionally, MPFs for nearly homogeneous illumination of 
extended brain regions and tunable emission over a broad volume were obtained through elongated 
optical windows or by exploiting uncoated TOFs and scanning mirrors. In vivo use of TOFs in freely 
moving mice in an open-field arena showed differential effects on behavior with activation of striatal 
projection neurons cells in dorsal vs. ventral striatum via a single fiber. Finally, two microelectrodes were 
integrated on the tapered end of the fiber.  



 

 
85 

Studying the Feasibility of Micro-Magnetic Stimulation for Overcoming Balance Dysfunction 
Bhatti, Pamela; Mukesh, Sagarika; McKinnon, Brian; Blake, David 
Poster 17, Session 2 

Dysfunction of the vestibular system can lead to vertigo, instability, and falls. In the U.S., approximately 
69 million individuals over the age of 40 experience some form of vestibular dysfunction, which is 
strongly associated with falls in the elderly. Comprising the inner ear (vestibular labyrinth) and brain, the 
vestibular system requires inputs such as head motion, visual flow, and body orientation. Fortunately, 
rehabilitation and medication can overcome many forms of vestibular dysfunction. However, for 
individuals suffering from bilateral dysfunction, there is no viable therapeutic option. We are developing 
an implantable therapeutic option—a vestibular prosthesis. Such a device captures head motion, codes 
these signals, and applies this information via implanted electrodes to vestibular nerves. In turn, the brain 
integrates this with visual, proprioceptive, and central cues. Unfortunately, electrical stimulation has 
several shortcomings. First, current spread in the highly conductive vestibular media can result in poor 
stimulation selectivity and confound vestibular cues. Second, electrode tissue response can cause 
inflammation and encapsulation, degrading efficacy. A transformative approach is to inductively activate 
neural tissue. A time-varying current through a magnetic coil locally induces current within adjacent 
nerve fibers, causing depolarization. This approach may provide greater selectivity, thereby dramatically 
reducing ambiguous sensory input, since the highly conductive fluid in the vestibular labyrinth is 
bypassed entirely. 

Based on our earlier in vivo studies, we are investigating microcoil-induced excitation of vestibular nerves 
via finite element modeling (FEM) of the vestibular labyrinth. Essential features such as coil size, 
orientation, current delivery, and tissue heating are being evaluated. FEM demonstrates magnetic 
stimulation more localized than electrical stimulation. 

Validating micro-magnetic stimulation of neural tissue can be extended to other sensory prostheses, such 
an auditory brainstem implant to overcome hearing loss or retinal prostheses to overcome blindness. 
Moreover, this novel stimulation may provide another tool to interrogate and understand neural and 
cognitive systems.  
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Integrated Array for Simultaneous Optogenetic Stimulation and Electrical Recording to Study 
Cortical Circuit Function in the NHP Brain 
Blair, Steve; Angelucci, Alessandra; Rieth, Loren; Normann, Richard; Kallmayer, Christine; Mathieson, 
Keith; Sharma, Rohit; Tathireddy, Prashant; Abaya, Tanya V. F.; Boutte, Ronnie 
Poster 21, Session 2 

Understanding the function of neural circuits in the cerebral cortex of the non-human primate (NHP) is 
crucial to understanding normal cortical function and the circuit-level basis of human brain disorders. It 
has been challenging to apply optogenetics to NHPs, largely due to the lack of multifunction integrated 
probes for precision light delivery and electrophysiology across mm-to-cm volumes through the depth of 
the NHP cortex. We are developing in vivo integrated penetrating arrays that allow for large-volume, 
spatiotemporally patterned optogenetic modulation and electrical recording of neural circuits in the NHP 
brain. We will initially develop a 4 × 4 mm penetrating 10 × 10 mm optrode array in a format analogous 
to the well-established Utah Electrical Array (UEA), with each probe serving as a waveguide allowing 
visible light to reach tissue depths >1.5 mm. Following initial optimization of the probe, we will perform 
proof-of-concept in vivo NHP optogenetic experiments in deep cortical tissue, using broad-area 
illumination. In a second stage, we will develop light coupling via μLEDs, which will be integrated into a 
single platform and tested in vivo, consisting of a μLED located over each optical probe. Completion of 
stage 2 will deliver a functional multi-optrode array for large-volume patterned optogenetic stimulation. 
Parallel engineering efforts will add electrical recording. The “interleaved” array consists of an optrode 
array inserted through the back plane of a modified UEA into which a grid of through-backplane holes is 
made to accommodate the optrodes. For the “hybrid” array, each optrode shank will be coated with a 
conductive layer. In vivo testing will assess the recording capabilities of both devices and subsequently 
the ability to perform simultaneous optical stimulation and electrical recordings. Finally, we will make a 
small number of arrays available to the community.  
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Imaging in a Walking Patient with Ambulatory Microdose PET (AMPET) 
Brefczynski-Lewis, Julie; Qi, Jinyi; Kinahan, Paul; Dolinsky, Sergei; Wuest, Thorsten; Rischel, Michael; 
Bauer, Christopher; Gong, Kuang 
Poster 23, Session 2 

Our goal is to develop the first whole-brain imager that can tolerate robust motion. Standard imaging 
techniques either do not tolerate head motion, are restricted to surface imaging, or have poor spatial 
resolution. We will present work from computer simulations, physical detector testing, and mechanical 
support design, as well as human data collected with our original single-ring prototype (separate grant), 
that demonstrate our project is moving toward this goal. Indeed, with our limited-coverage ring, we are 
able to see activation in cortical and subcortical regions, such as basal ganglia, that are associated with 
walking. Early pilot data suggest that temporal resolution of 30 s or better can be achieved using 
advanced dynamic modeling techniques. Simulations suggest that a head-conforming dome shape will be 
ideal for the whole brain coverage and that ideal detectors for optimal sensitivity will include both time-
of-flight (TOF) and depth-of-interaction correction. In addition, we have built a limited mechanical 
support prototype using a modified Biodex Unweighing System for a wearable design. The support has a 
counterweight for support of both imager and patient. Mechanical testing found that head motion may be 
limited with heavier TOF detectors due to rotation inertia. Therefore, it may be ideal to have multiple 
AMPET designs: one using lightweight non-TOF detectors, which we have found to be sufficient quality 
for many applications and could function with a free-motion support; and a second, high-sensitivity 
design that would track head motion relative to the stationary helmet. AMPET will have important uses 
for mental and neurological health studies, as well as understanding how the human brain functions 
during natural behaviors. Incorporation with virtual reality, longitudinal scans enabled by the low dose 
(~1 millicurie), and high motion tolerance will be unique features of this neuroimaging first. 

 

Understanding Neural Computation in Long-Term, Naturalistic Human Brain Recordings 
Brunton, Bingni; Rao, Rajesh; Wang, Nancy; Farhadi, Ali; Ojemann, Jeffrey 
Poster 25, Session 2 

Much of our knowledge about neural computation in humans has been informed by data collected through 
carefully controlled experiments in laboratory settings; however, understanding the brain in action 
requires exploration of long-term, naturalistic neural data. I will talk about our ongoing work using 
computationally scalable methods to analyze and decode a large-scale human intracranial brain recording 
dataset augmented with video and audio, all simultaneously and continuously monitoring each subject for 
many days. Our approach leverages unsupervised machine learning with computer vision and natural 
speech processing. Coherent clusters discovered in the high-dimensional neural recordings are annotated 
using automatically extracted behavior labels. Analyzing this dataset informs our understanding of 
relationships between brain activity, behavior, and cognition in a task-free, naturalistic context. 
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MR-Guided Focused Ultrasound Neuromodulation of Deep Brain Structures 
Butts Pauly, Kim; Ye, Patrick; Leung, Steve; Webb, Taylor; Vyas, Urvi 
Poster 27, Session 2 

Introduction: Focused ultrasound (FUS) neuromodulation offers the promise of precisely stimulating 
specific targets deep in the brain. However, human skulls have variable transmission efficiency to 
ultrasound. The goal of this project is to accurately predict and measure the power at the focal spot, both 
for safety and for the experimental reproducibility of the technique. Once this is done, we can apply these 
tools to neuromodulation in large animals to evaluate the physical effect by which ultrasound stimulates 
the brain. 

Methods: Beam simulations were compared to the simulated temperature in the human brain during the 
application of focused ultrasound. This data was obtained from a trial on the use of MR-guided FUS for 
the treatment of essential tremor. 

The physical effect by which ultrasound stimulates the brain was evaluated by recording the EMG signal 
from the mouse forelimb while varying the ultrasound frequency applied to the head. 

Results: In 33 patients, the transmission efficiency of ultrasound was found to vary by a factor of 4. Beam 
simulations demonstrated a strong correlation between simulated absorbed power and experimentally 
found ultrasound transmission efficiency (n = 17; R2 = 0.83). 

For the physical effect, our results in the mouse demonstrate that more ultrasound intensity is required at 
higher frequencies for the same behavioral effect. These results point to the cavitation index or particle 
displacement as the physical effect behind neuromodulation. 

Discussion and Conclusions: Our in vivo mouse results are supported by a model of intramembrane 
cavitation by Kimmel et al. but are contrary to results in the retina by Menz et al. The calibration 
capabilities will allow us to scale up our experimental model to a large animal, reducing potential 
confounds with the small cranium and allowing for an fMRI readout. 

 

Sonogenetics: A Noninvasive Method to Control Specific Cell Types 
Magaram, Uri; Ko, Vivian; Grider, Terri; Gibbs, Dan; Jin, Xin; Calloway, Edward; Chalasani, 
Sreekanth 
Poster 29, Session 2 

A central challenge in neuroscience is to develop methods to manipulate specific cell types within the 
mammalian brain. Recent developments in optogenetics have revolutionized our ability to control the 
activity of both neurons and non-neuronal cells. However, this approach suffers from one drawback: the 
difficulty in delivery of light stimulus to target cells that are located deep within the brain or the body. We 
have recently demonstrated a noninvasive method to control the activity of neurons. We found that a 
pore-forming subunit of a mechanosensitive channel (TRP-4) responds to low-intensity ultrasound. 
Further, we showed that expressing this channel in specific Caenorhabditis elegans neurons renders those 
target cells sensitive to mechanical deformations generated by noninvasive ultrasound waves (a method 
we have named “sonogenetics”). Data demonstrating the efficacy of this method in vitro will be 
presented.  
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Modular Systems for Measuring and Manipulating Brain Activity 
Frank, Loren; Tolosa, Vanessa; Harrison, Reid; Chung, Jason; Chen, Supin; Karlsson, Magnus; 
Karlsson, Mattias; Liu, Daniel; Pebbles, Jeanine 
Poster 33, Session 2 

All brain functions depend on millisecond time-scale interactions across a massively interconnected 
network of specialized circuits. Current approaches cannot measure or manipulate these interactions with 
sufficient resolution to resolve them. We are therefore developing an integrated set of tools including 
long-lasting polymer electrodes, high-density modular headstage chips and headstages, and a low-cost, 
real-time data acquisition system. Our first generation of implantable polymer probes were attached to 
off-the-shelf connectors and consisted of 36 electrodes that yielded high-quality recordings over 10 
months. Our second-generation polymer probes have 64 electrodes spread over four shanks and are 
attached to custom headstages that support up to 1,024 channels of data acquisition at 30 kHz per channel. 
Using this new generation of probes and headstage, we have implanted and recorded single units from a 
set of four 64-channel probes that targeted a total of 128 channels to prelimbic cortex and 128 to 
retrosplenial cortex in one animal. We have also combined polymer probes with traditional drivable 
microwires, implanting six 32-channel modules in anterior cingulate cortex in addition to 19 moveable 
tetrodes targeting the hippocampus. These data are streamed to a computer via high-speed Ethernet, 
allowing for real-time data access and feedback, and the data are visualized and stored using an open 
source, cross-platform software suite. In parallel, we have developed a 128-channel neural signal 
amplifier using a 0.18-micron CMOS fabrication process. The chip is approximately 5 mm × 5 mm in 
bare die form and 9 mm × 9 mm in a packaged form designed for easy bonding to PC boards. The 
combination of these technologies will allow researchers to measure the activity of large ensembles of 
neurons distributed across anatomically or functionally connected circuits and, moreover, to do so 
throughout the lifetime of the subject. 

 

Biomimetic Membrane Networks as Adaptable Neuromorphic Circuits 
Rose, Garrett; Collier, Charles 
Poster 35, Session 2 

State-of-the-art neuromorphic systems based on silicon circuitry fail to capture key signaling mechanisms 
used by real neurons, and they consume orders of magnitude more power. We are developing a 
biologically inspired approach consisting of biomimetic membranes based on lipid bilayers and 
bottlebrush copolymers, with reconfigurable, stimuli-responsive transport properties that enable 
communication between networks of solid-state neurons, just like real synapses. These represent a new 
class of adaptable neuromorphic circuits with reconfigurable transport properties that mimic the variable 
weighting found in real synapses and solid-state artificial neurons that communicate via these synapses. 
This approach will uncover new insights into the role of tunable ion transport and synapse-neuron 
organization on complex computation in the brain. In this way, our proposed project deviates significantly 
from prior electronic neuromorphic hardware and digital software systems. We will (1) investigate how 
molecular transport through biomimetic membranes can be gated using physical stimuli to reproducibly 
vary synaptic weights in artificial synaptic mimics, (2) learn how to integrate membrane-based synaptic 
mimics with solid-state neural circuitry to develop hybrid devices that exhibit controllable and 
reproducible plasticity, and (3) utilize network modeling techniques to predict how variable synapse 
weighting within multi-neuron architectures affects collective sensing and learning functionality. 
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A System for the Combined Measurement of Dopamine and Neural Activity (DANA) 
Parent, Kate; Hill, Daniel; Crown, Lindsey; Wiegand, Jean-Paul; Gies, Kathleen; Miller, Michael; 
Atcherley, Christopher; Heien, Michael; Cowen, Stephen 
Poster 37, Session 2 

Learning and decision making depend on the coordination of the activities of ensembles of neurons and 
the release of neuromodulators such as dopamine. The mechanisms underlying this coordination are not 
well understood, due to a lack of instrumentation for the simultaneous and real-time measurement of 
neuromodulator release and the activities of large ensembles of neurons. Here we describe a measurement 
platform for the combined monitoring of electrophysiology from a high-density electrode array and 
dopamine dynamics from a carbon fiber microelectrode. Integration of these two measurement systems 
was achieved through modification of the existing instrumentation. A shared grounded reference 
electrode was used in both systems to minimize electrical interference, and an optional solid-state-relay 
array was positioned between the electrophysiological electrode array and amplifiers to provide additional 
electrical isolation. The capacity of the integrated measurement platform, termed DANA (Dopamine And 
Neural Activity), to measure action potentials (high frequency) and local field oscillations (low 
frequency) was characterized in vitro using an artificial cerebral spinal fluid gelatin. In vivo recordings 
from the DANA platform in anesthetized rats demonstrated the ability of the system for near-
simultaneous measurement of stimulated dopamine release and multiple single-unit activity. Furthermore, 
this system was shown to be sufficiently compact to measure activity in freely moving animals through 
recording of single-unit activity, high-frequency local field oscillations, and dopamine release. 
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Biological “Living Electrodes” Using Tissue-Engineered Axonal Tracts to Probe and Modulate the 
Nervous System 
Cullen, D. Kacy; Serruya, Mijail; Kraft, Reuben; Litt, Brian; Chen, Isaac; Contreras, Diego; Wolf, John 
A. 
Poster 39, Session 2 

Brain machine interfaces (BMIs) commonly utilize penetrating microelectrodes composed of non-organic 
material; however, these approaches inevitably lead to an inflammatory foreign body response that 
ultimately diminishes the quality of the recording and stimulation. In an alternative strategy, we are 
utilizing advanced micro-tissue engineering techniques to create the first biological “living electrodes” for 
chronic BMI. We have created a new class of micro-Tissue Engineered Neural Networks (micro-TENNs) 
to serve as living electrodes, composed of discrete population(s) of optically active neurons connected by 
long axonal tracts within miniature tubular hydrogels. Recently, we have fabricated a range of these living 
micron-scale axonal constructs with varying structural and functional attributes and have characterized 
their survival, neuronal–axonal architecture, and electrophysiological/optical input–output parameters. 
Moreover, novel computer simulations have been utilized to improve our understanding of micro-TENN 
axonal growth, axonal conduction, and synaptic integration, ultimately allowing refinement of design 
characteristics for optimal in vivo performance. We have demonstrated the ability to precisely deliver 
these living axonal constructs to prescribed location(s) in the brain, revealing micro-TENN neuronal 
survival, axonal ingrowth into host tissue, and synaptic integration. We are currently refining our 
techniques to stimulate and record from the superficial end of the micro-TENNs, which remains 
externalized on the brain surface, utilizing intravital two-photon microscopy and custom-built transparent 
planar micro-arrays. Moreover, we are engineering living electrodes composed of phenotype-specific 
neurons/axons, including GABAergic, glutamatergic, dopaminergic, and cortical layer-specific neuronal 
sub-types. These features are being exploited to advance living electrodes as a functional relay to and 
from discrete brain nuclei, adding a level of synaptic-based specificity in local stimulation and recoding 
not currently attainable with conventional microelectrodes. This versatile platform technology at the 
interface of neuroscience and engineering lays the foundation for preformed implantable neural networks 
as a viable alternative to conventional electrodes.  
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Closed-Loop Deep Brain Stimulation for Parkinson’s Disease 
Swann, Nicole; de Hemptinne, Coralie; Miller, Andrew; Tamir, Idit; Miocinovic, Svjetlana; Ostrem, Jill; 
Starr, Philip 
Poster 41, Session 2 

Deep brain stimulation (DBS) is a common treatment for Parkinson’s disease (PD) and other movement 
disorders, but it suffers from several limitations. Existing DBS devices continuously stimulate their target 
structures regardless of changes in symptom severity, resulting in stimulation-induced adverse effects, 
short battery life, and the need for labor-intensive programming by a clinician. DBS treatment could be 
improved by automatically adjusting stimulation parameters based on brain signals that reflect the 
patient’s clinical state (“closed-loop DBS”). We and others have identified brain signals related to motor 
impairments of PD in both primary motor cortex and subthalamic nucleus. Dyskinesia, involuntary 
movements occurring as a side effect of long-term dopaminergic treatment or DBS, is associated with a 
narrowband γ oscillation at 60–90 Hz. Akinesia is associated with excessive neuronal synchronization in 
the β band (13–30 Hz) and excessive coupling between the phase of the β oscillations and the amplitude 
of high-frequency activity (50–250 Hz). For our project, we will test the feasibility and efficacy of these 
signals as feedback for closed-loop DBS. 

The first step is to gain experience developing and implementing closed-loop DBS algorithms using a 
totally implantable device capable of both delivering stimulation and recording brain activity: Activa 
PC+S. This device can carry out closed-loop DBS in two modes. The first involves streaming data to an 
external computer, which performs computations and updates stimulation parameters. The second is a 
fully implantable approach, where parameters are loaded into the DBS device and changes to stimulation 
are triggered internally. In the clinic, we tested both these approaches in two patients, using β band and γ 
band power as feedback signals. Our initial tests demonstrate the feasibility of implementing closed-loop 
paradigms and motivate future testing, including longer-term trials (eventually up to a month in “closed-
loop mode”).  
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The Roadmap for Estimation of Cell-Type–Specific Neuronal Activity from Noninvasive 
Measurements 
Uhlirova, Hana; Kılıç, Kıvılcım; Tian, Peifang; Sakadžić, Sava; Gagnon, Louis; Thunemann, Martin; 
Desjardins, Michèle; Saisan, Payam; Nizar, Krystal; Yasseen, Mohammed; Hagler, Donald, Jr.; 
Vandenberghe, Matthieu; Djurovic, Srdjan; Andreassen, Ole; Silva, Gabriel; Masliah, Eliezer; Kleinfeld, 
David; Vinogradov, Sergei; Buxton, Richard B.; Einevoll, Gaute; Boas, David; Dale, Anders; Devor, 
Anna 
Poster 43, Session 2 

Today, most major programs in neuroscience and psychology have their own functional imaging systems 
and laboratories. We can assess hemodynamic changes with functional magnetic resonance imaging 
(fMRI) and functional near-infrared spectroscopy (fNIRS), broad regional electrical activity with 
magnetoencephalography/electroencephalography (MEG/EEG), and metabolism/neurochemistry with 
positron emission tomography (PET). And yet, despite this widespread adoption, the power of available 
human neuroimaging methods remains limited, leaving a gap between the macroscopic activity patterns 
available in humans and the rich, detailed view achievable in model organisms. Thus, a central challenge 
facing neuroscience today is leveraging these mechanistic insights from animal studies to accurately draw 
physiological inferences from noninvasive signals in humans, essentially asking the fundamental question 
“What information about neuronal circuit activity can we reliably determine from noninvasive functional 
imaging in humans?” On the essential path toward this goal is the development of a detailed “bottom-up” 
forward model bridging neuronal activity at the level of cell-type–specific populations to noninvasive 
imaging signals. The general idea is that specific neuronal cell types have identifiable signatures in the 
way they drive changes in cerebral blood flow, cerebral metabolic rate of O2 (measurable with 
quantitative fMRI), and electrical currents/potentials (measurable with MEG/EEG). This forward model 
would then provide the “ground truth” for the development of new tools for tackling the inverse problem: 
estimation of neuronal activity from multimodal noninvasive imaging data.  
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Viral Targeting of Specific Interneuron Subtypes 

Dimidschstein, Jordane; Petros, Tim; Fishell, Gord 
Poster 45, Session 2 

Interneurons have been divided into different subgroups based on morphology, neurochemical markers, 
connectivity, and physiological properties. This staggering diversity is a significant impediment for 
understanding the function of different interneurons in distinct neuronal circuits. Due to the protracted 
time period between interneuron differentiation and maturation, we currently lack an efficient strategy for 
relating critical genes involved in interneuron differentiation and maturation with their mature interneuron 
fate. 

To overcome these limitations, we aim at developing an inducible genetic “timestamp” (aim1) technique 
to label actively transcribed genes at any time point that can be retrospectively characterized in mature 
cells. Beyond its usefulness in understanding interneurons, this approach will demonstrate the feasibility 
of characterizing changes in gene expression in any neuronal subtype across time in both developmental 
and plasticity contexts. 

The power to target specific neuronal cell types in mice has revolutionized studies in this species but 
depends on transgenic animals and the considerable associated constraints in time and expense. We 
recently developed a viral approach that allows us to restrict expression of any reporter or effector genes 
to interneurons, allowing for the targeting and manipulation of these cells both in mice and in non-
genetically amenable animal models. Having access to more specific interneuronal subtypes would 
dramatically accelerate the investigation of their normal function in species, especially in those 
phylogenetically closer to the complexity of the human brain. Based on the integration of large 
transcriptome and epigenetic data, we are developing a screening method that will identify enhancers with 
a high specificity for defined subtypes of interneurons across species (aim2), allowing the development of 
an inexpensive and easily disseminated viral tool box to target and manipulate interneurons in both mice 
and non-genetically amenable species.  
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Anion Channelrhodopsin-Based Viral Tools to Manipulate Brain Networks in Behaving Animals 
Govorunova, Elena; Andrei, Ariana; Janz, Roger; Spudich, John; Dragoi, Valentin 
Poster 47, Session 2 

Natural anion channelrhodopsins (ACRs) from cryptophyte algae generate large hyperpolarizing chloride 
currents that mediate efficient optogenetic neural suppression. We identified and characterized new ACRs 
in different species and expanded this protein family to 20 functionally confirmed members. The new 
ACRs show large variation of the amplitude, spectral sensitivity, and kinetics of their photocurrents. One 
variant, “ZipACR,” is particularly promising for inhibitory optogenetics because of its combination of 
large current amplitudes and an unprecedentedly fast conductance cycle (current half-decay time 2–4 ms, 
depending on voltage). ZipACR expressed in cultured rat hippocampal neurons enabled precise 
photoinhibition of individual spikes in trains of up to 50 Hz frequency. Since the efficiency of neuronal 
inhibition by anion channels strongly depends on their subcellular distribution, we investigated the 
subcellular localization of a blue light–absorbing ACR, GtACR2, expressed in mammalian neurons. Our 
analysis shows that GtACR2 is preferentially trafficked to the dendritic and postsynaptic plasma 
membrane. No aggregates of ACR in the ER or Golgi compartments were observed, indicating efficient 
trafficking to the plasma membrane. These findings suggest that endogenous targeting signals in algal 
ACRs mediate trafficking in mammalian neurons. Finally, the ultimate goal of the project is to test the 
newly developed optogenetics tools for use in non-human primates. We have therefore injected both ACR 
and ChR2 constructs in macaque primary visual cortex, targeting glutamatergic neurons. Using the 
excitatory ChR2, we found primarily robust increases in neuronal firing and an improvement in the 
animals’ ability to detect low-contrast visual stimuli. Using ACR constructs, we found a nonlinear firing 
rate suppression and facilitation, depending on the nature of the visual stimulus driving the network. The 
successful test of the viral tools demonstrates that we are able to optically manipulate the activation and 
suppression of neuronal circuits in monkey visual cortex. 

 

Optimizing Fluorescent Proteins and Biosensors for Two-Photon Microscopy 
Molina, Rosana; Hughes, Thom; Campbell, Robert; Drobizhev, Mikhail 
Poster 49, Session 2 

The goal of our project is to develop fluorescent proteins and biosensors that are optimized for two-
photon (2P) microscopy. In the first year, we developed an automated 2P fluorescence plate reader and a 
workflow that now enables us to screen ~1,000 mutant fluorescent proteins in a week. During the 
construction of this setup, in parallel, we have been searching for 2P brighter FPs using structure-
properties models (Drobizhev et al. 2015). These models predict that as the one-photon absorption (1PA) 
peak position in a series of FPs with the same anionic chromophore shifts to the blue, the peak 2P cross 
section and therefore 2P brightness increase. To test this model, we characterized the 1P and 2P properties 
of 14 blue-shifted FPs with the GFP chromophore. All of them had larger 2P cross sections than the GFP 
variants commonly used for 2P microscopy. To improve upon the folding rate of the 2P brightest variants, 
we designed a chimera of the two FPs mc5 and meleCFP. This new FP, called Rosmarinus, folds faster 
than mc5, peaks in 1PA at 437 nm, and has a maximum 2P cross section of 112 GM at 850 nm, which is 
larger than either of the parent proteins. With a quantum yield of 0.85, the 2P brightness is 95 GM, which 
is more than three times that of EGFP (30 GM). Our next step is to start random mutagenesis of 
Rosmarinus and screen for even brighter and faster folder variants. Samples of Rosmarinus will be 
available at the poster, and it will soon be available through Addgene.  
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Three-Dimensional Holography for Parallel Multi-Target Optogenetic Circuit Manipulation 
Emiliani, Valentina; Ronzitti, Emiliano; Zampini, Valeria; Tanese, Dimitri; Chaigneau, Emmanuelle; 
Conti, Rossella; Papagiakoumou, Eirini; Fidelin, Kevin; Wyart, Claire; Spampinato, Giulia; Dalkara, 
Deniz; Marre, Olivier; Picaud, Serge; Schultz, Simon; Foust, Amanda 
Poster 51, Session 2 

Two-photon excitation with temporally focused pulses can be combined with computer-generated 
holography (CGH) to efficiently distribute light into axially confined patterns shaped on multiple cellular 
targets. We have recently demonstrated that using two spatial light modulators enables the generation of 
multisite multiple temporally focused holographic targets. In proof-of-principle experiments, we have 
used the system to photoconvert tens of Kaede-expressing neurons occupying separate axial planes in live 
zebrafish larvae (Hernandez et al., Nature Communication 2016) and to measure the functional 
connectivity between different layers in the retina. 

One drawback of multisite holographic illumination is that available laser power is divided among all 
targets in a specific pattern. As a result, using this approach for multisite optogenetics photostimulation 
requires optimizing laser power, sensitivity, and expression level of opsin. 

Here we have characterized the kinetics parameters, activation spectra, light sensitivity, and spiking 
properties of several opsins (ChR2, CoChR, Chronos, and ReachR) under 2P illumination. For optical 
photostimulation, we have used CGH combined with a fiber-amplifier (low repetition rate) laser source. 
Because of the higher peak power, using an amplified laser enabled us to reduce the average power 
necessary to evoke an AP down to 10–100 μW/μm2, which is about tenfold lower than what is required 
with conventional mode-locked lasers. We showed that these illumination conditions enable using 
photostimulation pulses shorter than the channel rise time, τon, therefore enabling in vitro AP generation 
with millisecond temporal resolution and sub-millisecond temporal jitter independently on the opsin value 
of τon. Conversely, the channel closing time, τoff, has a key role in limiting the achievable spiking rate. 

Our results highlight the potential of multiplane, multisite computer generated holography to mimic a 
broad range of physiological firing patterns, key to analyzing how specific patterns of network activity 
contribute to behavior and pathological states.  
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Toward In Vivo Circuit Activity Measurement at Single-Cell, Sub-Threshold Resolution 

Forest, Craig; Stanley, Garrett; Whitmore, Clarissa; Liew, Yi; Borden, Peter; Pala, Aurelie; Kolb, Ilya; 
Stoy, William; Capocasale, Thomas; Yang, Bo 
Poster 53, Session 2 

Studies of synaptic properties in long-range, sub-, and transcortical circuits in vivo require routine 
intracellular access and multi-site recordings across brain regions. While the in vivo whole-cell patch 
clamp technique is the gold standard for achieving these multimodal characterizations, it remains a highly 
manual and low-yield endeavor. Here, we describe the development of a suite of tools to enable fully 
automated sequential recordings in vivo through the cleaning and reuse of pipettes, a novel algorithm for 
unobstructed localization of pipettes to deep nuclei, and a formal approach for targeting paired recordings 
in topographically aligned thalamocortical regions. 

To circumvent the need for a human operator to exchange pipettes, we developed an automated method 
for cleaning pipettes that enables their reuse within 1 minute. By immersing pipette tips into Alconox, 
followed by rinsing, we were able to reuse pipettes 10 times without degradation in signal fidelity. We 
demonstrated the utility of pipette cleaning by developing the first robot to perform sequential patch 
clamp recordings in vivo without a human operator. 

We have developed an autonomous method to navigate electrodes around blood vessels during regional 
pipette localization (RPL) in vivo. This navigation increased RPL yield 3 mm below the pial surface to 
82% (n = 72/88) over traditional, linear localization (25%, n = 24/95) and resulted in high-quality 
thalamic whole-cell recordings with average access resistance (27.0 MΩ) and holding current (−52.6 pA) 
similar to cortical recordings. Whole-cell yield improved from 1% (n = 1/95) to 10% (n = 9/88) when 
robotic navigation was used during RPL. 

To lay the foundation for multi-site recording across connected brain structures, we also developed a step-
by-step experimental and analytical approach, which involves targeting cortical structures using optical 
tools and correlational analysis to evaluate functional relationship between neuronal pairs. Together, these 
technologies represent a toolset for unattended, high-throughput studies of synaptic properties in vivo. 
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Examining Brain Processes at the Individual Level 
Gates, Kathleen; Bollen, Ken; Hopfinger, Joe; Fisher, Zachary; Lane, Stephanie 
Poster 57, Session 2 

Individuals are known to differ in their brain processes. This is seen within diagnostic categories as well 
as among the general population. For this reason, researchers with functional MRI (fMRI) human brain 
data increasingly seek to analytically capture brain processes for each individual separately. 
Unfortunately, there is a dearth of methods available for reliably arriving at statistical models at the 
individual level. 

Further complicating the state of the science is that oftentimes researchers must choose between analyzing 
data within a brain network or between brain networks. While it is informative to examine the way in 
which brain regions within a given network relate to each other, it would help to better understand the full 
functional brain to also look at how these networks relate to each other. Researchers need analytic tools 
that allow for individual-level analysis of brain processes that accommodates these issues. 

We present initial work toward resolving these issues from within an analytic framework that has already 
been shown to be robust. In fact, the framework has been able to reliably detect individual-level nuances 
in within-network brain connectivity and has been used to differentiate individuals based on their 
diagnoses. These initial efforts indicate that the framework will help researchers better understand brain 
processes that relate to cognitive performance, diagnoses (e.g., major depressive disorder, attention deficit 
hyperactivity disorder), and demographics. This poster presents initial findings and first steps toward 
integrating within- and between-network analysis in one unified framework for each individual. 

 

A Circuit Theory of Cortical Function 
Gilbert, Charles; Altavini, Tiago; Astorga, Guadalupe; Freiwald, Winrich; Reeke, George 
Poster 59, Session 2 

We propose a general theory of brain function that we are testing by combining psychophysics, fMRI, 
large-scale electrode array recording, and computational models. Our theory advances the idea that 
neurons are adaptive processors that respond differently as one shifts between behavioral tasks. To do 
this, neurons select subsets of inputs, engaging those that are task relevant and suppressing those that are 
task irrelevant. This theory will be tested experimentally by training animals on an object recognition 
task. We are using a stimulus set consisting of objects and components of objects that are informative in 
identifying the objects to which they belong. In the past year, we have designed and built a touch-screen 
training apparatus incorporating a program that presents animals with a set of visual stimuli consisting of 
a range of objects and object components, where the animals will be required to identify a cued object 
within the stimulus set. We will identify, using fMRI, the cortical regions in the ventral visual pathway 
that respond to the different classes of stimuli and then, based on this information, implant electrode 
arrays in these areas. This will enable us to determine the stimulus selectivity of neurons in the implanted 
areas and to test the idea that their selectivity is dependent on top-down influences of object expectation. 
We will also determine whether and how the effective connectivity within and between cortical areas 
changes as a function of behavioral context, with differential routing of information through cortical 
circuits and re-entrant processing mediating the process of object recognition. Together with the 
experimental work, we are developing a computational platform that will allow us to explore potential 
mechanisms of input selection and functional dynamics across multiple cortical areas. 
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Compact Diode Laser–Based Pulse Source and Electrowetting Adaptive Optical Elements for 
Multiphoton Biological Imaging 
Gopinath, Juliet T.; Bright, Victor M.; Gibson, Emily A.; Restrepo, Diego 
Poster 61, Session 2 

Multiphoton microscopy is a powerful technique for in vivo imaging of biological tissue. Long 
wavelength excitation allows imaging depths of >1 mm. The main challenge is the high peak power 
required, typically several kW. Often, systems use Ti:sapphire lasers, but in contrast, semiconductor 
lasers are portable and efficient. While mode-locking is effective for short pulse generation, parameters 
are constrained by the laser cavity (repetition rate) and gain saturation and two-photon absorption (pulse 
energy). An elegant alternative is offered by the time-lens technique, in which a parabolic temporal phase 
causes pulses to compress during propagation through a dispersive medium just as light is focused by a 
spatial lens. Time-lens lasers can produce fs pulses with arbitrary repetition rates and electrically 
programmable chirp. We demonstrate a 976 nm laser with a tunable repetition rate between 66.67 kHz–10 
MHz, with 2.3 ps pulses and peak power >1 kW. The laser components are fiber-coupled and scalable to 
a compact package. We demonstrate two-photon excitation fluorescence of >600 μm depths in brain 
tissue. To the best of our knowledge, this is the first time-lens source with excitation wavelengths (976 
nm) compatible with two-photon excitation of eGFP (enhanced green fluorescent protein). 

Additionally, we have also demonstrated adaptive optical components that can be used in multiphoton 
microscopy. Electrically tunable lenses and prisms have been used for optical switching and beam 
steering, as well as microscopy. Our adaptive optical components are based on the electrowetting 
principle, in which an applied voltage changes the curvature between a liquid-liquid interface. We 
demonstrate ± 2 degrees of beam steering from an electrowetting prism and ultralow power consumption 
from tunable lenses. We believe that both the laser and electrowetting technologies show promise in 
multiphoton microscopy for the study of the brain.  



 

 
100 

Closing the Loop on Tremor: A Responsive Deep Brain Stimulator for the Treatment of Essential 
Tremor 
Gunduz, Aysegul; Foote, Kelly; Okun, Michael 
Poster 63, Session 2 

Essential tremor (ET) is an incurable, degenerative brain disorder that results in increasingly debilitating 
tremor and afflicts an estimated 7 million people in the U.S. ET is directly linked to progressive 
functional impairment, social embarrassment, and even depression. Deep brain stimulation (DBS) has 
emerged as a highly effective treatment for intractable, debilitating ET. However, since the intention 
tremor of ET is typically intermittent and commonly absent at rest, the currently available continuous 
DBS may be delivering unnecessary current to the brain that increases undesirable side effects, such as 
slurred speech and walking difficulty, and hastens the depletion of device batteries, necessitating more 
frequent surgical procedures to replace spent pulse generators. The overall objective of this early 
feasibility study is to provide preliminary data on the safety and efficacy of “closed-loop” DBS for 
intention tremor using novel DBS devices capable of continuously sensing brain activity and delivering 
therapeutic stimulation only when necessary to suppress tremor. We will measure and compare the power 
usage and the assessment of side effects with adaptive (closed-loop) versus continuous (open-loop) DBS. 
First, we will identify the neural correlates of movement intention in local field potential (LFP) recordings 
from subdural electrode arrays implanted over the premotor hand cortex. Next, we will determine the 
neural correlates of hand tremor from the primary motor hand cortex and in the ventral intermediate 
(Vim) nucleus LFPs. We will then use these markers to actuate therapeutic DBS when intention and/or 
tremor is detected and to terminate DBS when absence of tremor is detected. The proposed project is 
expected to provide proof of concept for the first chronic closed-loop DBS system for the treatment of a 
debilitating movement disorder in humans. We expect that this project will also lead the way for future 
closed-loop adaptive DBS systems designed for other movement disorders.  
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Human Hippocampal Recording: Development of a DARPA RAM Human Memory Prosthetic 
Hampson, Robert; Song, Dong; Berger, Theodore; Deadwyler, Sam 
Poster 65, Session 2 

A detailed analysis of human hippocampal neuronal circuitry, particularly with respect to isolation and 
identification of the CA1 and CA3 principal neurons, is necessary for development of a human memory 
prosthetic and application for memory restoration. We report, for the first time, confirmed localization of 
depth electrodes within the CA3 and CA1 subfields in the human hippocampus along with 
electrophysiological recordings from identified CA1 and CA3 neurons. Thirteen adult human patients 
with medically refractory epilepsy underwent stereotaxic implantation of multiple-site depth electrodes 
inserted into the hippocampus for seizure localization. High-resolution MRI scans showed electrode 
placement in hippocampus, while pairwise cross-correlations assessed CA1 and CA3 localization of 
recording sites. Involvement in memory processing was confirmed via single CA1 and CA3 neuron firing 
patterns recorded while the patients performed a visual delayed match-to-sample (DMS) memory task. 

Post-operative MRI confirmed that multi-site electrodes in each patient were localized in both the CA1 
and CA3 subfields. A high ratio (53%) of synchronous cell pairs and positive latency (24%) cross-
correlations confirmed that neuron pairs with common neuronal network inputs or functional synaptic 
(feed forward) connectivity reflected electrode localization within the CA1 or CA3 hippocampal cell 
layers. A low percentage of negative latency cross-correlations (3% of cell pairs across all patients) 
indicated that mis-categorization of CA1/CA3 neuron localization was unlikely. Additional nonlinear 
modeling of CA3-to-CA1 encoding confirmed similar functional connectivity during the task and 
validated the relevance of CA1 and CA3 neural firing patterns for development of a neural prosthetic to 
facilitate memory in humans. 

 

Individual Variation, Plasticity, and Learning in Human Brain Evolution 
Hecht, Erin; Cooper, Lee; Kruger, Ann; Gutman, David; Preuss, Todd; Stout, Dietrich 
Poster 67, Session 2 

Because our BRAIN Initiative project has just begun, this talk will present our planned work and the prior 
findings on which it is based. Our study addresses a fundamental question about human evolution: Why 
does human technological culture so vastly outpace that of even our closest primate relatives, and what 
can this evolutionary perspective tell us about the basis of modern human technological learning? 
Comparative chimpanzee–human studies suggest that these abilities may be related to adaptations to 
association networks linking frontal, parietal, and temporal regions. At the same time, experimental 
archaeology studies have investigated learning processes during the acquisition of an evolutionarily 
relevant technological skill, Paleolithic stone tool making. Interestingly, regions that show plasticity 
during tool-making learning overlap tightly with those that show chimpanzee–human differences, 
suggesting that technology may have contributed to recent selection for high plasticity in these association 
networks. Furthermore, our preliminary data hint that individual variation may play an important role in 
plasticity. Other studies have indicated that humans show reduced genetic constraint on cortical 
morphology and protracted white matter development, consistent with a role for increased plasticity in 
human brain evolution. Humans show unique capacities for the social transfer of skill learning, which are 
themselves highly sensitive to cultural constructs. Thus, it appears that interactions between individual 
variation, brain anatomy, and social information transfer are crucial for understanding the evolutionary 
history and contemporary process underlying humans’ complex technological learning abilities. Our work 
will address these questions using a multidisciplinary approach, integrating expertise in informatics, 
neuroscience, anthropology, and educational psychology.  
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Neural Scaling Laws for an Uncertain World 
Howard, Marc; Shankar, Karthik H. 
Poster 69, Session 2 

Autonomous neural systems must efficiently process information in a wide range of novel environments, 
which may have very different statistical properties. We consider the problem of how to optimally 
distribute receptors along a one-dimensional continuum consistent with the following design principles. 
First, neural representations of the world should make as few assumptions as possible about the statistical 
structure of the world. Second, neural representations should convey, as much as possible, equivalent 
information about environments with different statistics. The results of these arguments resemble the 
structure of the visual system and provide a natural explanation of the behavioral Weber–Fechner law, a 
foundational result in psychology. Because the derivation is extremely general, this suggests that similar 
scaling relationships should be observed not only in sensory continua but also in neural representations of 
“cognitive” one-dimensional quantities such as time or numerosity. 

 

Calcium Sensors for Molecular fMRI 
Jasanoff, Alan; Barandov, Ali; Bartelle, Benjamin B.; Okada, Satoshi; Lee, Jiyoung; Rodriguez, 
Elisenda; Gonzalez, Beatriz A.; Melican, James; Lippard, Stephen J. 
Poster 71, Session 2 

The development of minimally invasive direct readouts of neural activity is one of the greatest challenges 
facing neuroscience today. Calcium sensors for molecular-level functional magnetic resonance imaging 
(fMRI) can meet this challenge because the calcium ions they target are closely coupled to neuronal 
signaling patterns. We have synthesized a series of calcium-sensitive molecular probes assembled from 
our recently published amphiphilic Mn(III)-based MRI contrast agents, which spontaneously penetrate 
cells and can be selectively retained in specific esterase-expressing cells. Calcium-sensitive variants are 
designed to label cells and target intracellular calcium fluctuations in the manner of fluorescent calcium 
dyes like Fura-2-AM. Current sensors undergo changes in strength of roughly 40% to 60% upon calcium 
addition in vitro; although the sensors successfully penetrate and label cells, their calcium responses are 
attenuated in the cellular milieu. While we are improving the compounds to address this limitation, we 
have also made substantial progress sensing extracellular calcium changes in vivo using newly developed 
magnetic nanoparticle-based sensors. Like intracellular calcium, extracellular Ca2+ levels have been 
reported to track neuronal activity on a fast time scale. The nanoparticle-based sensors respond reversibly 
to calcium changes in the 0.1–1.0 mM range, with response times on the order of seconds. Importantly, 
we have just shown that these sensors permit repeated detection of potassium- or glutamate-induced brain 
stimulation in experiments that constitute the first demonstration of calcium-dependent molecular fMRI in 
vivo. We are now in the process of extending our extracellular calcium mapping technique to cover more 
extensive brain regions in rodents, and we expect to apply related methods for validating cell-permeable 
sensors as they continue to become available.  
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Toward Functional Molecular Neuroimaging Using Vasoactive Probes in Human Subjects 
Jasanoff, Alan; Desai, Mitul; Slusarczyk, Adrian L.; Ohlendorf, Robert; Wisniowska, Agata; Chapin, 
Ashley; Barch, Mariya; Sharma, Jitendra; Sur, Mriganka 
Poster 73, Session 2 

The establishment of new and precise strategies for mapping brain activity in human subjects is one of the 
highest priorities of the BRAIN Initiative. We are addressing this challenge by developing a 
transformative noninvasive neuroimaging approach capable of mapping molecular events in the brain. 
Our strategy is based on a fundamentally new type of chemical imaging probe designed to produce 
noninvasive neuroimaging readouts by purposefully manipulating endogenous hemodynamic contrast in 
the brain—in effect, hijacking the blood oxygen level dependent (BOLD) effect in magnetic resonance 
imaging (MRI) to perform neural target-specific molecular imaging. We have developed two families of 
hemodynamic imaging probes, based respectively on the vasoactive peptides CGRP and PACAP. We 
showed as a proof of principle that CGRP-based probes can be detected in rat brains with sensitivity 
about 1000-fold better than conventional MRI contrast agents. Sensors can be constructed from these 
molecules by fusing them to labile domains that block their activity in the absence of the analyte of 
interest. To adapt this principle for sensing neurotransmitters, we have focused on engineered candidate 
vasodilators that are modified with tethered small molecules. We have now validated this approach using 
a model biotin-streptavidin system and are now in the process of substituting in a series of tethered 
neurotransmitters (glutamate, GABA, dopamine, and serotonin), each of which may be blocked by 
corresponding protein moieties. To deploy the sensors in human subjects, it will be essential to render 
them permeable to the blood-brain barrier (BBB). To address this need, we have constructed and 
performed initial tests with vasoactive moieties conjugated to trans-BBB carrier vehicles. 



 

 
104 

Neurons, Vessels, and Voxels: Multi-Model Imaging of Layers 
Kara, Prakash; Naselaris, Thomas; Olman, Cheryl; Ugurbil, Kamil 
Poster 75, Session 2 

Functional MRI (fMRI) infers the location and selectivity of neural activity from vascular signals. 
However, brain circuits are much more complex than regional differences in neuronal selectivity. 
Specifically, the neocortex is divided into six distinct layers, and specific computations are done in 
specific cortical laminae. Thus, if high-resolution layer-specific fMRI is shown to reflect the repertoire of 
neural computations performed across these cortical layers, it would be an invaluable refinement to non-
invasive imaging. 

The goal of this project is to elucidate the link between neural and vascular signals across laminae by 
combining two-photon imaging of neural and vascular responses with ultra-high-field (UHF) fMRI. In cat 
primary visual cortex (V1), we will measure neural activity (synaptic and spiking) with single-cell 
resolution together with vascular signals (blood flow, blood volume, and oxygenation) in individual 
vessels across the entire cortical thickness. We will also perform UHF lamina-specific fMRI in cat (9.4 
and 16.4 T) and human (7 and 10.5 T) V1 to relate fMRI signals to the single-vessel responses. Lastly, we 
will develop a model to relate lamina-specific vascular signals to neural activity. 

In Aim 1, we test the hypothesis that vascular signals selective for stimulus orientation are present in 
cortical layers 2/3 (and 5/6) while layer 4 responses are un-tuned. Grating visual stimuli will be presented 
separately to each eye, varying orientation systematically. Since binocular integration is stronger outside 
layer 4, eye preference vascular signals should be most prominent in layer 4. In Aim 2, we will test the 
hypothesis that glutamate release in regions around an individual blood vessel best accounts for the tuning 
of vascular responses compared to spiking activity. Aim 3 is to build a computational model to determine 
effective minimum voxel size for BOLD fMRI, testing the model against simultaneously measured 
vascular and neural activity to natural scene stimuli.  
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Multiscale Analysis of the BOLD Signal 
Keilholz, Shella; Pan, Wenju 
Poster 77, Session 2 

Evidence is growing that sources of “noise” in the BOLD signal contain clinically relevant information 
about activity at different spatial and temporal scales. The challenge lies in separating contributions from 
different processes so that selective sensitivity to the process of interest can be achieved. We combine 
spatial, spectral, and temporal signal characteristics with multi-modal imaging to separate the BOLD 
fluctuations into four components with different spatial and temporal scales: (1) a quasiperiodic 
spatiotemporal pattern (QPP) linked to infraslow electrical activity; (2) oscillations that arise from 
properties of the vasculature; (3) global signal variations that do not reflect local neural processing; and 
(4) the remaining variability, which should have increased sensitivity to time-varying interactions 
between regions. The two key elements that make the isolation of BOLD components possible are the 
direct measurement of neural activity in conjunction with imaging experiments in the rat model, and 
dynamic analysis techniques that can capture spatial and temporal patterns in the imaging and recording 
data. The tools we develop will be optimized and applied to standard resting-state functional MRI studies 
in humans.  

Our preliminary data show that the BOLD signal contains contributions from two separable types of 
neural activity: infraslow activity, which produces quasiperiodic spatiotemporal patterns of BOLD 
activation; and activity in typical EEG bands, which is more closely tied to time-varying activity between 
areas. Using only analytical tools, we can separate and identify similar processes in human data, a strong 
argument for the ultimate translatability of these techniques. We also show that the QPPs alone account 
for the differences in connectivity observed between patients with major depressive disorder and healthy 
controls, demonstrating how selective analysis methods can aid in the diagnosis of psychiatric and 
neurological disorders and provide new insight into the alterations in connectivity that many disorders 
exhibit. 

 

Computational and Circuit Mechanisms for Information Transmission in the Brain 
Kepecs, Adam; Frank, Loren; Joo, Hannah; Masset, Paul; Gouvet, Thiago; Tolosa, Vanessa 
Poster 79, Session 2 

The brain is a massively interconnected network of regions, each of which contains neural circuits that 
process information related to combinations of sensory, motor, and internal variables. Adaptive behavior 
requires that these regions communicate: Sensory and internal information must be evaluated and used to 
make a decision, which must then be transformed into a motor output. Despite the importance of this 
question, we know relatively little about the principles of how spiking activity in one region influences 
activity in downstream areas, particularly in the context of cognitive operations like decision-making. 
Here we study this question by focusing on how the ventral striatum (VS), a region critical for 
motivational control of behavior, receives and processes information from two important upstream 
regions, the orbitofrontal cortex (OFC) and the hippocampus (HIP). 

We have developed two novel behaviors that incorporate perceptual, value, and memory-based decisions 
and post-decision confidence reports so that we can interrogate OFC and HIP. We have implanted novel 
polymer probes in these areas to understand their activity and coordination.  
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Viral Receptor Complementation Strategy Overcomes CAV-2 Tropism for Neuronal Retrograde 
Labeling 
Li, Shu-Jing; Kepecs, Adam 
Poster 81, Session 2 

Understanding connectivity between different brain regions, and the corresponding behavioral function of 
projection neurons, has been enabled by retrograde viral strategies. All known retrograde viruses are 
limited by their tropism; in order to be infected, a given cell type must express cell-surface receptors for 
virus internalization and axonal transport. Cell-type diversity is thus a serious problem for all viral 
methods that aim to reveal the ground truth in connectivity. Here we developed a receptor 
complementation strategy to overcome the limitations of viral tropism for the commonly used retrograde 
virus, canine adenovirus type 2 (CAV-2). We use an AAV construct to potentiate neurons for CAV-2 
infection by expression of the coxsackievirus and adenovirus receptor (CAR). This virus greatly enhanced 
CAV-2 infection rates and overall retrograde labeling across multiple long-range projections in both mice 
and rats. We also used the dual viral system and “Cre-Switch” method to enable the expressions of CAR 
and an assortment of Cre-dependent cargos (channelrhodopsin etc.) in the same neuron. Altogether, we 
present a novel strategy to minimize viral tropism and facilitate efficient retrograde labeling and 
functional dissection of neural circuits. 

 

Pathway-Specific Encoding of Actions and Outcomes in Dorsomedial Striatum 
Donahue, Chris; Kreitzer, Anatol 
Poster 89, Session 2 

The basal ganglia are theorized to play a critical role in action selection and reinforcement learning. The 
primary input nucleus to the basal ganglia, the striatum, contains two intermingled classes of projection 
neurons, the direct and indirect pathway medium spiny neurons (dMSNs and iMSNs), which exert 
opposing effects on downstream structures. While the roles of the direct and indirect pathways in 
facilitating and suppressing action are relatively well known, the pathway-specific contributions to 
reinforcement learning are much less understood. To address this question, we trained mice to perform a 
value-based dynamic foraging task. The location of the port associated with high reward probability 
underwent frequent unsignaled reversals, so that the animals had to learn by integrating their recent 
history of actions and outcomes. We imaged pathway-specific activity in the dorsomedial striatum 
through the use of a genetically encoded calcium indicator (GCaMP6m) with a head-mounted microscope 
while the animals performed the task. Previous work analyzing bulk calcium dynamics with fiber 
photometry showed that both dMSNs and iMSNs are coactive when animals make contralaterally directed 
movements. Here, we replicate this finding with single-cell resolution and show that a majority of dMSNs 
and iMSNs are contralaterally tuned, with no detectable difference in how these subpopulations encoded 
movement. In contrast, we found that dMSNs and iMSNs differ in how they combine information about 
actions and outcomes. Specifically, we found that dMSNs are more active following evidence that the 
contralateral port was of higher value, while no such relationship was present in iMSNs. These results 
provide evidence that the direct pathway might play a unique role in biasing actions toward options that 
maximize reward during decision-making.  
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Brain Signatures of Individual Differences in Reading for Understanding of STEM Texts 
Li, Ping; Hsu, Chun-Ting; Schloss, Benjamin 
Poster 93, Session 2 

Reading of an expository science text is one of the main ways school-aged children and college students 
acquire basic science concepts. The project is aimed at identifying and predicting individual differences in 
students’ reading for understanding in the STEM domains. Thirty native English-speaking college 
students read five STEM texts that include GPS, Permutation and Combination, Electric Circuits, 
Supertanker, and Mars Exploration, each about 300 words. They read each text sentence by sentence in 
the MRI scanner while both their functional brain responses and their eye movements across texts were 
collected (see http://blclab.org/reading_brain/). Simultaneous multi-slice (SMS) fMRI data were acquired 
every 400 ms. To examine individual differences, we measured participants with standardized cognitive 
tests and language/reading aptitude tests. Multiple regression analyses of the fMRI data with 
psycholinguistic variables of words showed strong effects of word length in primary visual (lingual gyri) 
and auditory processing (Heschl’s gyrus) regions as well as bilateral inferior frontal gyri, bilateral 
temporal cortex, and left fusiform gyrus. The findings also replicated Richland et al.’s (2016) novel result 
of a quadratic effect of word length in the pontine brain stem. Furthermore, widespread negative effects of 
frequency were observed in regions including the bilateral middle frontal gyri, bilateral inferior parietal 
lobe, and bilateral middle temporal gyri, likely reflecting increased processing demands related to 
searching for the meanings of less frequent words. These neural response patterns are perhaps due to (a) 
the expository (rather than narrative) nature of the STEM texts and (b) the reader’s attempt to build word-
level conceptual representations. The increased temporal resolution of our data sampling using SMS 
combined with eye-tracking further contributed to our ability to detect these patterns. Additional analyses 
with dynamic causal modeling will investigate how individual differences in cognitive and reading 
abilities might modulate functional connectivity within the language-processing network and the 
executive-function network. 

 

Inferring Large-Scale Brain Networks and Pathways 
Luo, Xi; Zhao, Yi; Caffo, Brian; Li, Chiang-shan 
Poster 95, Session 2 

Our project plans to develop novel statistical machine-learning methods for big neuroimaging data. The 
scientific goal is to investigate at a large scale how changes in connectivity and activation are driven by 
task challenges. The methodological goal is to develop statistical models for inferring from data large 
dynamic graphs. This poster will also present some preliminary research results on these fronts. Our first 
model, “network of networks,” efficiently infers whole-brain, voxel-level brain networks from functional 
MRI while also considering the structural organization of the brain. Our second method infers how the 
stimulus information reaches a region through many possible intermediate regions. 

http://blclab.org/reading_brain/
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Graph Theoretical Analysis of the Effect of Brain Tumors on Functional MRI Networks 
Makse, Hernan; Holodny, Andrei 
Poster 97, Session 2 

The objective of this project is to advance a graph theoretical framework to identify core nodes in a brain 
Network of Networks to develop a web-based software tool that will allow end users from the broad 
neuroscience community to identify and analyze the most influential nodes in the brain in various disease 
states. SA#1: Develop Network of Networks (NoN) graph theoretical tools (Morone & Makse, Nature, 
524, 65–68) to identify “core nodes” for network vulnerability, which can be used as a tool to analyze 
disorders of the brain. The project will advance theoretical models from a single network to multiple 
networks and will create a tool based on this theory to be used by other neuroscience researchers and 
clinicians. SA#2: Use graph theoretical NoN analysis to understand how patients with brain tumors are 
able to retain function in certain instances due to plasticity and the reorganization of functional networks. 
Our project addresses a central problem in neuroscience: how plasticity allows the brain to recover 
function after an insult—specifically, how perturbations of the neural network (the growth of a tumor in 
the brain) affect the stability of the brain NoN and the ability of the network to avoid catastrophic collapse 
(how the brain adjusts and continues to function notwithstanding the presence of a brain tumor). Our tools 
will be used by the larger neuroscience community to study, diagnose, and develop treatment strategies 
for other brain disorders thought to be due to disruptions of brain connectivity (e.g., Alzheimer’s disease, 
ADHD, strokes, traumatic brain injury). Development and testing (in a clinical situation) of the theories 
of organization and responses to perturbations of brain networks should lead to the inference of general 
principles regarding network organization applicable to areas outside of the neurosciences. 

 

Analysis of the Mammalian Olfactory Code 
Kosuri, Sri; Wachowiak, Matt; Magnasco, Marcelo; Itskov, Vladimir; Stowers, Lisa; Matsunami, Hiro 
Poster 99, Session 2 

Mammalian olfaction is arguably the most complex sensory system in the animal kingdom, with hundreds 
of odorant receptors deployed to detect a vast array of chemical compounds across a stimulus space with 
unknown dimensionality, yet mammals—including rodents and humans—can rapidly and robustly 
discriminate among and respond to thousands of odorants and recognize complex odorant mixtures as 
distinct odor objects. Understanding how the nervous system accomplishes this uniquely difficult task is 
likely to lead to general advances in our understanding of how the brain processes information. Despite 
major advances in understanding specific facets of odor coding in recent years, the complexity of 
olfactory stimulus space and the size of the odorant receptor repertoire have created a gap in our 
knowledge of how olfactory stimuli map to odorant receptors—a gap that places a fundamental limit on 
our ability to understand how odors are encoded, perceived, and acted upon by the nervous system. 

Our project aims to overcome this bottleneck by achieving, for the first time, a comprehensive 
understanding of how odor “space” is represented by mammalian olfactory receptors (ORs) and how 
biologically meaningful features of this space are encoded at successive levels of processing, ranging 
from sensory neurons to second-order central nuclei. Toward these goals, we have made progress from 
multiple avenues over the past year. These progress includes construction of a human cell line–based 
platform capable of screening OR-ligand pairs in multiplex, improvement of our method that enables us 
to comprehensively identify active odorant receptors, optimization of the imaging approach for the large-
scale mapping of odor representations at the level of sensory input to and output from the olfactory bulb, 
and development of topological methods for understanding the structure of the OR <-> odorant response 
map.  
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Massively Parallel Electrode Arrays as Neural Interfaces 
Melosh, Nicholas; Schaefer, Andreas; Kording, Konrad 
Poster 101, Session 2 

Transitioning from small numbers of neural recording electrodes to the hundreds of thousands necessary 
to capture even a small fraction of a region’s neural activity presents significant challenges to current 
brain interface approaches. Despite significant recent advances in planar cortical recording arrays, high 
channel count depth electrodes for stimulation or recording sub-surface regions in the brain are still 
lacking. Here we take a different approach to achieve high electrode counts, creating bundles of 10 to 
100,000 insulated microelectrodes, each of which can be a separate channel. Since the electrical 
properties and insertion of these types of microwires (~10–25 μm diameter) are well known, there is good 
confidence that they can be inserted into the brain and record or stimulate neural activity. 

One of the key questions for this approach is how to address such large numbers of electrodes; 
conventional soldering or flex connectors are inadequate at this scale. Instead, we are developing 
heterogeneous integration methods to merge non-planar electrode arrays onto CMOS microelectronic 
chips, such as those used for cameras or displays. These chips are already available with more than 1 
million independent pixels and thus have room to spare to record or stimulate from 100,000 or more 
electrodes. The chip architectures have similar electronics and voltage/current ranges as neural interface 
systems, enabling use of even off-the-shelf chips. Here we present our efforts to build and test these 
massively parallel interface systems, including bundle preparation and connectivity yield with the CMOS 
pixels. We show that microelectrode bundles and nanowire arrays can be integrated onto CMOS 
platforms with reasonable connectivity yields, and each channel can produce physiologically relevant 
stimulation current or recording speed for highly dense electrical interfaces. These systems may provide a 
means to reach the electrode numbers and electronic readouts necessary for next-gen brain machine 
interfaces. 

 

Self-Motile Electrodes for Three-Dimensional, Non-Perturbative Recording and Stimulation 
Melosh, Nicholas; Ferro, Marc 
Poster 103, Session 2 

Transitioning from small numbers of neural recording electrodes to many thousands requires 
consideration not only of data management, but also of how to non-destructively deliver these electrodes 
into the desired brain regions. Here we propose a revolutionary system aimed at high-density sampling 
across three dimensions of control using self-inserting, micron-scale electrodes. The design rules for 
depth electrodes are currently proscribed by the need for these devices to be mechanically “stiff” enough 
to be pushed into the tissue without buckling. This requires relatively large electrodes, and higher 
electrode numbers are achieved by placing individual electrodes onto this mechanically robust substrate. 
We propose to break this paradigm by creating arrays of electrodes that are each “self-motile”; that is, 
they pull themselves from the front using a “front-wheel drive” mechanism, rather than being pushed 
from behind. The physics is based upon an electro-osmotic drive and nano-actuation. We propose that this 
mechanism will allow insertion of small (~10 μm wide × 0.20 μm thick), ultra-flexible electrodes with 
minimal damage that could not be inserted mechanically.  
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Workshops on Methods and Infrastructure for Scalable Computing in Neuroscience 
Michael, Lauren; Nowak, Robert; Rogers, Timothy; Willett, Rebecca 
Poster 105, Session 2 

Computational and data-intensive neuroscience has been growing rapidly. However, many neuroscientists 
are not familiar with scalable computational approaches and the diverse, widely available computational 
resources that can be used to accelerate neuroscience data analysis and modeling, such as the advanced 
computing resources of the Open Science Grid and the XSEDE network, among others. Many computing 
infrastructure experts also know little about the computational and data challenges in contemporary 
neuroscience. This project will address these issues through a pair of multidisciplinary workshops and 
development of training materials designed to bring together and educate both neuroscientists and 
computational infrastructure communities. In the first workshop, leading neuroscientists and computing 
infrastructure experts will share computational practices to identify critical theory and best practices for 
matching neuroscience computational approaches with appropriate infrastructure configurations. The 
second workshop will be timed to coincide with the 2018 annual meeting of the Cognitive Science 
Society, to be held in Madison, Wisconsin. The overall goal is dissemination of these best practices and 
accompanying practical training on advanced computing resources to accelerate neuroscience discovery. 
This project therefore aligns with the NSF mission to promote the progress of science and to advance the 
national health, prosperity, and welfare. 

At the Center for High Throughput Computing (CHTC) at the University of Wisconsin–Madison, 
breakthrough progress in neuroscience has been enabled by integrating computational expertise and 
domain expertise via Research Computing Facilitators. This model has demonstrated that scientific 
paradigm shifts can be achieved by human-driven matchmaking to pair research programs, computational 
methods experts, and appropriate computational infrastructure configurations. The workshops will foster 
replication of this matchmaking approach to impact the broader neuroscience community. The overall 
goal is to empower brain researchers to select the scalable computational resources that are most 
appropriate for their specific research programs, to achieve dramatic rapid progress in the field. 
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Multimodal Co-Registration of Whole-Brain Histological Data and Anatomical Atlases Using 
Diffeomorphic Metric Mapping 
Ferrante, Daniel; Lee, Brian; Miller, Michael; Mitra, Partha 
Poster 107, Session 2 

Development of computational anatomical methods in the last two decades has largely focused on MRI 
and fMRI image data. The underlying mathematical tools are now mature and draw upon concepts from 
differential geometry, culminating in methods such as Large Deformation Diffeomorphic Metric Mapping 
(LDDMM) that are currently available for use. LDDMM provides geodesic connections of coordinate 
systems associated to the Riemannian metric of anatomical shapes and forms and provides a 
mathematically sound grounding to the subject, while the efficient software implementations make it 
practical to apply the methods routinely to large sets of MRI image volumes. 

Recent developments in light microscopy–based acquisition of whole-brain neuroanatomical image data 
have given rise to an urgent need for similar tools for histological data drawn from whole brains of mouse 
or other vertebrate species (e.g., the marmoset monkey). However, these histological whole-brain data 
sets pose fundamental challenges to the previous generation computational anatomical methods due to the 
much finer resolution: The LM data sets are in the giga- to tera-voxel range—i.e., four to six orders of 
magnitude larger than the MRI data volumes. We have addressed this problem by adapting computational 
anatomy methods from MRI and applying them to whole-brain neurohistological data sets gathered in the 
Mouse Brain Architecture Project, and we successfully performed brain-to-atlas and atlas-to-brain morphs 
for hundreds of brain volumes. These results will be presented together with the methodological 
modifications that were necessary for applying the previous methods to the much larger LM brain image 
volumes in a robust and mathematically sound manner. 

 

Microscale Optically Transduced Electrode Sites 
Molnar, Alyosha; McEuen, Paul; Goldberg, Jesse; Xu, Chris 
Poster 109, Session 2 

This project aims to develop micro-scale optically transduced electrodes (MOTEs). These free-floating 
<100 m implantable transducers will be able to measure extracellular potentials (spikes and LFPs) while 
transmitting data and receiving power using the optics of a standard two-photon microscope rig. The goal 
is to allow simultaneous electrophysiological and optical recording of neural activity, in vivo, without 
tethered electrodes. The core hardware includes low-power, low noise integrated CMOS amplifiers, as 
well as circuitry to encode the amplifiers’ output voltage in the timing of short, intense current pulses. 
The pulses will drive an integrated LED to communicate the data optically. An integrated photovoltaic 
cell will extract power (~1 W) from incident near-infrared light to power the amplifier and encoder. By 
using a two-photon rig to provide incident light and detect returned light pulses, it should be possible to 
power and record from many (time-multiplexed) MOTEs simultaneously. Because precise focusing of the 
optics is not required, MOTEs should allow measurements at depths beyond the scattering limit of the 
microscope itself and/or at the same time as imaging is performed on nearby neurons. 
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Wide-Field Imaging Using Genetically Encoded Voltage Sensors in Awake Rodents 

Morrissette, Arthur; Borden, Peter; Sederberg, Audrey; Waiblinger, Christian; Stanley, Garrett; Jaeger, 
Dieter 
Poster 111, Session 2 

We utilize novel genetically expressed voltage indicators (Butterfly1.2 and ArcLight) in the awake rodent 
to correlate neural activity across spatial regions during behavioral tasks. First, we have rigorously tested 
the capabilities of the GEVIs as a measurement technique for large-scale cortical recording. We have 
determined that the GEVI ArcLight represents the average evoked neurological activity using 
simultaneous LFP recordings in the primary S1 barrel cortex. Furthermore, we have reliably captured 
GEVI responses over the course of days to weeks in response to a sensory stimulus and during a simple 
sensory detection task. In order to examine neural circuits controlling sensory-motor integration in cortex, 
we have developed two behavioral tasks: a forced-choice L/R licking task, in which the direction of 
rewarded licking is determined by air puffs to the L/R whiskers; and a treadmill walking task, in which 
the mouse must initiate walking following an air-puff stimulus. We have started to optogenetically inhibit 
the output from the basal ganglia via the substantia nigra pars reticulata (SNr) during specific phases of 
either behavioral task. We find that optogenetic inhibition of the SNr unilaterally (via eArch3.0 
illumination) could trigger licking or locomotor activity, as expected from a traditional basal ganglia 
model where SNr tonically inhibits motor thalamus. Using Butterfly1.2 GEVI imaging, we found that 
optogenetic inhibition of the SNr could lead to transient increases in neural activity across sensorimotor 
cortex, suggesting the basal ganglia gate cortical activation through thalamo-cortical projection pathways. 
We will further examine the mechanisms of basal ganglia-cortical gating through simultaneous 
electrophysiological recordings in the thalamus and imaging of sensorimotor cortex during behavior. 

 

Light Microscopy Tools Automated Mapping of Cell Density, Morphology and Connectivity in the 
Rodent Brain 
Narasimhan, Arun; Kim, Yongsoo; Pradhan, Kith; Umadevi Venkataraju, Kannan; Ferrante, Daniel; He, 
Miao; Levine, Jesse; Mitra, Partha; Huang, Z. Josh; Osten, Pavel 
Poster 115, Session 2 

Since the first visualization of brain cytoarchitecture by Camillo Golgi and Santiago Ramón y Cajal at the 
turn of the last century, scientists have been captivated by the astonishing variety of cell types comprising 
the structure of the mammalian brain. Until now, however, it has not been possible to systematically map 
cell type morphologies and other anatomical cell type features across the entire mammalian brain. Here 
we present a novel ex vivo microscopy method and a pipeline computational method that we developed 
for automated mapping of cell-type cell density, morphology, and connectivity across the entire mouse 
brain. The new microscopy, which we call oblique plane tomography (OPT), is capable of imaging the 
entire mouse brain at the resolution of 0.4×0.4×5 microns in 8 hours by integrating oblique light-sheet 
fluorescence imaging and tissue sectioning. The computational pipeline, which we call the Headlight, 
allows for stitching, visualization, and analysis of the whole-brain datasets. As an example of application, 
we present data from quantitative brainwide atlasing of several inhibitory interneuron cell types, including 
the parvalbumin-, somatostatin-, and vasoactive intestinal peptide–positive interneurons. 
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Adaptive Algorithms for Suppression of Neural Biomarkers with Deep Brain Stimulation 
Netoff, Theoden; Nagaraj, Vivek; Grado, Logan; Lamperski, Andrew; Johnson, Matt; Moehlis, Jeff 
Poster 117, Session 2 

Deep brain stimulation is used for treating Parkinson’s disease, essential tremor, and epilepsy, and there is 
interest in using it for many other neurological diseases. Deep brain stimulation devices have many 
parameters, such as voltage and stimulation frequency, that can be adjusted by the clinician. Adjusting the 
parameters is a lengthy and somewhat haphazard process. New devices allow us to monitor neural activity 
from deep brain stimulation leads not being used for stimulation. This provides us with the opportunity to 
use machine-learning algorithms to optimize stimulation parameters based on biomarkers. In this talk, I 
will discuss how we have been using closed-loop control algorithms to develop stimulation waveforms 
that suppress neural activity in epilepsy models and tune stimulation parameters for Parkinson’s disease. 

 

Integrated Multichannel System for Transcranial Magnetic Stimulation and Parallel Magnetic 
Resonance Imaging 
Nummenmaa, Aapo; Witzel, Thomas; Stockmann, Jason; Ahveninen, Jyrki; Camprodon, Joan; Wald, 
Lawrence; Rosen, Bruce; Pratt, Kevin; Mascarenas, Anthony; Miller, Paul; Paulson, Douglas; Okada, 
Yoshio 
Poster 119, Session 2 

We present the basic concepts behind our “Integrated multichannel system for transcranial magnetic 
stimulation (TMS) and parallel magnetic resonance imaging (MRI).” The purpose of the TMS-MRI 
system is to enable non-invasive multi-target stimulation of cortical regions with rapid and flexible 
stimulus shaping under electronic control while simultaneously recording functional MRI (fMRI) signals 
from the whole brain with high spatiotemporal resolution. The system will consist of 3 x 16 = 48 TMS 
channels with three orthogonal coils at each of the 16 units and a TMS-compatible 32-channel whole-
head RF receive coil array for MRI. Each of the 48 TMS channels will be driven by an individual 
amplifier unit with adjustable pulse width and polarity. The system will be incorporated as an insert into a 
commercial 3T MRI scanner. 

We first present the three-axis TMS coil design and demonstrate the additional flexibility that it provides 
for shaping the induced electric fields (E-fields). Then, we perform simulations to quantify how the 
additional degrees of freedom offered by the three-axis design improve the E-field targeting accuracy in a 
multichannel TMS setup. We also present electromagnetic computations to estimate the torques and 
forces that will be acting on the coils when placed into the 3T MRI and characterize the coupling between 
the TMS-induced magnetic fields and the main imaging field. We illuminate the potential usefulness of 
the system by simulated multi-targeting scenarios using an anatomically realistic human head model. We 
study cases where multiple targets are activated simultaneously or sequentially, and we also study how 
the depth-penetration profile of the stimulation can be potentially changed using the multi-coil approach. 
Finally, we present preliminary data using a single-channel TMS coil used in conjunction with an eight-
channel custom-made RF receive coil array.  
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Genetically Encoded Reporters of Integrated Neural Activity for Functional Mapping of Neural 
Circuitry 
Or, Grace; Thiller, Yann; Maly, Jan; Lillya, Mark; Papadopoulos, Stelios; Sack, Jon T.; Tian, Lin; 
Yarov-Yarovoy, Vladimir; Lam, Kit S.; Trimmer, James S. 
Poster 121, Session 2 

Neural circuitry is a dynamic signaling network that incorporates neuronal activity at a variety of spatial 
and temporal scales. To understand the dynamics of neural circuitry and its control of behaviors, it is 
essential to identify activity-dependent neural ensembles across time and brain structures. Existing tools 
for mapping functional neural circuitry, such as genetically encoded indicators of neural activity based on 
fluorescence proteins or “immediate early genes,” have begun to outline behavioral circuits but lack either 
the spatial or temporal resolution to precisely mark activated neurons in the distributed circuitry. We thus 
propose to develop an innovative fluorescent reporter of integrated neuronal activity to overcome these 
challenges. A fingerprint of the electrical excitability of neurons is the activation status of the brain’s ion 
channels. The activation of ion channels is determined by their conformational and phosphorylation 
status. We thus hypothesize that probing the activation of potassium channel Kv2.1 in time and space 
would provide a direct and effective approach to obtain spatiotemporal patterns of neural activity across 
circuitry or systems. Here, we present the development of a novel toolset of probes to monitor the 
conformational changes and phosphorylation of ion channels, which are central effectors of integrated 
electrical activity, into permanent fluorescence signals of organic dyes, thus stamping activated neurons. 
We have developed technology appropriate for creating such ion channel illuminants. Using one-bead-
one-compound (OBOC) combinatorial technology, we have identified genetically encoded short peptides 
(12–16 mers) that bind to and activate fluorophores that under control conditions self-quench in solution. 
Furthermore, we have engineered these genetically encoded small illuminants (GESIs) into the Kv2.1 
channel and other voltage-sensitive proteins and expressed in mammalian cells to identify inserts that 
activate dye fluorescence in a voltage- or phosphorylation-dependent fashion. 

 

A Scalable Solution for Processing High-Resolution Brain Connectomics Data 
Pascucci, Valerio; Angelucci, Alessandra; Federer, Frederick; Venkat, Aniketh; Gyulassy, Attila; 
Petruzza, Steve; Bremer, Peer-Timo 
Poster 123, Session 2 

In this project we support the development and evaluation of a computational infrastructure designed to 
meet the big data challenges for a broad community of neuroscientists, with the ultimate goal of enabling 
study of how primate brains are wired. As sample preparation and microscopy technologies advance, it is 
becoming feasible to acquire imagery of large sections of brain tissue; however, the software 
infrastructures to visualize and analyze such data have not kept pace. To produce connectomes critical in 
understanding brain function, the quantity of imagery that must be analyzed will necessitate effective use 
of high-performance computing (HPC) resources. This project is supporting the development of a 
strategic proof-of-concept demonstration of computational infrastructure to meet these needs. New 
services will enable the efficient use of existing and future parallel computing platforms in support of 
workflows that are typical of neuroscientific discovery, and they will facilitate the scaling of data 
management and processing algorithms to the massive datasets that will be generated in the future. This 
project leverages an interdisciplinary team, including expertise in HPC, visualization, analytics, and 
neuroscience, to build new software tools and evaluate their practical efficiency and usability from an 
application perspective while focusing on real brain data.  
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Mechanisms of TMS via Interleaved TMS/fMRI 
Peterchev, Angel; Oathes, Desmond 
Poster 125, Session 2 

There are too few studies that have evaluated how tools such as transcranial magnetic stimulation (TMS) 
induce functional activation throughout a human brain, especially outside of the motor system. 
Neuromodulation possible by administering trains of repetitive TMS (rTMS) is even more poorly 
understood, since it requires capturing changes in the brain at the root of changes in function. We have 
developed a protocol for assaying circuit communication by single-pulse TMS delivered while recording 
functional MRI to follow brain-wide effects of TMS to various prefrontal cortex targets. We measure 
circuit-specific communication before and after neuromodulatory rTMS to quantify changes resulting 
from these acute brain interventions. With the proposed research, we plan to optimize targeting of two 
brain networks with TMS: inferior frontal gyrus to amygdala and lateral prefrontal to subgenual anterior 
cingulate cortex. By individualizing targeting from each person’s functional MRI mapping, we believe 
that we can optimize our ability to affect the brain and ultimately better understand variability in 
behavioral response to TMS. Our hypotheses include the following: (1) Circuit activation will increase as 
a function of stimulation level. (2) Circuit communication will be modulated as a function of the number 
of rTMS pulses delivered. (3) Finally, to capture a stratified sample of circuit integrity in the targeted 
pathways thought to be disrupted in affective disorders, a sub-sample of the participants (who will 
otherwise be healthy) will be recently diagnosed with major depressive disorder.  

Significance: Our comprehensive assay of brain response to TMS will include TMS probe responses, as 
well as resting fMRI recorded before, during, and after application of neuromodulatory TMS. This 
strategy will yield a significant step forward in understanding how non-invasive brain stimulation affects 
human brain functioning that can be a methodological and theoretical base for tool development and 
novel brain-based therapeutics.  
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Development and Validation of Empirical Models of the Neuronal Population Activity Underlying 
Non-Invasive Human Brain Measurements 
Petridou, Natalia; Winawer, Jonathan; Ramsey, Nick F.; Devinsky, Orrin; Dijkhuizen, Rick; Hermes, 
Dora; Siero, Jeroen 
Poster 127, Session 2 

A major obstacle in the study of human brain function is that we have limited understanding of how the 
measurements made by different instruments, such as fMRI and EEG, relate to one another and to the 
underlying neuronal circuitry. Significant efforts have led to development of models within several 
specialist fields, but fragmentation has limited our capacity to accurately interpret the spatiotemporal 
characteristics of non-invasive imaging signals. In this project, we will develop a set of connecting, 
empirically driven models to predict how sensory stimuli are encoded in neuronal population activity 
underlying electrophysiological measures (Aim 1) and hemodynamic measures (Aim 2). These specific 
models will allow us to formulate a comprehensive integrative model (Aim 3). The integrative model will 
improve our understanding of the information we can obtain from fMRI, the modality with the highest 
potential for mapping detailed functions non-invasively in humans. To achieve this, we will combine 
electrophysiological and hemodynamic measurements at multiple spatial scales in humans. This will 
include non-invasive (fMRI at 3T and 7T, MEG, and EEG) and invasive (optical imaging and ECoG) 
modalities. Models across spatial scales will be constructed and validated with data from the multiple 
modalities and three brain systems (visual, somatosensory, and motor). We will link measurements and 
models to the detailed microscale models available from invasive animal research, by comparing the same 
somatosensory paradigms in humans and in rodents, using high-resolution rodent measurements (9.4T 
fMRI, optical imaging, and intra-cranial electrophysiology). By obtaining multiple modality recordings 
from the same individuals, using the same stimuli and tasks, we will unequivocally link precisely defined 
electrophysiological information to widely used fMRI technology while significantly improving our 
understanding of the electrical and hemodynamic phenomena underlying human brain activity. 
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Cortical Circuit Mechanisms Underlying Sensorimotor Behavior 
Pho, Gerald; Huda, Rafiq; Gunter, Liadan; Wickersham, Ian; Malik, Wasim; Brown, Emery; Sur, 
Mriganka 
Poster 129, Session 2 

A fundamental building block of voluntary behavior is the ability to respond to information from the 
environment with appropriate motor actions. While seemingly simple, this process of transforming 
sensory information into motor commands consists of at least two distinct steps: detecting sensory stimuli 
relevant to behavioral goals in a noisy environment, and selecting appropriate motor actions based on 
those stimuli. While neural substrates of sensorimotor mapping and attention have been widely studied in 
non-human primates, many questions remain due to lack of tools that can selectively probe and 
manipulate neural activity, especially in a projection-specific manner. 

In this project, we developed visual sensorimotor tasks for head-fixed mice to probe the contribution of 
specific cortical regions and projections in attention and sensorimotor mapping. Using optogenetics and 
large-scale calcium imaging during a go/no-go lick-based task, we previously identified the posterior 
parietal cortex (PPC) as an important locus for sensorimotor transformation (Goard et al., 2016). By 
varying task parameters such as attentional engagement, stimulus contrast, and reward contingency, we 
discovered that PPC encodes multiple task variables across heterogeneous cell types in an engagement-
specific manner. We are now developing statistical models to describe how sensory and motor variables 
are combined with network activity to generate PPC responses. 

We have additionally developed a two-alternative sensorimotor task that requires sustained attention. 
Using retrograde tracing, we identified a prefrontal region, the anterior cingulate cortex (ACC), that is 
anatomically poised to contribute to both attentional processing, owing to its top-down projections to 
visual cortex, and sensorimotor transformation, due to its feed-forward projections to superior colliculus. 
Optogenetic inactivation of ACC compromised task performance, and projection-specific inactivation 
revealed dissociable contributions of corticocortical versus corticotectal neurons to attention and 
sensorimotor transformation, respectively. We are now combining retrograde tracers with calcium 
imaging to investigate the physiological signatures of these projection neurons. 
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Multi-Modal Sensory Perception 
Fifer, Matthew; Tenore, Francesco; Pohlmeyer, Eric; Bensmaia, Sliman; Dohopolski, Chris; Helder, 
John; Johannes, Matthew; Katyal, Kapil; Wester, Brock; Flesher, Sharlene; Weiss, Jeffrey; Downey, 
John; Gaunt, Robert; Collinger, Jennifer; Boninger, Michael; Beaty, James; McLoughlin, Michael 
Poster 131, Session 2 

Recent work on the Revolutionizing Prosthetics (RP) program has demonstrated bidirectional cortical 
control of a prosthetic arm (JHU/APL’s Modular Prosthetic Limb, MPL) by a quadriplegic human 
subject. This subject receives intracortical microstimulation (ICMS) that provides cutaneous sensory 
percepts to primary somatosensory cortex while using the MPL to grasp objects. In this RP effort, we 
explored whether ICMS sensory feedback could be modified to relay non-contact environmental 
information to the user. This information could help inform user movements before making direct contact 
with objects. As a preliminary demonstration, the participant was asked to perform one-dimensional and 
two-dimensional search tasks to find infrared targets. A light-emitting diode (LED) array was constructed 
to provide infrared (850 nm wavelength) illumination at every node on the board. An infrared-sensitive 
camera was attached to the MPL palm, and the participant used the MPL to scan the LED array via linear 
or planar movements (fixed camera orientation relative to the array). ICMS intensity for three perceptual 
fields was mapped to detected infrared illumination. Using closed-loop neural control, the subject was 
able to find and dwell over infrared targets in both 1D and 2D trials. Movement trajectories indicated a 
clear strategy where the subject swept the MPL across the workspace until target stimulation was 
detected, with trial failures appearing to be related to the subject’s difficulty in dwelling over a target for a 
sufficient amount of time once it was located. This work demonstrates the ability of prosthetic control to 
incorporate non-traditional, non-contact sensory feedback modalities. Future work will involve providing 
more complex, higher-dimensional sensory feedback to the user and testing the ability of this feedback to 
help the user modify reach trajectories in real time.  
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Invasive Approach to Model Human Cortex-Basal Ganglia Action-Regulating Networks 
Pouratian, Nader; Aron, Adam; Rutishauser, Ueli; Andersen, Richard 
Poster 133, Session 2 

Action regulation and suppression are key parts of everyday behavior. This includes suppressing 
competing actions when initiating a specific action, suppressing all responses when presented with 
conflicting information, and suppressing a response when the environment rapidly changes, indicating a 
pre-planned response must be stopped. We hypothesize that suppression during selection, conflict, and 
stopping involves dissociable fronto-basal ganglia (BG) circuits. We take advantage of deep brain 
stimulation (DBS) surgery for Parkinson’s disease to obtain cortical and BG recordings across three 
action suppression tasks (self-paced movement, Eriksen flanker task, and stop signal). In Aim 1, we aim 
to demonstrate that spatially, temporally, and spectrally dissociable circuits mediate distinct types of 
action suppression, using unit activity and local field potentials (LFPs) recorded from the subthalamic 
nucleus (STN) and globus pallidus internus (GPi) and simultaneously recorded electrocorticography 
(ECoG) from three cortical regions (pre- and primary motor, pre-supplementary motor, and right inferior 
frontal gyrus). In Aim 2, we use invasive brain stimulation to further characterize the separability of these 
fronto-BG circuits. We hypothesize that DBS-induced patterns of impairment/improvement across 
different suppression tasks relate to differences in fronto-BG network recruitment relative to the site of 
stimulation. We will use concurrent fMRI with DBS to evaluate disparate effects of DBS on brain activity 
across tasks. We will also examine how DBS at different STN foci evokes distinct brain networks, using 
fMRI. In Aim 3, we will adapt a dynamic, biologically grounded computational model of action choice to 
add an action suppression function. We will fit this model to the electrophysiological data and evaluate 
several computational theories of action withholding and choice. The impact includes the basic science of 
action regulation and the role of parallel long-range brain networks for action regulation and, ultimately, 
for circuit-specific implants that modulate human action in various disorders. 
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Subthalamic and Corticosubthalamic Coding of Speech Production 
Richardson, Mark; Fiez, Julie; Turner, Rob; Crone, Nathan; Litman, Diane; Crammond, Donald; 
Mitchell, Tom 
Poster 137, Session 2 

Speech production and control is disrupted in a number of neurological diseases that involve the basal 
ganglia. Deep brain stimulation (DBS) of the subthalamic nucleus (STN) produces predictable 
improvements in other motor symptoms of Parkinson’s disease (PD) but does not result in consistent 
improvement in speech and can impair language function. These observations and other accumulating 
evidence indicate an important role for the basal ganglia in speech. However, a major impediment to 
developing treatments for speech deficits in movement disorders and reducing speech-related side effects 
of DBS is the absence of a neurophysiological model for basal ganglia participation in speech production. 
Our overall goals are to determine how motor and linguistic speech information is encoded at multiple 
levels of granularity within the STN-cortical network and to determine the relationship between neural 
activity within the STN-cortical network and the gain of vocal output. Our central hypothesis is that the 
STN contributes at multiple levels to the hierarchical control of speech production. Using a novel 
approach, we will test this hypothesis by simultaneously recording STN units, STN and cortical local 
field potentials (LFPs), and spoken acoustics while PD subjects perform a speech task during DBS 
surgery. To test for encoding at different levels of granularity, we will apply both standard and machine-
learning approaches to explore the extent to which neuronal activity in the STN codes for articulatory and 
linguistic features associated with different levels of representation within the speech production system 
(Aim 1). To test for a role in voice modulation, we will explore the extent to which the STN codes for 
measures of gain, such as volume, pitch, and fluency (Aim 2). Additionally, we will directly assess the 
causal role of STN function in speech production by delivering disruptive stimulation to the STN (Aim 
3).  
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Multiplexed Multiphoton Interrogation of Brain Connectomics 
Ramachandran, Siddharth; Han, Xue; Rishoj, Lars; Mertz, Jerome 
Poster 139, Session 2 

Multiphoton laser scanning microscopy has revolutionized neuroscience, since it is less invasive than 
traditional electrophysiology methods for probing neuronal processes. We propose to improve the 
versatility of multiphoton microscopy by enhancing its multiplexing capacity and its depth penetration. 
To enable non-degenerate multiphoton imaging, we will develop a novel laser design emitting light at 
different colors simultaneously. The excitation wavelengths are chosen to minimize water absorption and 
target fluorescent molecules, such as channelrhodopsins, halorhodopsins, archaerhodopsin, and GCaMPs.  

Our laser’s power and wavelengths enable deep tissue (~2 mm) imaging. Multiplexing will be performed 
by detecting fluorescence from all non-degenerate multiphoton combinations available from our 
multicolor high-energy laser. We will demonstrate the proof of concept of multiplexed deep tissue 
imaging using labeled mouse brain tissue and obtain images of deep structures, such as the thalamus and 
hippocampus, with minimal tissue damage. 

Recent results demonstrated that our fiber laser source is capable of delivering megawatt level peak 
powers at the tissue transparency spectral window of ~1300 nm (duration: 74 fs, energy: 80 nJ). This 
represents a world record in terms of pulse energy directly out of fiber at this wavelength and was 
achieved utilizing a newly demonstrated ultrafast nonlinear process of discrete energy transfer via 
interpulse and intermodal interactions. Our all-fiber source is endoscopy capable, enabling imaging on 
freely moving animals. Our multiphoton microscope has recently become operational and has acquired 3-
photon images of fluorescent nanobeads and post-mortem mouse brain tissue. Continuing tasks include 
(a) scaling pulse peak power; (b) tailoring fiber designs to enable multicolor operation; and (c) deep tissue 
imaging (>2 mm) of post-mortem mouse brain and live mice. 

Success in proposed goals would create new avenues for neuroscience research, such as imaging of large 
heterogeneous neuronal ensembles of transgenic mouse lines that can genetically label distinct neuronal 
populations, or facilitating circuit interrogation experiments involving glutamate uncaging, in freely 
moving animals. 

 

All-Optical Methods for Studying Sequential Motor Behaviors 
Roberts, Todd 
Poster 141, Session 2 

The execution of learned sequential motor behaviors, like those involved in playing a well-learned tune 
on the piano, are thought to be supported by precise sequences of neuronal activity in the brain. However, 
probing the ties between sequential neuronal activity, neuronal connectivity, and behavior is challenging 
without methods for simultaneously observing and controlling neuronal activity with spatial and temporal 
precision. We propose to apply all-optical physiological methods, combining concurrent optogenetic 
manipulation and population calcium imaging, to map the functional organization of circuits involved in a 
well-studied sequential motor behavior. This research will involve dissemination of cutting-edge optical 
methods central to the BRAIN Initiative and facilitate a better understanding of how patterns of neuronal 
activity underlying precise complex behaviors are generated in the brain. 
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Wide Deployment of Massively Multiplexed Nanosystems for Brain Activity Mapping 
Roukes, Michael; Shepard, Kenneth 
Poster 143, Session 2 

Brain functions such as perception, motor control, learning, and memory arise from the coordinated 
activation of neuronal assemblies distributed across multiple brain regions. While major progress has 
been made in understanding the response of individual cells, circuit interactions remain poorly 
understood. A fundamental obstacle to understanding these interactions has been the difficulty of 
observing and manipulating the activity of large distributed populations of neurons in freely behaving 
animals. Our present systems are simply too sparse and, often, too invasive. Electrophysiology has been 
the gold standard for monitoring brain activity, and previous research highlights the critical requirements 
for the next generation of neural probes. First, achieving dense spacing of recording sites is necessary for 
high-quality isolation of single-neuron activity through triangulation. Second, patterning scalable arrays 
with many thousands of recording sites is needed to cover multiple brain areas with high resolution. 
Three-dimensional arrangements of densely spaced sites will enable reliable current source density 
analysis and will bring us closer to a mechanistic understanding of the flow of activity in brain circuits. 
Third, combining recording with highly localized patterned stimulation is needed to achieve high-
resolution spatiotemporal interrogation of neural activity. Together, achieving these goals will engender 
the next generation of high-resolution, closed-loop brain machine interfaces. Fourth, realizing minimally 
invasive probes is critical for maximizing the quality and stability of long-term chronic recordings. Fifth, 
to understand brain circuit function, it is imperative to go beyond measurements of spikes alone; multi-
physical measurements are essential to identify circuit “states.” We are pursuing a well-defined path that 
satisfies these requirements via our validated paradigm of implantable silicon nanoprobes for 
electrophysiology, local neuromodulator sensing, and local optogenetics. It permits their production en 
masse and facilitates the wide-scale deployment of complete next-gen systems to the neuroscience 
community that will be pursued in this effort.  
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Studying the Mechanisms of Ultrasonic Neuromodulation In Vitro and In Vivo 
Sato, Tomokazu; Yoo, Sangjin; Shapiro, Mikhail G.; Tsao, Doris Y. 
Poster 145, Session 2 

Non-invasive ultrasonic neuromodulation, the precise control of neuronal activity using ultrasound, 
represents an emerging and promising technology to understand the role of specific brain circuits in living 
animals and to treat brain pathologies such as anxiety disorders. However, despite a growing number of 
studies, this technique presently fails to produce predictable and consistent neuromodulatory responses. 
This pitfall likely arises from our lack of understanding of the underlying cellular and molecular 
mechanisms. The aim of our project is to study these mechanisms in vitro and in vivo. 

Work in the Shapiro lab focuses on studying ultrasound effects in vitro. Ultrasound was applied to 
primary cortical neurons, while neural activity was imaged using calcium reporters. In the cultured model, 
amplitude of evoked responses increased with stimulation intensity up to 15 W/cm2 (ISPPA), while 
latency decreased. Response probability increased up to 90% using a continuous wave of 500 ms. 
Responses to ultrasound were TTX-sensitive and could be evoked in the absence of temperature increases 
or cavitation in the media. These results support the hypothesis that the mechanical force of ultrasound 
activates ion channels and establish a platform for careful dissection of these molecular mechanisms. 

Work in the Tsao lab focuses on in vivo imaging of cortical activity in response to ultrasound, using 
transgenic mice expressing calcium reporters. Recently, a surprising discovery was made with regard to 
the brain regions most strongly activated by ultrasound. The target sonication region, as determined by a 
hydrophone, often demonstrated significantly lower responses than the auditory and somatosensory 
cortices. Both ultrasound and audible sounds could elicit motor responses consistent with a startle reflex. 
Chemical deafening reduced responses to ultrasound under certain conditions. These results suggest that 
some of the brain activation seen with ultrasound could be mediated through auditory pathways in 
addition to potential direct effects in targeted brain regions.  
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High-Speed Optical Recording of Neural Spikes and Voltage Dynamics in Awake Mice and Flies 
Gong, Yiyang; Chavarha, Mariya; Marshall, Jesse; Dimov, Ivan; Huang, Cheng; Pradhan, Lagnajeet; 
Li, Jin Zhong; Yang, Helen; Grewe, Benjamin F.; St. Pierre, Francois; Zhang, Yanping; Eismann, 
Stephan; Clandinin, Thomas R.; Lin, Michael Z.; Schnitzer, Mark J. 
Poster 147, Session 2 

Genetically encoded voltage indicators (GEVIs) are a promising technology for fluorescence readout of 
millisecond-scale neuronal dynamics. Prior GEVIs had insufficient signaling speed and dynamic range to 
resolve action potentials in live animals. To enable optical detection of electrical activity in defined 
neuronal types, we are improving GEVIs based on both classical voltage-sensing domains and opsins. 

We coupled fast voltage-sensing domains from a rhodopsin protein to bright fluorophores via resonance 
energy transfer. The resulting GEVIs are sufficiently bright and fast to report neuronal action potentials 
and membrane voltage dynamics in awake mice and flies, resolving fast spike trains with 0.2 ms timing 
precision at spike detection error rates orders of magnitude better than prior GEVIs. In vivo imaging 
revealed sensory-evoked responses, including somatic spiking, dendritic dynamics, and intracellular 
voltage propagation. These results empower in vivo optical studies of neuronal electrophysiology and 
coding and motivate further advancements in high-speed microscopy. 

We have also employed hypothesis-driven targeted mutagenesis and a high-throughput screening system 
to improve our previously described ASAP1 reporter, in which fluorescence of GFP is modulated by 
voltage via a classical voltage-sensing domain. A second-generation reporter, ASAP2f, reported 
subcellular voltage changes in fly visual system neurons under two-photon excitation in response to 
physiological stimuli, revealing different relationships between voltage and calcium in different axonal 
regions. A recent third-generation reporter, ASAP3, further improved responsiveness, brightness, and 
photostability while maintaining the rapid kinetics of ASAP1 and ASAP3, which together should improve 
detection of single action potentials in fast two-photon microscopy.  
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An Optical-Genetic Toolbox for Reading and Writing Neural Population Codes in Functional Maps 
Seidemann, Eyal; Geisler, Wilson; Nauhaus, Ian; Zemelman, Boris 
Poster 149, Session 2 

Advanced optical methods for reading and writing neural population codes in behaving animals using 
genetically encoded reporters and actuators have become powerful tools for studying neural circuits in 
rodents. However, rodents are a suboptimal model for human perception, because of their vastly different 
sensory representations and perceptual capabilities. For example, rodents’ primary visual cortex (V1) 
lacks the functional columnar organization that is a hallmark of primate vision. In contrast to rodents, the 
macaque monkeys’ visual representations and perceptual capabilities are highly similar to those of 
humans. Furthermore, the columnar organization of macaque cortex provides a unique opportunity to 
develop and test tools for reading and writing neural codes at the level of functional domains such as the 
orientation columns in V1. However, multiple technical hurdles remain before the optical-genetic 
methods currently available in rodents can be readily applied to macaques. 

The goal of our project is to develop optical techniques that utilize virally delivered transgenes for 
monitoring and manipulating neural population codes in behaving macaques. Specifically, we address 
three technical goals. First, we develop and adapt to macaques genetic methods that will provide long-
term expression of transgenes with cell-type and activity-dependent specificity. Second, we develop a 
system for two-photon imaging in behaving macaques that will allow one to monitor genetically encoded 
indicator signals with cellular resolution and complement current imaging techniques with larger spatial 
coverage but lower spatial resolution. Finally, we develop methods for writing neural population codes 
onto functional maps by combining patterned light stimulation (that targets specific functional domains 
such as columns) and domain-specific expression of actuators. We will describe our recent progress along 
these three aims. Our ultimate goal is to validate and optimize these techniques by linking V1 population 
responses at multiple spatial scales (elicited by both visual and optogenetic stimulation) and monkeys’ 
behavior in visual discrimination tasks. 

 

Molecular Functional Ultrasound 
Shapiro, Mikhail; Andersen, Richard; Tanter, Mickaël 
Poster 151, Session 2 

Recently, functional ultrasound (fUS) was introduced as a revolutionary technique that can image neural 
activity noninvasively with more than an order of magnitude improved spatiotemporal resolution 
compared to fMRI (<100 µm and <10 ms), using transducers that can be mounted on freely moving 
animals. In rodents, fUS has been used to image activity patterns associated with epileptic seizures, 
whisker stimulation, olfactory perception, and resting-state connectivity, and studies are under way to 
demonstrate the use of fUS in larger animals and pediatric patients. In its present form, fUS tracks 
changes in blood flow arising from neurovascular coupling. While this already provides unprecedented 
brain imaging performance, it is limited by the relatively low strength of intrinsic hemodynamic signals 
and the lack of reporters to connect ultrasound more directly to neural activity. Here we propose to take 
the next major leap in ultrasonic functional imaging of the brain by developing biomolecular imaging 
agents that enhance fUS signals by more than two orders of magnitude and enable direct imaging of 
activity-dependent gene expression and calcium signaling in genetically targeted neurons. As part of this 
work, we will also demonstrate the ability of fUS to image brain activity in non-human primates in 
combination with electrical recording and pharmacological modulation.  
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Diagnosis of Alzheimer’s Disease Using Dynamic High-Order Brain Networks 
Shen, Dinggang; Yap, Pew-Thian 
Poster 153, Session 2 

Alzheimer’s disease (AD) is the most common form of dementia, with no known disease-modifying 
treatment. Current clinical diagnosis of the disease is based primarily on neuropsychological and 
neurobehavioral assessments, which are subjective and highly variable. Neuroimaging markers are 
objective indicators of preclinical disease states and are useful for developing new treatments and 
monitoring their effectiveness. Since neurological degeneration occurs long before the clinical symptoms 
occur, additional diagnostic information during the prodromal phase of AD—i.e., mild cognitive 
impairment (MCI)—is of paramount importance for effective treatment. 

The goal of our work is to develop a machine-learning diagnostic framework based on resting-state 
functional MRI (R-fMRI) for accurate AD diagnosis at the individual level, so as to promote early 
detection for possible treatment and prophylaxis. First, we will describe how temporal dynamics of 
functional connectivity can be harnessed to provide additional information for accurate identification of 
individuals who are at risk for AD. This deviates from most existing methods that assume temporal 
stationarity and are therefore unable to take advantage of temporally evolving connectivity information 
for more fine-grained characterization of rapidly changing brain states. Second, we will describe how 
high-order information can be extracted from functional networks, beyond the commonly used region-
pair correlation, for characterizing functional synchronization of the interactions of multiple pairs of 
regions. This overcomes the over-simplistic pairwise-interaction assumptions of existing methods and 
thus allows greater capacity in modeling complex brain circuitry. Finally, we will demonstrate how 
complementary information across imaging modalities—i.e., functional and structural MRI—can be fused 
for mutual reinforcement in improving diagnostic accuracy. 

The resulting comprehensive, integrated, and effective diagnosis framework will be conducive to 
improving the early detection of not only MCI/AD but also other neurological disorders, including 
schizophrenia, autism, and multiple sclerosis.  
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Learning Spatiotemporal Statistics from the Environment in Recurrent Networks 
Shouval, Harel; Brunel, Nicolas 
Poster 155, Session 2 

Learning new tasks and exposure to new environments lead to changes in the dynamics of brain circuits, 
as observed in various recent experiments. The ability to embed the statistics of the environment within 
brain circuits is essential for animals’ ability to thrive and survive in changing environments. However, 
the mechanisms by which circuit dynamics are implemented and learned are not well understood and pose 
significant theoretical challenges. 

Recent work in both theoretical and experimental labs has highlighted the importance of circuit dynamics. 
Yet in most theoretical models, the network connectivity either is not plastic or obeys biologically 
implausible learning rules. Our overarching goal is to develop a theory of how brain circuits can learn 
their dynamics from the statistics of the environment. We will anchor this work in a set of experiments in 
order to make it biologically realistic and limited in scope. We are currently concentrating on several 
concrete projects that are part of this plan. In one project, we are trying to understand how networks can 
learn stimulus-reward spatiotemporal statistics. This project is motivated by circuit-level experiments that 
show how neuronal dynamics change due to a stimulus followed by a delayed reward and by cellular 
experiments that shed light on the mechanisms of reinforcement learning. Another project is motivated by 
experiments in which cortical and hippocampal circuits learn the order, but not the timing, of a 
spatiotemporal sequence. In such networks, the timing of the learned sequence is determined by intrinsic 
network dynamics, making this problem simpler than learning both the order and the timing of a 
sequence. 

Both of these initial projects will lead us to our goal of developing biologically plausible networks and 
learning rules that can learn both the order and the timing of a spatiotemporal sequence. 
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Identification of Enhancers Whose Activity Defines Types of Cortical Interneurons 
Sohal, Vikaas; Rubin, Anna; Cunniff, Margaret; Athilingam, Jegath; Meda, Karuna; Rubenstein, John 
Poster 157, Session 2 

Diverse populations of cortical GABAergic interneurons mediate unique and important functions, and 
their dysfunction has been implicated in many neurodevelopmental disorders. Identifying and 
manipulating interneuron subtypes is crucial for describing their normal development and function and 
treating interneuron pathologies. Current methods for labeling interneuron subtypes rely predominantly 
on patterns of RNA and protein expression. However, recent studies have demonstrated that gene 
regulatory elements, such as enhancers, also have highly specific spatial and temporal activity patterns 
that may be useful for labeling cell types. 

We aim to systematically identify previously unknown enhancer elements in the mouse genome that are 
active within postnatal cortical interneurons. Our genome-wide approach employs ChIP-seq for histone 
modifications associated with active enhancers (e.g., H3K27ac) in FACS-purified interneurons from 
Gad67-GFP mice. Using this method, we have identified ~2,500 putative interneuron enhancers. We have 
chosen candidate enhancers for further study based on location near genes with interneuron expression 
and are validating a number of these using lentiviral transduction with enhancer-reporter constructs. All 
of the enhancers tested to date drive expression of GFP and Cre in transduced interneuron progenitors that 
were transplanted into wild-type neonatal host cortex and allowed to mature. We are also using direct 
injection of the enhancer-GFP viruses into the mPFC followed by whole-cell patch clamping to determine 
the electrophysiological properties of enhancer-labeled populations. For example, a putative enhancer 
near Arl4d labels interneurons with a stereotypical spiking pattern characterized by narrow action 
potentials and rapid entry into depolarization block. 

Identifying enhancers active in specific subsets of interneurons will allow us to dissect their specific 
functions and drive subtype-specific gene expression. Furthermore, genome-wide identification of 
interneuron-specific enhancers will serve as a framework for understanding the implications of 
susceptibility mutations for human neurological disorders that map to non-coding regions of the genome.  
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Large-Scale, Simultaneous Intracellular Recording and Stimulation of Neural Activity 
Spira, Micha E. 
Poster 159, Session 2 

The goal of the project is to develop a new generation of multi-electrode array (MEA) platforms that 
enable long-term, large-scale, simultaneous, intracellular recordings and stimulation of synaptic and 
action potentials (APs) from dozens to hundreds of individual neurons, in freely behaving rodents.  

The project is based on a series of proof-of-concept studies in which we fabricated 3D microelectrode 
arrays that mimic the geometry and dimensions of dendritic spines (gold mushroom-shaped 
microelectrodes, gMµE). First, we demonstrated that cultured Aplysia neurons actively engulf individual 
gMµE. The tight physical contact formed between a neuron and an engulfed gMµE significantly increases 
the seal resistance, producing large-amplitude signals. We then found that the electrical conductance of 
the membrane patch facing the gMµE increases, probably by recruitment of voltage-independent ion 
channels in response to the gMµE curvature. The neuron/gMµE configuration formed in this way results 
in extracellular recording of APs and subthreshold synaptic potentials with intracellular features 
equivalent to those obtained by perforated patch electrodes and can be used for efficient stimulation as 
well. To differentiate the intracellular-like recordings obtained by the extracellular gMµE from genuine 
intracellular recordings by sharp or patch electrodes, we refer to them as IN-CELL recordings. 

Recently, we found that gMµE-MEA functionalized by conventional poly-ethylene-imine/laminin is 
sufficient to promote self-assembly processes that lead to the formation of a neuron/gMµE loose patch 
(juxtacellular) configuration. The engulfment of the gMµE by cultured rat hippocampal neurons enables 
high-quality juxtacellular recordings of monophasic positive APs (with amplitudes of up to 5 mV) from 
many cultured neurons simultaneously. Occasionally, IN-CELL recordings are also observed. 
Pharmacological experiments suggest that synaptic potentials are also monitored by gMµEs. 

The prospects of achieving IN-CELL recording configuration in awake, behaving rodents in order to link 
neural activity and behavior will be discussed.  
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Dynamic Changes in Brain Network Activation During Emotional Face Processing in the 
Developing Brain 
Stamoulis, Catherine; Dinardo, Perry; Westerlund, Alissa; Nelson, Charles 
Poster 161, Session 2 

Despite its impact on cognitive function across the lifespan, the development of functional brain networks 
in the infant brain is poorly understood, particularly in the first few years of life, when the brain 
undergoes profound structural and functional changes. It is also unclear whether networks involved in 
functions that are important for survival, such as “reading” emotional faces and navigating the social 
world, develop at different rates than networks involved in complex behaviors and cognitive skills 
acquired later in life. Electrical brain activity was measured from 390 typically developing infants in the 
first year of life (5, 7, or 12 months), with the goal of investigating changes in the organization of brain 
networks that respond to emotionally salient faces (happy, angry, or fearful faces). A significant increase 
in network connectivity (the pattern in which brain areas are activated in a coordinated fashion) in 
response to fearful faces (compared to happy and angry faces) was estimated across ages, which suggests 
that the mechanisms underlying coordinated brain activation in response to fear may be in place at birth 
or the first few months of life. Differential connectivity patterns were also estimated in frequency-specific 
networks, including higher connectivity in frontal brain regions at higher frequencies (30–80 Hz) and 
higher connectivity in parietal and occipital regions in frequencies 8–13 Hz. In regard to developmental 
changes, a significant decrease in the number of brain connections was estimated from 5 to 12 months, 
suggesting that the brain undergoes substantial reorganization during this critical period to improve the 
efficiency of information processing. These findings indicate that differential network activation in 
response to fearful faces occurs as early as 5 months and persists with increasing age, despite additional 
topological changes in the overall organization of the brain. 

 

Remote Regulation of Neural Activity 
Stanley, Sarah; Bayne, Mitchell 
Poster 163, Session 2 

This work describes a system for bidirectional, wireless regulation of neural activity in vivo. We use a 
combination of a modified multimodal ion channel and a ferritin fusion protein to generate intracellular 
nanoparticles with alternating or static magnetic fields to activate or inhibit neurons. We have validated 
these tools in vitro using imaging and electrophysiology to demonstrate rapid, controllable neural 
activation and inhibition. We have used these tools in vivo to modulate genetically targeted local 
populations or anatomically targeted, dispersed hypothalamic populations. These studies validate the use 
of our system for rapid, remote neuromodulation in freely moving animals without the need for an 
implant.  
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Integrated Multimodal Chemical Analysis of Well-Defined Brain Regions and Selected Cells 
Sweedler, Jonathan V.; Comi, Troy J.; Neumann, Elizabeth K.; Deb, Sanghamitra; Spegazzini, Nicolas; 
Kaufman, Collin; Mitchell, Jennifer W.; Tiwari, Saumya; Rubakhin, Stanislav S.; Bhargava, Rohit; 
Gillette, Martha U. 
Poster 165, Session 2 

Chemical and functional heterogeneities of brain structures and individual cells are often intertwined 
parameters. Exploration of cell-cell chemical heterogeneity is important for characterization and 
prediction of normal and pathological functional states and physiological dynamics. Recent progress in 
the development and application of chemical characterization approaches leads to improved coverage of 
the spatio-chemical complexity of the brain structures. We extend the ability to characterize the chemical 
contents of cells and brain structures by hyphenating mass spectrometry (MS), Fourier transform infrared 
spectroscopy (FTIR) imaging, and stimulated Raman scattering (SRS) microscopy, using the rat 
hippocampus and suprachiasmatic nucleus (SCN) as models. The technologies are complementary, label-
free, and multiplexed, allowing detection of tens to hundreds of individual analytes and functional groups 
from dispersed cells and tissue slices, with up to sub-micron spatial resolution and zeptomole detection 
limits.  

We have successfully interfaced these measurements to work on the same samples with rat brain slices 
and single brain cells. Both FTIR and SRS imaging revealed diverse spatial distributions of lipids and 
proteins. Chemical images were enhanced with highly detailed MS profiling of brain slices performed 
with MS imaging and individual cells analyzed using high-throughput single-cell MS. A number of 
metabolite signals, including physiologically important lipid species, were observed. Identities of many 
detected signals were determined using ultrahigh mass resolution FT-MS and FT-MS/MS measurements.  

Significant attention was devoted to development and application of computational methods to allow data 
co-registration, correlation, and statistical analysis. Our postprocessing steps allow chemical image tile 
stitching and removal of artifacts, as well as registration of complementary analytical methods. Different 
methods of multivariate analysis, such as PCA and t-SNE, were successfully adopted for multimodal data 
analysis.  
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Imaging Serotonin Neuromodulation with a Genetically Encoded Fluorescent Indicator 
Unger, Elizabeth; Liang, Ruqiang; Marvin, Jonathan; Bordern, P.; YarovYarovy, Vladimir; Looger, 
Loren; Tian, Lin 
Poster 167, Session 2 

Serotonin is a neuromodulator important for mood, sleep, and appetite, and its dysregulation has been 
implicated in diseases such as depression. To understand how serotonin mediates long-lasting changes in 
neuronal function and structure, we need to understand the complex patterns of serotonin release in 
response to neural activity with synaptic resolutions. Genetically encoded sensors combined with 
advanced optics are best suited to assess spatiotemporal distribution of neuromodulators. However, no 
fluorescent sensors currently exist for visualizing serotonin. To develop a high-quality optical sensor for 
serotonin, we fuse a bacterial periplasmic binding protein (PBP) with circularly permuted GFP such that 
fluorescence is conditional upon the presence of serotonin. Unfortunately, no naturally occurring PBP 
binds to serotonin. Therefore it is necessary to redesign the binding pocket of an existing PBP to change 
its specificity. By using a combination of computational modeling, directed evolution, medium-
throughput screening, and statistical evaluation, we have engineered a few candidates to be sensitive to 
serotonin, with dynamic ranges of 4.7 in purified proteins. We further demonstrate the utility of these 
sensors in mammalian 293 cells and neuronal culture and in vivo in zebrafish and mice. This will 
undoubtedly be an invaluable tool for a wide variety of applications, including elucidating the mode of 
action of selective serotonin reuptake inhibitors, which are commonly prescribed for depression. In 
addition, our methods for sensor design can easily be applied to a range of other small molecules and 
have proven fruitful in the production of fluorescent sensors for other neuromodulators, including 
dopamine and norepinephrine. 

 

Genetically Encoded Localization Modules for Targeting Activity Probes to Specific Subcellular 
Sites in Brain Neurons 
Koide, Shohei; Plückthun, Andreas; Pieribone, Vincent; Tian, Lin; Trimmer, James 
Poster 169, Session 2 

Developing enhanced methods for reporting and manipulating brain activity is a major focus of the 
BRAIN Initiative. A major aspect of these efforts is aimed at developing genetically encoded probes for 
large-scale sensing and/or manipulation of neural activity in vivo. Major advances have been made in 
developing probes with enhanced intrinsic properties as to their efficacy of reporting and/or manipulating 
neural activity. However, the utility of these probes in vivo has been limited to a certain extent by an 
inability to direct their localization to specific subcellular sites in brain neurons. We have initiated 
development of a pipeline of genetically encoded localization modules (GELMs) that, when fused to 
activity reporters and modulators (ARMs), will lead to the localization and concentration of the resulting 
fusion proteins at specific subcellular sites in neurons. This will yield enhanced signal-to-noise ratio at 
any specific site and will allow researchers and clinicians to more effectively report and/or modulate 
neuronal activity. The novel high-throughput pipeline for GELM development is based on a convergence 
of powerful new methods. The first is advances in developing high-affinity, specific binders for neuronal 
target proteins in a format that can be used as intrabodies within neurons. These will be developed into 
intrabody-based GELMs (I-GELMs). The pipeline also takes advantage of emerging data on targeting 
motifs present in otherwise highly related proteins that exhibit highly specific yet distinct subcellular 
localizations in brain neurons, and that affords an opportunity to develop targeting motif-based GELMs 
(T-GELMs) based on these motifs. We take advantage of high-throughput systems for evaluating the 
expression, localization, and function of GELM-ARM fusions in brain neurons. Lastly, we will make 
GELMs and GELM-ARM fusions widely available through open-source plasmid repositories. 
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NeuroData: Enabling Terascale Neuroscience for Everyone 
Vogelstein, Joshua T.; Priebe, Carey E.; Perlman, Eric; Bock, Davi; Deisseroth, Karl; Gray Roncal, 
Will; Lilanay, Kunal; Baden, Alex; Kiar, Greg; Patsolic, Jesse; Burns, Randal 
Poster 175, Session 2 

Recent technical progress allows neuro-experimentalists to collect ever more detailed and informative 
anatomical and physiological data from brains of all sizes and species. These datasets span experimentally 
accessible spatiotemporal scales, ranging from nanometer to meter and millisecond to monthly sampling 
rates. In classical neuroscientific experimental paradigms, it was feasible for neuroscientists to draw their 
results on paper. In contrast, many modern neuroscientific experimental paradigms break the classic data 
analysis workflow. In particular, these large datasets create significant challenges for our community at 
every step of the data analysis pipeline, including storing, exploring, analyzing, and modeling the data. 
NeuroData has been developed to lower the barrier to entry into big data neuroscience. We have designed 
and built a comprehensive ecosystem toward enabling petascale neuroscience. We demonstrate the utility 
of these tools via a serial electron microscopy and CLARITY study. All of our code and data are available 
online at http://neurodata.io. 

 

Magnetic Particle Imaging (MPI) for Functional Brain Imaging in Humans 
Wald, Lawrence; Conolly, Steven; Griswold, Mark; Cooley, Clarissa; Mason, Erica 
Poster 177, Session 2 

In this planning grant, we evaluate a pathway for magnetic particle imaging (MPI) to replace MRI as the 
next-generation functional brain imaging tool for human neuroscience. Initial sensitivity estimates of 
MPI’s ability to detect blood iron levels, and thus cerebral blood volume changes during activation, by 
directly detecting iron oxide nanoparticles in the blood suggest as much as a 100-fold increase in 
sensitivity to activation compared to fMRI. To achieve this level of sensitivity, we must identify a path 
through a host of technical problems. We employ simulation studies to identify, characterize, and test 
solutions for these technical obstacles and validate solutions by bench testing specific subsections of the 
imager. Finally, we simulate the overall performance of the planned device to validate its hypothesized 
benefit for human functional brain imaging. 

 

Multiscale Photoacoustic Tomography of Neural Activities with GCaMP Calcium Indicators 
Zhang, Ruiying; Rao, Bin; Rong, Haoyang; Li, Lei; Sun, Min-Yu; Yao, Junjie; Chen, Ruimin; Zhou, Qifa; 
Mennerick, Steven; Raman, Baranidharan; Wang, Lihong 
Poster 179, Session 2 

Optical imaging of responses in fluorescently labeled neurons has progressed significantly in recent years. 
However, there is still a need to monitor neural activities at divergent spatial scales and at depths beyond 
the optical diffusion limit. Here we provide the first unambiguous demonstration that multiscale 
photoacoustic tomography (PAT) can be used to record neural activities in transgenic flies and mice with 
select neurons expressing genetically encoded calcium indicator GCaMP. First, using photoacoustic 
microscopy, we show that depth-resolved GCaMP signals can be monitored in vivo from a fly brain in 
response to odor stimulation, without depth scanning and even with the cuticle intact. Next, using 
photoacoustic computed tomography, we imaged neural responses of a mouse brain slice at depths 
beyond the optical diffusion limit. In sum, our results indicate that the combination of multiscale PAT and 
fluorescent neural activity indicators provides a novel methodology for imaging targeted neurons at 
various scales.  

http://neurodata.io/
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Neural Decoding Using Markov Decision Processes 
Dantas, Henrique; Mathews, V. John; Warren, David J. 
Poster 181, Session 2 

There are nearly two million limb amputees living in the United States of America. Loss of limbs results 
in profound changes in one’s life. However, the underlying neural circuitry and much of the ability to 
sense and control movements of the missing limb are retained even after limb loss. This means that the 
amputee has the ability to control artificial limbs in a similar way to how the limb was controlled before 
the loss. The goal of this research is to develop technologies for creating prosthetic arms that behave and 
feel like natural limbs. Specifically, we apply machine learning techniques to develop precise neural 
decoders and prosthetic controllers. 

To achieve this goal, this work employs Markov decision processes (MDP) for decoding intent from 
neural signals, where the stochastic nature of the problem is incorporated. Furthermore, the neural 
decoder is parameterized using an artificial neural network. The system is trained using a modification of 
the Dataset Aggregation (DAgger) algorithm. By augmenting the training set each iteration using 
DAgger, our approach allows the learning process to correct mistakes made in previous iterations. 
Furthermore, if the system deviates from the desired trajectory, it will attempt to get back to the trajectory 
by considering the errors that have accumulated in the augmented training set. 

We have tested the above framework for neural decoding using electrocorticographic (ECoG) and 
electromyographic (EMG) signals to interpret intent and control prosthetic arms using data from clinical 
trials. The results presented here suggest that the approach performs better than the state of the art. We are 
in the process of expanding this work for spike firing rate of peripheral neural signals (PNS). A number of 
additional approaches, including other parametric decoders such as those employing convolutional neural 
networks as well as Kalman filters and their variations, are also being explored at this time. 

 

Conserved Enhancer Screen for Patterned Gene Expression Following Systemic AAV Delivery 
Williams, Philip; Li, Yi; Wang, Chen; Wang, Fan; Feng, Guoping; He, Zhigang 
Poster 187, Session 2 

The technology to generate transgenic animals that can label and manipulate specific populations of cells 
has led to fundamental advances in our understanding of how the central nervous system functions. 
Although an impressive toolbox has been generated through combined global efforts over more than a 
decade, for the most part, the production and validation of transgenic organisms still remains time-
consuming and expensive. Furthermore, transgenic production has been streamlined for only a small 
number of model organisms, making such experiments much less feasible in non-mouse mammalian 
species. Our research uses near-systemic delivery of AAVPHP.B to drive transgene expression, using 
ultra-conserved enhancer elements with the aim of identifying enhancer elements that restrict gene 
expression to certain brain regions or specific cell populations. Thus far, we have screened nearly 50 
enhancer elements driving GFP expression and have found some that are restricted to specific brain 
regions or specific cell types. We are now beginning to test constructs identified in mice on marmosets to 
confirm the cross-species viability of this approach. Additionally, we plan to examine the effects of 
different minimal promoters on enhancer-driven expression and optimize these vectors for manipulating 
activity, while also expanding our screen over more enhancer elements.  
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Nanodevice-Mediated Functional MRI 
Wong, Eric; Cauwenberghs, Gert; Dayeh, Shadi; Liu, Thomas 
Poster 189, Session 2 

In this project, we are exploring the use of nanodevices in conjunction with MRI to combine the temporal 
resolution of electrical detection with the spatial resolution and whole-brain coverage of MRI. 

In our approach, large numbers of small devices on the scale of 4–500 μm will be distributed across the 
brain, either via the CSF space or through vasculature, and used to sense the local neural activity through 
electrical detection. These devices will then actively perturb their local magnetic environment in 
proportion to the measured activity, in a manner that is both detectable and localizable through MR 
imaging. 

Two central novel concepts in this proposal are (1) that nanodevices may be used to detect local signals 
and output only local perturbations, rather than communicate directly with external receivers and (2) that 
MRI may be an efficient means of both transducing these local perturbations and providing spatial 
localization. 

In the long term, we believe this approach may be scalable to millions of devices circulating in the blood, 
providing volumetric detection of electrical activity throughout the brain. As an intermediate goal, we aim 
to record neural activity at sub-millimeter scale and 10 ms resolution from the entire cortical surface, 
providing a measure of electrical activity at every cortical column simultaneously. 

Our specific aims are: 

1. Evaluate candidate operational modes and key design features for proposed devices, including methods 
for signal detection and coding, RF vs. pulsed DC field generation, and methods for power delivery and 
management. 

2. Build and test a small number of initial prototypes and experimentally test our basic concepts for signal 
detection, transduction, and localization.  
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Optogenetic Tools for Light-Induced Local Translation 
Wu, Jiahui; Jaffrey, Samie 
Poster 191, Session 2 

The proteins in synapses are the fundamental regulators of synaptic plasticity, which ultimately controls 
the neural circuits that underlie behavior. A major advance in our understanding of how synaptic 
connectivity is linked to animal behavior comes from transcranial two-photon imaging of dendritic spines 
in living animals. However, despite the advances made by two-photon microscopy, most experiments 
have been observational. Researchers lack the ability to directly manipulate the protein content at specific 
synapses and spines, hindering their efforts to decipher the roles of synaptic proteins in learning, memory, 
behavior, and disease. Here, we describe our current progress on developing a novel optogenetic method 
to use two-photon irradiation to control protein synthesis in a spine-specific manner. This method is 
called LIPS: light-induced protein synthesis. LIPS utilizes a “light-responsive” mRNA encoding a protein 
of interest. This mRNA is designed so that it is not translated under normal conditions. However, upon 
two-photon irradiation of a dendrite or spine, a light-activated protein is recruited to the 5’ UTR of the 
mRNA, resulting in localized translation. Thus, LIPS will allow protein synthesis to be achieved with 
unprecedented spatial and temporal resolution in the brains of live animals. In order to develop this 
optogenetic technology, we will first generate and optimize RNA aptamers that recruit a light-activated 
form of a light-sensitive protein called AsLOV2. These experiments will result in the generation of the 
first light-regulated RNA–protein interactions. Then we will optimize LIPS in cortical neurons. To make 
light-regulated mRNAs, we will incorporate these aptamers into specific mRNAs. We will then optimize 
a two-photon irradiation protocol for controlling protein synthesis in dendrites and spines in live animals. 
We envision that LIPS will transform two photon studies by enabling researchers to control the protein 
composition of spines and dendrites and monitor the effects of specific proteins on animal behavior. 

 

BRAIN-EAGER: New Tools for Real-Time and Molecular Imaging of Synapses 
Xu, X. Nancy; Cherukuri, Pavan; Phan, S.; Songkiatisak, Pam; Poudel, A. 
Poster 193, Session 2 

Synapses enable neurons to communicate complex and specific commands with each other by passing 
specific electrical or chemical signals to another cell. Each synapse contains extensive arrays of molecular 
machinery that links the membranes of the coupled partner neurons, an array of neurotransmitters, and 
their receptors. Current technologies are unable to real-time detect, image, and study these wide ranges of 
molecular machinery and multiple types of neurotransmitters simultaneously with sufficient spatial and 
temporal resolutions and for an extended period of time. We have been developing a novel imaging 
platform, including next-generation multicolored far-field photostable optical nanoscopy (PHOTON) with 
photostable multicolored single-molecule nanoparticle optical biosensors (SMNOBS), to quantitatively 
image and molecularly characterize roles and functions of multiple types of molecules (neurotransmitters, 
receptors) at individual live synapses in real time at nanometer (nm) resolution. The detailed experimental 
design and updated results will be presented.  
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Optogenetic Signaling Inhibitors for Studying Brain Plasticity 
Yasuda, Ryohei; Gan, Wenbiao; Shin, Myung; Murakoshi, Hideji 
Poster 195, Session 2 

Synaptic plasticity is thought to be a basis of learning and memory of the brain. Signaling mechanisms 
underlying synaptic and behavioral plasticity have been extensively studied with the aid of 
pharmacological and genetic manipulation of signaling. However, it has been difficult to assess the 
spatiotemporal aspects of signaling activity in particular. We aim to develop a new technique based on 
genetically encoded light-inducible kinase inhibitors to resolve the spatiotemporal dynamics of signaling 
required for synaptic and behavioral plasticity in vivo. We designed photo-inducible kinase inhibitors by 
fusing LOV2-Ja domain of phototropin with a protein inhibitor peptide. Our data using a photo-inducible 
CaMKII inhibitor demonstrate that ~60 s of CaMKII activity is sufficient to induce structural plasticity of 
dendritic spines and LTP. Furthermore, by inhibiting CaMKII in amygdala during an inhibitory avoidance 
task, we could inhibit the learning of the task. Thus, we demonstrated that this method is feasible to 
elucidate the temporal window of kinase activation required for plasticity and learning. We expect that it 
is relatively straightforward to apply a similar strategy to create photo-inducible inhibitors for other 
signaling proteins. 

 

Wearable Transcranial Focused Ultrasound System for Region-Specific Functional 
Neuromodulation 
Lee, Wonhye; Croce, Phillip; McDannold, Nathan; Yoo, Seung-Schik 
Poster 197, Session 2 

Non-invasive and controllable manipulation of region-specific cortical/subcortical activity in the brain 
will open new avenues not only for neuroscientific research but also for clinical applications ranging from 
functional brain mapping to treatment of numerous neurological and psychiatric disorders. 

Advancements in focused ultrasound (FUS) techniques, with image guidance for targeting the sonication 
focus to a specific region of interest, have allowed for the non-invasive transcranial delivery of acoustic 
energy to cortical as well as deep brain structures with an excellent spatial selectively of only a few 
millimeters in size (roughly the size of a rice grain). The main objective of our research is to develop a 
wearable transcranial focused ultrasound (tFUS) environment that reversibly modulates (either elicits or 
suppresses) region-specific neural activities of the brain using a large animal model (sheep). 

In this first phase of the development, we will prepare image-guided tFUS systems, which allow for 
precise sonication of the region-specific brain areas (primary sensorimotor areas of the hind legs as well 
as their thalamic projections) through intact skull, and will implement/test the systems across a few test 
animals (n = 3–4). We utilize a single-element FUS transducer platform to make lightweight, MRI-
compatible FUS transducers operating at a range of 200–400 kHz. Optical image guidance will be 
provided, along with on-site numerical simulation of acoustic propagation within the cranial cavity, using 
a multi-resolution approach. 

We intend to integrate the FUS environment with the capability for evaluating the degree of modulation 
using wireless, telemetry-based behavioral (motion detection) and electrophysiological recordings, as well 
as functional magnetic resonance imaging (fMRI). Ultimately, we will apply the tFUS to modulate the 
brain function in awake sheep that are either freely moving (for the evaluation of the excitatory 
stimulation) or undergoing forced treadmill walking (for the evaluation of the suppression), and will 
examine the subsequent neuromodulatory effects.  
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New Biosensors for Multiplex In Vivo Imaging of Signaling Activities During Synaptic Plasticity 
Mehta, Sohum; Zhang, Yong; Roth, Richard; Huganir, Richard; Zhang, Jin 
Poster 2, Session 2 

The cross-regulation of various intracellular signaling pathways plays a central role in controlling 
neuronal activity and synaptic plasticity. During plasticity, changes in AMPA receptor membrane 
trafficking, which is regulated through a complex network of protein kinases, result in altered synaptic 
strength. Over the past decade, advances in microscopy and the advent of genetically encoded fluorescent 
protein (FP)–based biosensors have enabled real-time monitoring of dynamic signaling processes within 
the native context of single living cells. FRET-based biosensors have proven particularly versatile and are 
widely used, though they generally have low dynamic ranges that limit their usefulness in physiological 
settings. In addition, the requirement for spectrally distinct FP pairs restricts the simultaneous tracking of 
multiple signaling events within the same cell, thereby limiting the study of complex network activities 
that occur during synaptic plasticity. Here, we have engineered a suite of novel, single fluorophore–based 
fluorescent biosensors that offer higher dynamic ranges compared to FRET-based biosensors, as well as 
expanded capabilities for multiparameter imaging of signaling activity. We have characterized these new 
biosensors in cultured cell lines as well as primary neuronal cultures and show their response profiles to 
pharmacological stimuli. Ultimately, we plan to use in vivo two-photon imaging to visualize these sensors 
for the parallel examination of multiple signaling pathways in vivo to study the activity of signaling 
pathways during sensory stimulation and motor learning in awake mice. 

 

Building the Next Generation of Miniaturized Microscopes for Calcium Imaging in Freely 
Behaving Mice 
Aharoni, Daniel; Shuman, Tristan; Cai, Denise; Lu, Tsai-Yi; La-Vu, Mimi; Markovic, Dejan; Khakh, 
Baljit; Silva, Alcino; Golshani, Peyman 
Poster 2, Session 3 

Over the past year, we have made significant progress developing advancements to our miniature 
microscope system and expanding its capabilities and applications. We have designed, built, and tested a 
wireless, battery-powered miniature microscope prototype capable of recording 10 minutes of full-frame, 
continuous data at 15 frames per second. We expect to begin testing of the first full version of our 
wireless microscope in the coming months. This version will weigh 4 grams, be controlled/triggered 
wirelessly, and be capable of recording 20 minutes of data at up to 30 frames per second. The wireless 
scope electronics are backwards compatible with the hardware and optics of our standard, wired miniature 
microscope. We have also made progress in multichannel imaging and optogenetic stimulation. By 
replacing the high–chromatic aberration objective GRIN lenses with a miniature achromatic lens, we have 
significantly decreased the chromatic aberrations in our system across multiple wavelengths. We have 
also been successful in imaging jRCaMP1a, which we will use in conjunction with opsins to 
simultaneously record and stimulate neural activity. 

Along with advancing miniature microscope technology, we have continued to expand the content on the 
miniscope.org wiki resource, including adding assembly videos and imaging tutorials. The miniscope.org 
user base has now grown to over 1,000 registered users and has a very active discussion board. We will 
be running multiple miniscope workshops in the coming year as well as hosting online webinars. 
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Data Pipeline for Large-Scale Recording 
Angle, Matt; Huber, Edmund; Pouzzner, Daniel; LaReau, Chris 
Poster 4, Session 3 

Here we describe the hardware and software pipeline for a neural recording system that captures 300,000 
channels sampled at 1.6 kHz, 30,000 channels at 16 kHz, or 10,000 channels at 32 kHz. Our system is 
capable of continuous, multi-hour, lossless recording to disk, as well as real-time GPGPU processing. A 
researcher can monitor and control experiments from anywhere in real time using the accompanying web-
based GUI. 

Hardware: Our recording system is based on an off-the-shelf high-speed image sensor with compact and 
purpose-built backing electronics. The image sensor is bonded to a bundle of 10,000–100,000 microwires, 
each of which is approximately 20 μm in diameter. The microwire electrodes detect extracellular 
potentials, which are amplified by the image sensor electronics, then digitized and multiplexed over a 
conventional Camera Link interface. 

Software: We have built a pipeline to acquire, process, and record neural data in real time. Our software is 
written in C, runs on Linux, and handles the 8 Gb/s workload on a modest 6-core Intel processor paired 
with a 7-HDD RAID array. This is achieved using a combination of resource planning, such as core 
pinning, locked memory, and real-time priority threads, along with efficient critical path measures such as 
lock-free core data structures. The software serves a web interface, which grants control of the acquisition 
hardware and recording parameters, and provides a GPU-accelerated preview of data as it is being 
captured to any number of concurrent users.  
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Aerobic Fitness and Brain Plasticity 
Talukdar, Tanveer; Zwilling, Chris E.; Roman, Francisco J.; Nikolaidis, Aki; Paul, Erick J.; Hillman, 
Charles H.; Cohen, Neal J.; Kramer, Arthur F.; Barbey, Aron K. 
Poster 8, Session 3 

Accumulating evidence in the psychological and brain sciences demonstrates that aerobic fitness delivers 
beneficial effects on brain and cognition. For example, studies indicate that aerobic fitness is associated 
with more efficient brain activity and superior executive function. However, the mechanisms of 
functional brain plasticity that mediate the beneficial effects of physical activity and fitness on cognition 
remain poorly understood. The present study therefore (i) investigated the effects of aerobic fitness on 
individual differences in whole brain functional connectivity (Experiment 1); and (ii) examined whether 
functional connectivity is systematically altered by high-intensity interval fitness training (Experiment 2). 
Experiment 1 applied multivariate distance-based matrix regression (MDMR) to examine whether 
variation in aerobic fitness (measured by fat-free VO2 max) explains inter-individual differences in whole 
brain functional connectivity in a large sample of healthy young adults (N = 242). The results identify 
several brain regions within frontal, temporal, and occipital cortex whose functional connectivity explains 
individual differences in aerobic fitness. We applied graph theoretical metrics to further characterize the 
influence of these regions on core intrinsic connectivity networks, demonstrating significant connectivity 
strength with networks for executive function (fronto-parietal network). In Experiment 2, we investigated 
how functional connectivity is changed by participation in a 16-week high-intensity interval fitness 
training protocol (N = 39). We applied MDMR to identify regions whose functional connectivity pattern 
reflected individual differences in aerobic fitness at pre- versus post-intervention. Our findings 
demonstrate that improvements in aerobic fitness produce specific changes in functional brain plasticity, 
primarily within the fronto-parietal network. Taken together, our findings demonstrate that the beneficial 
effects of aerobic fitness on cognition reflect systematic changes within specific brain structures and 
networks that support executive function (fronto-parietal network). 

 

An Integrative Definition of Cell Types During Human Cortical Neurogenesis 
Nowakowski, Tomasz J.; Pollen, Alex A.; Chen, Jiadong; Mayer, Simone; Bhaduri, Aparna; Velmeshev, 
Dmitry; Di Lullo, Elizabeth; Kriegstein, Arnold R. 
Poster 10, Session 3 

We initially used single-cell approaches to establish an integrative definition of progenitor cells in the 
developing neocortex based on position, morphology, cell behavior, developmental potential, and gene 
expression. By analyzing gene expression across single cells, we found that oRG cells preferentially 
express genes related to extracellular matrix formation, migration, and stemness, and we related these 
genes to the position, morphology, and behaviors previously used to classify these cells. Many of these 
genes are involved in growth factor signaling and self-renewal pathways, suggesting that outer radial glia 
cells establish a self-sustaining proliferative niche. By using novel markers that reveal the morphology of 
oRG and vRG cells selectively, we find that oRG cells form the primary scaffold for migration of neurons 
to the cortical plate during mid and late phases of cortical neurogenesis. More generally, we have 
expanded this approach to identify the genes and pathways distinguishing diverse cell types during 
cortical development. We have now identified more than 20 molecularly distinct cell states during cortical 
development spanning known and novel features of cell diversity. Using our map of molecular diversity 
during cortical development, we predicted and subsequently demonstrated that Zika virus preferentially 
infects radial glia, astrocytes, and microglia using AXL as an entry factor, illustrating the utility of our 
cell genomic map. Toward the goal of multimodal analysis of single cells, we have recently developed a 
system to systematically profile physiological responses to a range of agonists prior to single-cell gene 
expression analysis, and we are using this to discover novel cell signaling networks. 
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Micro-TMS Technology for Ultra-Focal Brain Stimulation 
Bonmassar, Giorgio; Golestani Rad, Laleh; Pascual-Leone, Alvaro 
Poster 16, Session 3 

Micro-magnetic stimulation (μMS) is an emerging technology with a great promise to revolutionize 
therapeutic stimulation of the human nervous system. Originally developed to stimulate single neurons, 
μMS uses ultra-conductive neuron-size coils that are capable of carrying current pulses large enough to 
elicit neural activation by means of magnetic induction. Depending on their dimension, μMS probes are 
capable of inducing neuronal activation in small areas, limited to areas from a few hundred microns to a 
few millimeters, rendering the technology a unique tool for ultra-focal brain stimulation. Our laboratory 
of Analogue Brain Imaging (ABILAB) at Massachusetts General Hospital is one of the frontrunners of 
advancing μMS research. We were the first group demonstrating the feasibility of using μMS probes 
implanted in deep brain structures to deliver therapeutic stimulation with effects analogous to state-of-the-
art deep brain stimulation. Joining forces with the Berenson-Allen Center for Noninvasive Brain 
Stimulation at Beth Israel Deaconess Medical Center, we propose to adapt μMS technology to develop 
the first generation of miniaturized TMS (μTMS) elements for ultra-focal non-invasive brain stimulation. 
Taking advantage of the latest advancements in nano-fabrication, it is now possible to manufacture highly 
conductive long traces with cross sections as small as a few square microns. By carefully depositing turns 
of such nano-structures in an annulus surface area, we will generate electric fields large enough to 
penetrate the skull and stimulate the cortex, yet not induce discomfort at the skin level. Such advancement 
will have a transformative impact on the applicability of non-invasive brain stimulation, as it allows for a 
well-controlled stimulating and mapping of the human cortex with an unprecedented resolution. 
Moreover, because of their ultra-small size, μTMS elements can be integrated in multi-channel whole-
head conformal arrays that will fit in a human head–sized helmet, enabling, for the first time, the 
simultaneous multifocal stimulation of the human brain. 

 

Classification of Schizophrenia Using Data Mining Techniques on EEG Data 
Zimmerman, Zachary; Mueen, Abdullah; Brisk, Philip 
Poster 18, Session 3 

In our past work, we developed a pattern-based classification technique to differentiate between 
schizophrenic patients and healthy controls with 80% accuracy, using fMRI scans of schizophrenia 
patients (SPs) and healthy controls (HCs) while performing a multi-modal sensory integration task. Such 
a classifier can potentially be used in a neuroimaging device to assist physicians and psychiatrists to 
quickly diagnose brain injuries and treat patients who need variable doses of medications depending on 
the state of the brain. 

Although our classifier is capable of identifying high-quality patterns in the neuroimaging signals, the 
training and testing process is compute-bound with time complexity of O(n6). In our pattern-based 
decision-tree classifier, we maximize the information gain at every node of the tree. We have 
implemented an alternative prototype that maximizes distance gaps in Euclidean space with similar 
accuracy, tremendous reduction in computational complexity by two orders of magnitude, and a very 
amenable algorithm for vectorization. In the next few months, we will be implementing a hardware-
accelerated version of the algorithm and evaluate on two EEG-based diagnostic problems for 
schizophrenia and Parkinson’s disease.  
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BrainLab CI: Collaborative, Community Experiments with Data-Quality Controls Through 
Continuous Integration 
Burns, Randal; Miller, Michael M.; Vogelstein, Joshua T.; Mhembere, Disa 
Poster 20, Session 3 

The brain research community needs to increase the practice of sharing and combining data sets to 
increase the power of statistical analyses and to gain the most knowledge from collected data. This project 
aims to build a prototype system called BrainLab CI that will facilitate meaningful integration of 
thousands of publicly available magnetic resonance imaging (MRI) and neurophysiology data sets and 
allow researchers to define and conduct new large-scale community-level experiments on these data. 
BrainLab CI has the potential to transform research practice in neuroscience by overcoming major 
obstacles to data sharing: Scientists will be able to share data without losing control over data quality and 
will maintain full visibility into how all subsequent experiments use their data and algorithms. This 
project may consequently drive a change in scientific culture by encouraging data sharing and the 
development of common analysis tools and the resulting accelerated discovery from connecting ideas, 
tools, data, and people. The BrainLab CI prototype system will provide new paradigms for combining 
different analytic methods, meta-analysis with raw data, comparing the results of different laboratories, 
and even synthesizing new experiments by combining different studies. An experimental-management 
software system will be deployed that allows users to construct community-wide experiments that 
implement data and metadata controls on the inclusion and exclusion of data. 

 

Wireless Recording in the Nervous System with Ultrasonic Neural Dust 
Seo, DJ; Neely, Ryan; Maharbiz, Michel; Carmena, Jose 
Poster 22, Session 3 

We propose an ultra-miniature as well as extremely compliant system that enables massive scaling in the 
number of neural recordings from the brain while providing a path toward large-scale neural recordings 
and truly chronic brain-machine interfaces (BMIs). This will be achieved via two fundamental technology 
innovations: (1) 10–100 μm scale, free-floating, independent sensor nodes, or neural dust, that detect and 
report local extracellular electrophysiological data, and (2) subcranial mm-scale interrogators that 
establish power and communication links with the neural dust. The interrogator array is placed beneath 
the skull and below the dura mater, to avoid strong attenuation of ultrasound by bone, and is powered by 
an external transceiver via EM energy transfer. Building on an initial theoretical treatment and in vitro 
validation regarding the feasibility of power coupling and backscatter communication at these scales 
within the brain, and on more recent in vivo experimental data showing high-fidelity transmission of 
electromyogram (EMG) and electroneurogram (ENG) signals from anesthetized rats, this work will 
provide the first in vivo demonstration that this type of recording modality is possible in the central 
nervous system. In the process, we aim to map the fundamental system design tradeoffs and ultimate size, 
power, and bandwidth scaling limits of neural recording systems at the cortical level, built from low-
power electronics coupled with ultrasonic power delivery and backscatter communication. The use of 
distributed, ultrasonic backscattering systems to record high-frequency (~kHz) neural activity would pave 
the way for both massive scaling in the number of neural recordings from the nervous system as well as 
truly chronic BMIs.  



 

 
143 

Focused Electrical Stimulator for Targeted Neuromodulation 
Choa, Fow-Sen; Lobo, Mary Kay 
Poster 26, Session 3 

The ability to activate or block brain circuits at any desired location with innovative neuromodulation 
techniques can help to not only understand how the brain works but also aid in the development of novel 
approaches to treat neural diseases. The objective of this project is the development and application of a 
non-invasive neural stimulation technology to modulate neuronal activity in precise brain regions, to 
ultimately alter behavioral output.  

Typical two-pad transcranial direct current or alternating current stimulation (tDCS/tACS) tools will 
generate a current flow pattern widely spread over the whole brain. The multi-electrode “focused” tDCS 
can provide smaller-footprint current sinks to target specific cortical areas, but it cannot reach deeper 
brain regions. In this project, we work on highly innovative methods to deliver focused tACS to deep 
brain regions. The proposed approach combines arrays of confocalized multi-polar concentration ring 
stimulation pairs by diagonal summation of timed electrical fields from array pairs. It also uses a DC 
magnetic field to restrict the surface current and improve focused spatial distribution of currents. As a 
result, the tool can deliver deep and focused stimulations to any desired location in the brain. The project 
is organized according to the following tasks: 

1. Develop a mouse-focused tACS prototype by using pairs of ring electrodes and DC magnetic field. 
Test the developed tool with field probes in brain phantom, followed by verification of the magneto-
resistance effect and reduced focal spot size.  

2. Test the mouse-focused tACS prototype using mice to obtain differential limb movement and c-fos 
focalized expression and verify tissue integrity with the focused tACS paradigm.  

3. Compare focused tACS stimulation with known optogenetic stimulation to alter complex animal 
behaviors. This will verify the efficacy of focused tACS stimulation as therapeutic treatment in a complex 
behavioral disease and further examine the brain circuitry altered with tACS.  
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The Molecular Interactome of the Synapse 
Ogzul, Sinem; Kakahi, Sumie; Sereni, Davide; Denissova, Natalia; Montelione, Gaetano T.; Comoletti, 
Davide 
Poster 28, Session 3 

The synaptic cleft contains a dense material composed of hundreds of different proteins, such as 
receptors, adhesion proteins, et cetera, that can be defined as the proteome of the synaptic cleft. For the 
last half century, one of the key questions in neurobiology has been to understand how these proteins 
provide the specificity and connectivity to build and maintain trillions of synapses. To infer functional 
properties from molecular composition, we need to understand the function and binding partners of these 
molecules, the molecular interactome of the cleft. Thus, the challenge is to uncover as many new direct 
protein–protein interactions as possible and to map how these synaptic proteins work in pathways to form 
the molecular interactome of the synaptic cleft. This new information will be important to understand how 
these pathways function during brain development. We used a medium-throughput cloning and 
expression of more than 250 cell surface neuronal proteins and used these proteins to perform (1) ELISA-
based binary association studies to identify novel ligand–receptor pairs and (2) synapse formation assays 
to identify synaptogenic molecules. During the time of this pilot award, we have implemented numerous 
improvements that have considerably enhanced the speed and accuracy at which new ligand–receptor 
pairs are being discovered and validated. We have performed >11,000 direct interactions, and we have 
identified >40 interacting pairs. Of these, about half have never been published. These new data will lead 
to a better understanding of synaptic function and circuitry formation. Moreover, new pairs of interacting 
proteins will set the stage for new structural biology and molecular neuroscience projects. 
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ARIADNE: Algorithms for Representation and Inference Informed by the Acquisition of Data 
from Neuroscience Experiments 
Cox, David; Lichtman, Jeff; Pfister, Hanspeter; Tenenbaum, Josh; DiCarlo, James; Shavit, Nir; 
Leiserson, Charles; Vaziri, Alipasha; Scheirer, Walter; Kasthuri, Bobby; Chklovskii, Dmitri 
Poster 34, Session 3 

The past decade has seen exponential growth in digital data, from text to images to videos and beyond. 
This information surge promises to enable threat identification with unparalleled precision and advance 
warning. However, we have historically relied on human analysts to derive actionable meaning from such 
sources, and these human-based approaches cannot scale with the vast flows of data now available. Thus, 
we must build artificial systems to help sift through this data and understand it. 

The field of machine learning seeks to design algorithms that can discover latent structure in data and 
enable decisions based on it. Recent years have seen enormous progress in neural network approaches to 
machine learning, and “deep learning” networks now dominate many subdomains in the field. However, 
while these advances are impressive, they still fall short in contexts that matter to the intelligence 
community, where decisions must be made from ambiguous data (e.g., cluttered scenes and fragmented 
texts). 

Here, we describe an unprecedented reverse-engineering effort to discover fundamental aspects of the 
brain’s learning machinery. We focus on vision, bridging experiments on the function and structure of 
visual circuitry with promising ideas from computational and theoretical neuroscience. In particular, we 
consider learning in predictive networks that generate educated guesses about upcoming data from 
external world and dynamically compare these guesses with measured sensory reality. Combining state-
of-the-art automated training procedures with advanced two-photon calcium imaging, we will measure 
how the activity of thousands of neurons in the brain corresponds to the animal’s experience of the visual 
world. By watching these patterns evolve over learning, we can capture powerful clues about learning 
rules the brain employs. To explore the physical circuitry of the brain, we deploy massive-scale electron 
microscopy on the same brains, to reconstruct the “wiring diagram” of a significant portion of rodent 
visual cortex.  



 

 
146 

Emergent Dynamics from Network Connectivity: A Minimal Model 
Curto, Carina; Morrison, Katherine 
Poster 36, Session 3 

Even in the absence of changing sensory inputs, many networks in the brain exhibit emergent dynamics—
that is, patterns of activity that are shaped by the intrinsic structure of the network rather than modulated 
by an external input. Such dynamics are believed to underlie central pattern generators (CPGs) for 
locomotion, oscillatory activity in both hippocampus and cortex, and the complex interplay between 
sensory-driven responses and ongoing spontaneous activity. A number of mechanisms have been 
proposed to explain these internally generated dynamics, ranging from single-cell properties such as 
intrinsically rhythmic “pacemaker” neurons to network-level properties such as complex connectivity. We 
aim to isolate the role of network connectivity alone through the Combinatorial Threshold-Linear 
Network (CTLN) model, a minimal model with binary synapses, simple perceptron-like neurons, and flat 
external input, whose dynamics are controlled solely by the structure of an underlying directed graph. 
Despite its simplicity, the CTLN model is capable of producing the full variety of nonlinear dynamics: 
multistability, limit cycles, chaos, and even quasiperiodic behavior. By varying only the underlying 
graph, we observe emergent dynamics relevant for computational functions in cortex, hippocampus, and 
CPGs: multistability, fast sequences, slower “cell assembly” sequences, and complex rhythms. The 
CTLN model is also highly amenable to mathematical analysis, and we prove theorems characterizing 
features of the emergent dynamics based on the structure of the underlying graph. Finally, we show how 
these theorems enable us to engineer networks that produce prescribed dynamic patterns. 

 

Multi-Scale High-Aspect Ratio Structures (HARS) for Brain Cell Connectivity 
DeCoster, Mark A.; St. Marthe, Kahla; Nguyen, Nam; Kansakar, Urna; Karan, Anik 
Poster 38, Session 3 

The goal of this project is to connect novel, biocomposite, high-aspect ratio structures (HARS) with brain 
cells in vitro for dynamic imaging, sensing, and recording of brain activity at the cellular level. The 
HARS to be used are novel in two aspects: (1) they are generated under physiological conditions and (2) 
they are biodegradable. The novel HARS to be used are a stable biocomposite material composed of 
copper and the amino acid dimer cystine. Once synthesized, the HARS have the following benefits: (1) 
they scale from the nanometer to micrometer dimension in length, and (2) the copper component of the 
biocomposite assists in imaging via microscopy. This project will for the first time bring together these 
novel HARS materials and brain cells to measure the following: (1) effect of copper-containing HARS on 
brain cell viability; (2) effect of copper-containing HARS on brain cell intracellular calcium 
concentration; (3) degradation rate of HARS in brain cell cultures; and (4) potential for HARS to affect 
brain cell growth and network guidance. We hypothesize the following: (1) neuronal cultures will be 
permissive to HARS breakdown in vitro; (2) toxicity/viability effects of HARS on neuronal cells will be 
concentration dependent; and (3) copper content of HARS will provide sufficient imaging contrast to 
simultaneously image neuronal intracellular calcium dynamics and HARS structures using digital 
fluorescence video microscopy. We will test these hypotheses by combining neuronal cell cultures with 
HARS for the first time, including concentration gradients defined on mass/volume basis, and directly 
compare the results to defined, non-degradable materials such as quantum dots, fluorescent microbeads, 
and halloysite nanotubes. Outcomes from this project using novel and control materials are anticipated to 
reveal insight into cellular connectivity in both two-dimensional and three-dimensional cell cultures of 
multiple brain cell types.  
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Convergent Sensory-Motor Pathways for Voluntary and Reflexive Behaviors 
Schnell, Bettina; Suver, Marie; Ros, Ivo; Dickinson, Michael 
Poster 40, Session 3 

The goal of our BRAIN Initiative project is to map the sensory-motor pathways that control ethologically 
relevant behavior. The behavioral repertoire of nearly all animals, including both flies and humans, 
consists of a combination of sensory-driven reflexes and voluntary actions that depend on internal state 
and memory. Both sensory-mediated and voluntary behaviors utilize the same motor circuitry, and 
understanding how these two control streams interact and converge is central to many important questions 
in neuroscience, including action selection and decision-making. Voluntary behaviors are difficult to 
study experimentally because they are decoupled from any specific stimulus that might be used to elicit 
them under laboratory conditions. 

The fruit fly, Drosophila, is an excellent model for studying this problem because they readily exhibit a 
combination of reflexive and voluntary actions when they fly. In particular, the flight paths of flies consist 
of a series of straight sequences, which are stabilized by compensatory reflexes, interspersed with rapid 
turns called body saccades. Although saccades may be elicited by stimuli such as looming objects, flies 
also execute saccades spontaneously as part of their search strategy. Using a combination of behavioral 
analysis, functional imaging, and electrophysiology, we have begun to map the parallel pathways 
mediating both reflexive maneuvers and voluntary saccades. We have identified two previously unknown 
descending interneurons (DNHS and DNST) that connect the visual system and central brain to the motor 
network that controls the wings. Whereas the DNHS cell reliably conveys large-field visual motion 
signals to the flight motor, the DNST cell is spontaneously active, even in the absence of all sensory cues. 
Furthermore, the activity of the DNST cell is highly correlated with spontaneous steering maneuvers, and 
direct activation of the cell elicits robust turns. Thus, we have identified a neuron that appears to control a 
class of voluntary actions.  
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Sensing Neuronal Action Potentials with De Novo Designed Redox Proteins 
Iwanicki, Martin J.; Goparaju, Geetha; Chow, Brian Y.; Discher, Bohdana M. 
Poster 42, Session 3 

One of the most critical technological needs for deciphering the functional connectome of the brain is 
bright action potential probes suitable for sub-millisecond timescale imaging with high spatial resolution 
and selectively targetable to cells of choice. Inorganic probes developed for this purpose proved to be fast 
enough to detect neuronal action potentials with sufficient time resolution. However, these probes non-
selectively partition into membranes other than plasma membranes, and they cannot be targeted to 
specific cells. Protein-based optical voltage-sensing probes can address this problem, but current 
genetically encoded voltage indicators (GEVIs) lag behind the inorganic probes in speed and amplitude. 
We will present the design and characterization of de novo designed proteins (maquettes) that are the core 
of emerging protein-based sensors that will operate on an electron transfer–based mechanism. These 
designed membrane maquettes contain four membrane-spanning α-helices and bind redox-active 
cofactors to form an electron transfer chain within a lipid bilayer. To facilitate in vitro characterization, 
they have been expressed in high yields in inclusion bodies of Escherichia coli, purified and refolded in 
charged and uncharged detergent micelles, as well as in lipid vesicles. Circular dichroism studies revealed 
70% α-helicity in SDS and no melting at high temperatures and in common denaturants, indicating their 
strong structural stability. The maquettes assemble in different membrane environments and bind three 
hemes upon assembly in vesicles (two hemes strongly with 150 nM affinity and one more weakly with kd 
~1 µM). The redox midpoint potentials of the three hemes at pH = 8.0 are ‒38, ‒150, and ‒203 mV, 
suggesting that they will be in mixed oxidation states when incorporated in resting plasma membranes. 
We are currently expressing these maquettes together with fluorescent proteins to enable fast electron and 
energy transfers that will lead to strong fluorescent signal ∆F/F as a function of transmembrane voltage. 

 

Dynamic Network Computations for Foraging in an Uncertain Environment 
Shahidi, Neda; Schrater, Paul; Angelaki, Dora; Pitkow, Xaq; Dragoi, Valentin 
Poster 46, Session 3 

The brain evolved complex networks to enable flexible behavior in a dynamic world, but its specific 
computations remain poorly understood. We study network computations in foraging, an ethologically 
relevant behavioral task that involves sensory integration, memory, and complex decision-making. 
Monkeys were implanted with Utah arrays in dorsolateral prefrontal cortex (dlPFC) while they were 
moving freely in their cage to perform a foraging experiment. Animals were trained to push buttons on 
opposite sides of their cage to receive food pellets from the associated dispensers. Reward probability was 
hidden from the monkey and increased over time on different schedules for the two sides. We recorded 
simultaneous spiking activities of 30–60 neurons per session using a wireless system designed for 96-
channel electrode arrays. The number of button pushes attempted for each food source was proportional 
to the probability of receiving reward, in agreement with a matching law. Observed spike rates peaked 
during the 1 second preceding button presses. For 35%–60% of neurons per session, the peak was 
significantly more pronounced when the time since last button press was larger. By decoding population 
activity in each session, we found that neurons can predict whether reward had a high or low probability. 
We further estimated, based on the population response, whether the animal would stay on the same side 
or switch to the other side after each button press. While individual neurons were poor predictors of the 
animal’s choices, the information encoded in population activity was able to predict behavioral outcomes. 
Altogether, our results represent the first demonstration of network computations of relevant task 
variables underlying foraging by freely moving animals.  
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In Situ Transcriptional Analysis of Hypothalamic Behavior Circuits at Single-Cell Resolution 
Bambah-Mukku, Dhananjay; Moffitt, Jeffrey R.; Hao, Junjie; Kohl, Johannes; Lu, Tian; Regev, Aviv; 
Zhuang, Xiaowei; Dulac, Catherine 
Poster 48, Session 3 

The mammalian brain is a highly diverse structure in which large numbers of cell types, grouped into 
broad functional areas, serve defined functions according to their developmental origin, shape and 
connectivity, transcriptional program, and intrinsic biophysical properties. A mechanistic understanding 
of how the brain works and how dysfunctions lead to neurological disorders will require a systematic 
characterization of neural cell types. In turn, such knowledge will transform our ability to analyze and 
experimentally manipulate specific neuronal populations in normal as well as diseased brains. Our project 
aims to examine the transcriptome of individual cells still embedded in brain tissue in order to take into 
account topographical features of individual cells, such as information about the positions of cells in brain 
structures and their participation in functional circuits. Using a combination of MERFISH (Multiplexed 
Error Robust Fluorescence In Situ Hybridization) and Drop-seq in the mouse hypothalamus, we plan to 
develop an unbiased experimental approach and computational toolkit to classify cell types in situ, 
according to their gene expression profiles, and in the functional context of behaviorally relevant circuits. 

 

Neural Circuits in Zebrafish: Form, Function, and Plasticity 
Engert, Florian; Cepko, Connie; Lichtman, Jeff; Sompolinsky, Haim 
Poster 50, Session 3 

We propose to combine whole-brain 2-photon imaging of neural activity in behaving larval zebrafish with 
detailed anatomical and connectivity information extracted from the same animals. The final goal is to 
generate quantitative models of brain-wide neural circuits that explain the dynamic processing of sensory 
information as well as the generation of motor output by these circuits. Anatomical data will be generated 
by two complementary technologies: (1) Whole-brain EM data sets will be prepared from the same fish 
that were used for calcium imaging. Respective data sets will be registered to each other, functionally 
relevant neuronal ensembles will then be identified in the EM stacks, and connectivity will be analyzed in 
these subnetworks via sparse reconstruction. (2) EM-based connectivity information will be supplemented 
by trans-synaptic viral tracing technology. These two technologies for identifying synaptic connections 
have complementary strengths and weaknesses and are thus ideally suited for combination with in vivo 2-
photon calcium imaging studies. 

Functional, anatomical, and behavioral data can then be analyzed in the context of the specific stimuli and 
quantified behavioral output and subsequently synthesized into a theoretical framework. To that end, we 
will start with quantitative models of simple reflex behaviors, like the optomotor and optokinetic reflex, 
where the transformation of sensory input to motor output is relatively straightforward and well defined. 
These elementary models will serve as a scaffold that can be refined and complemented by additional data 
from structure-function studies from fish performing in more sophisticated behavioral assays that involve 
more complex stimuli, different modalities, and plastic changes. As such, the process of building such a 
“virtual fish” will be an iterative, open-ended process that requires continuous and bidirectional exchange 
of information between the theoretical and experimental groups of the research team. 
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Grasp Force Control with Somatosensory Feedback in a Brain–Computer Interface 
Flesher, Sharlene N.; Downey, John E.; Weiss, Jeffrey; Tyler-Kabara, Elizabeth C.; Chase, Steven M.; 
Schwartz, Andrew B.; Boninger, Michael L.; Collinger, Jennifer L.; Gaunt, Robert A. 
Poster 52, Session 3 

Dexterous object manipulation requires somatosensory feedback. In its absence, simple tasks are very 
difficult. In prosthetic limbs controlled through brain–computer interfaces (BCIs), providing 
somatosensory feedback could be an important step to improving function, as vision provides 
impoverished cues about object interactions. Intracortical microstimulation (ICMS) of primary 
somatosensory cortex (S1) is a potential method to restore this sensory channel. The usefulness of this 
particular feedback source in performing tasks with a prosthetic limb primarily lies in the ability of the 
user to dexterously control the hand. Until now, decoding has been limited largely to velocity, granting 
the user control over the speed at which the hand opens and closes, but not finger stiffness or applied 
force. 

Under an Investigational Device Exemption, a participant with a chronic spinal cord injury was implanted 
with two intracortical microelectrode arrays (MEAs) in primary motor cortex (M1) and two MEAs in area 
1 of S1. We found that stimulation of the S1 electrodes elicited percepts at somatotopically appropriate 
locations, with intensities that scaled linearly with amplitude over a wide range, making it well suited to 
providing force feedback. In order to improve force control, initial experiments were conducted to 
investigate the representation of grasp force in M1 while the subject attempted to grasp various objects 
with the BCI. This led to the development of a decoder to simultaneously decode grasp velocity and 
change in finger stiffness, which allowed the user to apply a range of grasp forces. 

This research was developed with funding from the Defense Advanced Research Projects Agency’s 
(DARPA, Arlington, VA, USA) Revolutionizing Prosthetics program (contract numbers N66001-10-C-
4056 and N66001-16-C-4051). The views, opinions, and/or findings contained in this article are those of 
the authors and should not be interpreted as representing the official views or policies of the Department 
of Defense or U.S. Government.  
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High-Density Microfiber Interfaces for Deep Brain Optical Recording and Stimulation 
Perkins, Nathan; Liberti, Bill; Gardner, Tim 
Poster 54, Session 3 

Optical techniques for recording from and manipulating neural activity have been largely constrained to 
superficial brain regions due to light scattering. Advances in multiphoton microscopy have enabled 
recording up to 1 mm below the surface, while implants such as GRIN lenses, microprisms, and 
photometry fibers have expanded the reach of optical techniques, but at the cost of tissue damage to 
overlying superficial regions of the brain. 

Based on the principles of fiber photometry, we have developed implantable bundles of hundreds or 
thousands of optical microfibers, with individual fiber diameters between 6 μm and 8 μm. During 
insertion, each fiber moves independently and follows a path of least resistance, splaying through the 
brain. The small cross section of each fiber minimizes neuronal damage and gliosis. After implanting 
fiber bundles into the basal ganglia (depth of 2.9 mm) of eight zebra finches, slices of fixed tissue in the 
target region reveal consistent splaying, with an average distance of 22.9 μm between neighboring fibers. 
Staining of slices from three birds after chronic implants (3+ months) reveals neurons in close proximity 
to the fibers, indicative of minimal tissue damage. 

Thanks to the total internal reflection within each fiber, the device holds the potential to bidirectionally 
interface with a small volume of neurons near each fiber tip, collecting fluorescence traces from 
genetically encoded calcium or voltage indicators as well as stimulating opsins. We share data from 
prototype bundles used to record fluorescent beads diffusing in water and from initial designs for a rotary 
microscope that will enable animals to move freely while imaging activity patterns on the back end of the 
fiber bundle. 

The availability of bundles of splaying optical microfibers will extend optical techniques to previously 
inaccessible brain regions, providing minimally invasive, bidirectional, multichannel interface for reading 
and modifying neural activity.  
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High-Density Recording and Stimulating Microelectrodes 

Deku, Felix; Cohen, Yarden; Pearre, Ben; Cogan, Stuart; Gardner, Tim 
Poster 56, Session 3 

Electrodes less than 10 microns in diameter can minimize glial encapsulation over chronic timescales and 
thus can both record single neurons and stimulate small groups of neurons stably. This project seeks to 
develop and test ultramicroelectrode electrode arrays built from carbon fiber and silicon carbide. 

We describe the spatial splaying properties of carbon fiber electrode arrays in the brain, as well as 
preliminary results showing that these electrodes remain capable of recording individual spikes for a year 
after implantation, even when the same electrodes were also used to stimulate the brain at functional 
levels of charge injection. We show that appropriate control of the electrode array through combinatorial 
current steering patterns can produce neural responses while keeping stimulation voltages below safety 
limits. Furthermore, we demonstrated controllable differentiation between responses measured in a brain 
area upstream of the stimulation site. 

Motivated by this proof of principle in carbon fiber, we have switched to microthread electrodes 
fabricated from amorphous silicon carbide (a-SiC). This was motivated by our desire to develop devices 
that are fabricated using processes suitable for scale-up to something beyond laboratory production levels. 
The goal is to retain all of the desirable properties of the carbon fiber electrodes, including the bundling 
and self-splaying behavior, individual fiber cross-sectional dimensions small enough to avoid deleterious 
tissue response, and the ability to record single and multiunit neural signals with high fidelity. The 
fabrication of the a-SiC devices involves standard thin-film processing techniques, and all steps in the 
process occur in situ, with the devices on a single silicon wafer. This approach provides a great deal of 
choice in the geometry of the multielectrode arrays, and it is also highly reproducible. Here we discuss the 
development and optimization of the a-SiC process, as well as preliminary in vitro and in vivo testing of 
the devices. 

 

Elements of Optical Readout and Control of Population Neural Activity 
Gong, Yiyang; Jiang, Jun; Redington, Emily; Soltanian-Zadeh, Somayyeh; Watkins, Lionel 
Poster 64, Session 3 

We are developing channelrhodopsin variants with blue-shifted spectra for use with existing fluorescent 
sensors of neural activity. Existing blue-shifted channelrhodopsins are slow and respond to one-photon 
and two-photon stimulation with low photocurrent. By manipulating the ion conduction pathway, we are 
attempting to increase the photocurrent and improve kinetics. We have also developed a new registration 
algorithm that removes the firing neurons from imaged movies to more accurately obtain the static 
features of the image. Using the static images, we can accurately register fluorescence imaging movies, 
thereby eliminating motion artifacts.  
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An Acousto-Optic Lens Microscope for High-Speed 3D Two-Photon Imaging with Real-Time 
Movement Correction 
Griffiths, Victoria; Nadella, Srinivas; Ros, Hana; Konstantinou, George; Koimtzis, Theo; Baragli, 
Chiara; Kirkby, Paul; Silver, Angus 
Poster 66, Session 3 

Neuronal signals are brief and sparsely distributed in 3D across synapses, neurons, and networks. 
However, the mechanical scanning and focusing of conventional two-photon microscopes severely limits 
the temporal resolution of 3D imaging, and brain movement complicates recordings. To overcome these 
limitations, we have developed a two-photon microscope based on acousto-optic lens (AOL) technology, 
which allows high-speed 3D random access pointing and scanning (RAPS) with closed-loop, real-time 
2D motion correction of brain movement that occurs in awake behaving animals. This enables high-speed 
recordings from small neuronal structures, such as fine dendrites and synapses distributed in 3D space, 
during locomotion. Moreover, post hoc movement correction is no longer required. 

The current AOL microscope will be further developed during the project to support larger fields of view 
of hundreds of microns, together with real-time 3D motion correction. This will enable the simultaneous 
imaging of neural circuits at somatic and dendritic scales in awake behaving animals. The agile 3D RAPS 
at 20–40 kHz provided by our AOL bridges the gap in temporal resolution between optical imaging and 
electrophysiology. Moreover, the compact design of the AOL will enable it to be added to existing two-
photon microscopes at a relatively low cost. The project aims to refine and disseminate this powerful new 
technology to a group of leading neuroscience groups working on different preparations, to ensure the 
new features are robust and that the open-source GUI meets the requirements of the neuroscience 
community. 

 

Using Computational Cognitive Neuroscience to Predict and Optimize Memory 
Tubridy, Shannon; Davachi, Lila; Gureckis, Todd 
Poster 68, Session 3 

The last decade has seen an explosion of research concerning the neural processes underlying memory 
formation and learning. As the basic research in this field becomes more mature, exciting possibilities for 
application of this knowledge have begun to emerge. This proposal aims to capitalize on these findings by 
developing assistive learning technologies that may revolutionize the way we teach and train people. We 
will develop automated “adaptive teaching” technologies that guide learners through material in an 
individualized way. The goal is to increase retention or mastery of materials by tailoring instruction to 
individual learners by combining insights from cognitive neuroscience and machine learning. Successful 
development of this synergistic research would be a transformative application of neuroscience to our 
daily lives and may lead to new commercial technologies. The specific scientific goal is to explore novel 
applications of neuroscience methods (particularly fMRI) to improve how people learn. Neuroscience 
research has identified robust neural correlates of successful memory formation. The goal of this project 
is to use these variables to help predict the information needs of learners in an adaptive way. The project 
design involves scanning an individual’s brain during the learning phase of a task. The research team then 
will identify which materials would benefit from additional study by combining computational models of 
the time course of learning and forgetting with theories mapping neural activation to successful memory 
formation. A computer algorithm then selects new materials for learners to re-study in a subsequent 
session. The goal is to show that generating a training sequence from a computer-based “neurofeedback” 
algorithm can enhance long-term memory retention more than when learners choose for themselves 
which items to re-study.  
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Brain Networks as Effective Connectivity 
Hanson, Stephen; Hanson, Catherine; Glymour, Clark 
Poster 70, Session 3 

Correlations: Networks were first proposed merely to represent correlations in activity among brain 
regions, and they are presently a common approach to measuring functional connectivity. Unfortunately, 
a network of correlations is not necessarily, or even likely, to be a network of actual influences, and in 
any case, since correlation is symmetric, a correlation gives no information about directions of influence 
or chains of influence and does not, for example, distinguish common causes of a variable from common 
effects of that variable. Functional connectivity based on correlation (or partial correlation) can be shown 
to be unstable on test-retest resting state and sensitive to the clustering method used to identify groups. 
Effective Connectivity: In contrast, methods that exploit conditional independence, edge selection, and 
orientation (Bayesian graph modeling) have been benchmarked with 97% recall and 92% precision in 
known small-world graphs of up to 50 nodes (Smith et al., 2010). Our research group has developed a 
unique and robust method that incorporates individual differences, finds a common graph model through 
constraint satisfaction, and is more consistent with DTI results than other methods. This method, IMaGES 
(Independent Multiple sample Greedy Equivalence Search), scales with hundreds to up to 1 million nodes 
edges and has been used to construct voxel-voxel graphs (VVGs) within structures (e.g., hippocampus) 
and to robustly detect scale-free network structure, which can be used to predict atypical brain network 
structure (e.g., schizophrenia, autistic spectrum disorder). We will discuss several unpublished results and 
plans for novel variations involving estimation of recurrence within the brain network, as well as latent 
structure, which may identify a meta-controlling hub structure.  
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Advances in Multi-Area Two-Photon Microscopy for Studying Long-Distance Communication 
Between Multiple Local Brain Circuits 
Helmchen, Fritjof; Bethge, Philipp; Voigt, Fabian; Chen, Jerry 
Poster 72, Session 3 

We aimed to further advance our first-generation two-photon microscope for simultaneous calcium 
imaging in multiple cortical areas within a large field of view (FOV) (Chen, Voigt et al., eLife, 
2016:e14679). We tested a 10x Olympus objective, which we find to support up to 3-mm FOV with 
cellular resolution with an effective NA of 0.5. In addition, we developed a microscope utilizing a cost-
effective Olympus MVPLAPO 2XC air macroscope objective (20-mm working distance, nominal NA 
0.5) in combination with 3-inch optics in the excitation and detection pathway. We achieved cellular 
resolution in layer 2/3 of mouse cortex over 6.1-mm FOV, recording calcium transients in individual 
GCaMP6f-expressing neurons. We currently characterize the point-spread function within the large 
addressable volume. This 2x objective can be readily combined with our modular multi-area scan engines 
and should enable simultaneous measurement of neuronal activity across distant cortical areas. A second 
aim was to achieve cross-layer imaging, including deep cortical layers. In a collaborative work, we 
created a novel TIGRE reporter mouse line driving Cre- and tTA-dependent expression of R-CaMP1.07 
for the cross-sectional transgenic scheme of the Seattle Allen Institute (Madisen et al., Neuron 85, 
2015:942). We crossed this mouse line with various Cre-driver lines for layer-specific expression (L2/3, 
L4, L5, or L6). After induction, R-CaMP1.07 was stably expressed for >10 weeks, sensitively reporting 
action-potential firing. Calcium transients were observed in all mice tested, including the L6-expressing 
line. Average excitation power as low as 36 mW was sufficient for functional imaging of R-CaMP1.07 
signals in L6 when using a low repetition rate laser (20 MHz, femtoTrain, Spectra-Physics). Low 
repetition rate lasers should also enable us to establish four-area imaging using detection demultiplexing 
with minimal channel cross-talk. Next, we will implement simultaneous imaging of two pairs of stacked 
imaging areas in two connected cortical areas.  
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Structure Guided Design of Photoselectable Channelrhodopsins 
Hires, Samuel Andrew; Lin, John; Cherezov, Vadim; Katritch, Seva 
Poster 74, Session 3 

Here we summarize our preliminary work toward a fundamentally new optogenetic technology 
potentially capable of flexibly manipulating the activity of thousands of neurons, contributing to the 
dynamic activity of distributed neural circuits with single neuron resolution. The overall objective of our 
project is to acquire critical structural knowledge of photoactive states of a red-shifted channelrhodopsin 
and use these to engineer a photoselectable channel prototype that would allow opsin-expressing neurons 
to be flexibly selected, activated, and deselected with light. The aims of our research are to obtain the first 
atomic structures of red-shifted channelrhodopsin mutants in three channel states, engineer a three-state 
ReaChR mutant with high open conductance and optimized action spectra, and demonstrate reversible 
photoselective control of neurons in vivo with PReaChR prototypes. We anticipate that completion of 
these aims will yield the following outcomes. First, it will produce new knowledge of the underlying 
structural transformations between channelrhodopsin photostates that will enable efficient computational 
design of photoselectable optogenetic tools. Second, it will produce the first examples of photoselective 
channelrhodopsins useful for neural excitation. Third, it will assess the utility of these new opsins for 
flexible control of distributed sets of neurons. Collectively, these will provide a roadmap to extending the 
transformative new trait of photoselectability to a wide range of existing optogenetic tools for excitation, 
inhibition, and modulation of neural activity. Further research in this direction should ultimately enable 
flexible control of spatially complex distributions of neurons in head-fixed and freely moving animals 
during behavior, a key to furthering our understanding of the intricate neural dynamics that underlie our 
thoughts, feelings, and actions, and how circuit dynamics are disrupted by neurological disorders. 

 

Label-Free Observation of Neural Connectivity 
Hu, Chenfei; Kandel, Mikhail; Majeed, Hassaan; Naseri Kouzehgarani, Ghazal; Lee, Young-Jay; Levine, 
Alex; Do, Minh; Sengupta, Parijat; Best, Catherine; Rogers, John A.; Sweedler, Jonathan V.; Gillette, 
Martha U.; Popescu, Gabriel 
Poster 76, Session 3 

Despite significant progress, understanding the integrated structural and electrical dynamics of the brain 
remains an overarching challenge. The “gold standard” for studying the neuronal electrical signals has 
been electrophysiology, in which physical electrodes are placed in contact with cells by either implanting 
them in the living brain, impaling them in a brain slice, or more recently, integrating them within 
microfluidic cell culture devices. Although electrophysiological characterization of channels, cells, 
synaptic transmission, and neural circuits has enabled many significant insights, the current methods are 
intrinsically invasive, unstable, and of low spatial resolution. 

In response to this challenge, our cross-disciplinary team has been developing novel imaging methods 
that enable completely new classes of studies as follows. Investigations are nondestructive and, thus, 
suitable for stable, long-term investigation without cellular damage or bleaching. Our imaging methods 
provide simultaneous information from a large field of view of many cells, suitable for studying 
connectivity. The measurements are sensitive to cellular structure and motions at the nanometer scale. 
Our methods can be applied to single cells and cell monolayers, as well as brain slices and whole model 
organisms such as C. elegans. We present our recent results in (1) label-free action potential 
measurement; (2) label-free imaging of Ca2+ fluxes in optogenetically activated neurons; (3) emergence 
and connectivity in neural clusters; (4) structure and dynamics imaging in brain slices; and (5) label-free 
imaging of C. elegans.  
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Human Neocortical Neurosolver 
Hamalainen, Matti; Hines, Michael; Jones, Stephanie R. 
Poster 78, Session 3 

The field of neuroscience is experiencing unprecedented growth in the ability to record from and 
manipulate brain circuits in humans and in animal models. MEG/EEG are the leading methods to non-
invasively record human neural dynamics with millisecond temporal resolution. However, it is still 
extremely difficult to interpret the underlying cellular and circuit-level generators of these “macro-scale” 
signals without simultaneous invasive recordings. This difficulty limits the translation of MEG/EEG 
finding into novel principles of information processing or into new treatment modalities for neural 
pathologies. As such, there is a pressing need, and a unique opportunity, to bridge the “macro-scale” 
signal with the underlying “meso-scale” cellular and circuit-level generators. This problem is ideal for 
neural modeling, where we can have specificity at both scales. We are building a user-friendly GUI-
driven neural modeling software tool, “Human Neocortical Neurosolver (HNN),” that will enable 
researchers without mathematical or neural modeling experience to test and develop hypotheses on the 
cellular- and circuit-level origin of their source localized MEG/EEG or ECoG data. Our software will 
work from a foundation of detailed anatomical and biophysical constraints to generate hypotheses as to 
the neural origin of observed neocortical brain signals. We are working with several identified test-case 
users with existing MEG/EEG data to develop our model into a tool they can use to test and develop 
specific hypotheses on the neural origin of activity from one or multiple brain areas. We are also 
integrating the model with the source localization software MNE so researchers can compute MEG/EEG 
source estimates and test hypotheses on the neural origin of their data in one integrated software package. 
We are building resources for freely using and expanding the software through the Neuroscience Gateway 
Portal, online documentation, and a user forum for interaction between users and developers. 



 

 
158 

Integrating Neural Interfaces and Machine Intelligence for Advanced Neural Prosthetics 
Katyal, Kapil; Kellis, Spencer; Klaes, Christian; Dobrev, Tatyana; Brown, David; Johannes, Matthew; 
Moore, Joseph; Wester, Brock; Lee, Brian; Pejsa, Kelsie; Shanfield, Kathleen; Hayes-Jackson, 
Stephanie; Aisen, Mindy; Heck, Christi; Liu, Charles; Andersen, Richard 
Poster 80, Session 3 

Despite significant advances in robotics and neural signal processing, modern brain–machine interfaces 
(BMIs) still lack sufficient dexterity to support clinical translation and drive widespread adoption. 
Traditionally, BMIs have used control paradigms that link channels of neural activity from motor cortex 
to individual degrees of freedom (DOF) in advanced robotic prostheses. However, current neural 
recording technology yields many fewer DOF than are available in robotic prostheses. In a significant 
departure from the traditional BMI, this project is focusing on decoding high-level cognitive intent from 
the parietal cortex for execution by a sensor-coupled robotic control system. These concepts—cognitive 
neural control and machine-augmented prosthetic control—are intended to dramatically improve BMI 
performance along two key dimensions: fast, intuitive operation and safe, functional capability. As part of 
this funded effort, we have developed perception and control algorithms to enable machine-augmented 
prosthetic control to allow the subject to complete activities of daily living. We have also developed novel 
machine learning capabilities leveraging deep neural networks to allow a prosthetic device to learn how to 
accomplish new tasks never seen before. Our goal is to replace a reward signal from the environment with 
a BMI signal, allowing us to reduce the training time while increasing the complexity of the tasks. 

The current phase of this project is to assess the performance of these hybrid systems, which will be 
evaluated against two key variables: intuitive use and functional capability. To evaluate intuitive use, 
qualitative assessments will be collected from the subject to determine the amount of mental effort 
required to operate the system. To assess functional performance, a series of Arm Motor Ability Tests 
(AMATs) will be conducted to evaluate the ability to complete activities of daily living, including the 
success rate and the amount of time required to complete the task.  



 

 
159 

BRAIN: EAGER: Memory Reactivation in Neural Circuits Over Long, Continuous Timescales 
Ackermann, Etienne; Kemere, Caleb 
Poster 82, Session 3 

“Introspection”—internally generated spiking during behavioral pauses or sleep—is challenging to study. 
We focus on sequential reactivation (“replay”) in the hippocampus—a region of the brain critical for 
memory. The temporal dynamics of replay and how it supports behavioral decisions and task learning 
remain mysterious. Most recording sessions last only about an hour or two per day; what happens when 
animals are not plugged into recording tethers? To answer this question, we are recording neural activity 
over long, continuous timescales during multi-day learning tasks. Such an approach poses many technical 
challenges that generalize for data that is “exo-long”—involving extended recording periods outside trial-
ized behavioral control. 

Our broader project focuses both on pre-processing exo-long data sets in the cloud and developing 
algorithms to study replay in the resulting data. We will present results from our work solving the latter 
problem. We use the principled probabilistic framework of latent variable models—hidden Markov 
models (HMMs) in particular—which can model sequential patterns without need for behavioral data. We 
will show that we can obtain meaningful HMMs when using both data corresponding to exploration (i.e., 
periods of theta oscillations in the LFP) or data during sharp wave ripples (SWRs, corresponding to 
replay periods). Relatedly, we will show that HMMs can be used to detect replay, using a sequence score 
derived from a model-likelihood measure, and that the sequential patterns we infer can be related back to 
spatial representations. These behaviorally blinded approaches have the potential to revolutionize how 
neural data is studied. 

As we develop new technological approaches to effectively and efficiently analyze data from these long, 
continuous recordings, we are actively sharing our tools via our lab GitHub repository and are actively 
pursuing collaborative relationships to evaluate and improve the tools in a variety of experimental 
contexts.  
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Directing Neural Plasticity to Treat Network Disorders 
Kilgard, Michael; Hays, Seth; Rennaker, Robert 
Poster 84, Session 3 

Neurological and psychiatric disorders are characterized by dysfunction across multiple brain networks. 
Effective treatments will require tools capable of modifying activity across these networks. During 
normal learning, the timing of neuromodulator release regulates network plasticity. Brief bursts of vagus 
nerve stimulation (VNS) can safely trigger release of these same plasticity-promoting neuromodulators in 
patients to repair damaged networks. We have shown that pairing VNS with specific experiences causes 
highly specific and long-lasting changes in sensory, motor, or emotional networks. Pairing VNS with a 
specific movement reorganizes motor cortex. Pairing VNS with a specific tone frequency reorganizes 
auditory cortex. Pairing VNS with speech selectively enhances the cortical response to specific words. 
Pairing VNS with emotionally salient cues directs plasticity in the amygdala. Animal models of chronic 
stroke, traumatic brain injury, spinal cord injury, nerve damage, post-traumatic stress disorder, and 
tinnitus all make substantially greater gains when VNS is timed to coincide with specific rehabilitation 
events compared to identical rehabilitation without VNS. The three clinical trials of this approach have all 
been successful. Pairing VNS with physical therapy in chronic stroke patients tripled the functional gains 
compared with controls who received identical physical therapy without VNS. Pairing VNS with tones in 
chronic tinnitus patients reduced tinnitus severity and decreased hypersynchronous gamma activity in 
auditory cortex, as in earlier animal studies. These results demonstrate that pairing VNS with 
rehabilitation generates highly specific network changes that treat the underlying problem. Targeted 
Plasticity Therapy will be an important addition to the growing toolbox of technology to facilitate study 
and repair of the human brain. Millions of lives were saved once scientists developed effective adjuvants 
(aluminum salts) that made it possible to direct plasticity in the immune system. Like vaccine technology, 
Targeted Plasticity Therapy is a platform technology that can be applied to many conditions. 

 

Brainstem Circuitry for the Coordination of Orofacial Motor Actions into Behavior 
Deschenes, Martin; Freund, Yoav; Kleinfeld, David; Wang, Fan 
Poster 86, Session 3 

Neuronal circuits in the brainstem control life-sustaining functions, including breathing, and orofacial 
motor actions such as smelling, vibrissa-based touch, and head and nose movements that are essential for 
exploration. We seek a complete circuit of orofacial sensorimotor control that delineates each of the 
motor actions and the coordination of these actions. We use quantitative measures of behavior to delineate 
motor actions (Kurnikova et al., Curr Biol, in press) and reverse engineer the circuitry from muscles back 
to feedforward pre-premotor neurons and feedback sensory cells. Our tools, used to define the underlying 
circuits and connect them with behavioral function (Moore et al., Nature 2013; Stanek et al., eLIFE 2014; 
Matthews et al., J Comp Neurol 2015; Deschenes et al., Neuron 2016), include viral labeling, intracellular 
recording, novels means of genetic identification, genetic manipulation, machine learning for atlas 
building, and network modeling. An unexpected result is that sniffing serves to reset and coordinate 
orofacial motor actions via projections from the pre-Boetzinger inspiration complex to the cognizant 
premotor nuclei (Kleinfeld et al., Nat Neurosci 2014). The state of the art of the overall network for 
orofacial control will be presented, along with a general scheme for building an adaptive digital atlas of 
the brain that is used as a framework for anatomical data.  
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Detection of Action Potential Propagation by Multi-Electrode Arrays 
Tovar, Kenneth R.; Bridges, Daniel C.; Wu, Bian; Randall, Connor; Audouard, Morgane; Jang, Jiwon; 
Hansma, Paul K.; Kosik, Kenneth S. 
Poster 88, Session 3 

Recording extracellular action potentials from ensembles of neurons with multi-electrode arrays is a high-
throughput technique useful in areas from studying network connectivity to drug screening. The nature of 
extracellular recording is such that signal redundancy can result from the simultaneous detection of action 
potentials from a single source by two electrodes, which skews spike train analyses. A related drawback is 
that extracellular recording precludes knowledge that any action potential results from any one specific 
neuron. We report here a novel and widespread source of signal redundancy among groups of electrodes 
due to detection of action potential propagation within mouse neurons cultured on planar electrode arrays. 
Within groups of co-active electrodes, we measure invariant spike sequences and time delays and other 
properties consistent with action potential propagation. The occurrence of these signals in the complete 
spike record is frequent enough to seriously impair meaningful spike train analysis. However, the 
repeated co-detection by multiple electrodes verifies that these signals result from individual neurons, 
allowing for the collection of extracellular data from unambiguously identified single neurons. Signal 
averaging spikes from identified neurons reveals electrodes with events that are otherwise below the 
signal detection threshold. Because neurons cultured on planar multi-electrode arrays can be monitored 
across many days, signal averaging non-invasively reveals details about the development of excitability 
while these neurons incorporate into neuronal networks. These signals occur in human iPS-derived 
neurons, creating the possibility of assaying action potential propagation in human disease models. 

This research was sponsored by the U.S. Army Research Laboratory and Defense Advanced Research 
Projects Agency under Cooperative Agreement Number W911NF-15-2-0056, Neuro-FAST. The views, 
opinions, and/or findings contained in this material are those of the authors and should not be interpreted 
as representing the official views or policies of the Department of Defense or the U.S. Government. 
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Neuromodulation by Transcranial Current Stimulation 
Kar, Kohitij; Duijnhouwer, Jacob; Krekelberg, Bart 
Poster 90, Session 3 

Transcranial current stimulation (TCS) creates small electrical fields in the brain through electrodes 
placed on the scalp. As a method for neuromodulation, TCS carries with it many practical benefits: It is 
portable, inexpensive, and easily deployable in the clinic and at home. Due to this simplicity and apparent 
versatility, there has been an explosion in the number of studies using transcranial currents. Despite its 
widespread use, there is substantial uncertainly as to its mechanism of action and even its basic 
dosage/response relationships. This project will use intracranial recordings in the primary visual cortex of 
nonhuman primates to understand how TCS changes neural activity. The first aim is to understand the 
parameters (e.g., current strength, electrode montage, duration) that affect the ability of direct currents to 
modulate neural excitability (tDCS). The second aim is to understand the parameters that affect the 
neuromodulatory efficacy of transcranial random noise currents (tRNS). The third aim is to understand 
the parameters that determine the efficacy of alternating currents (tACS).  

In our first set of experiments, we showed that 2 mA currents applied to large scalp electrodes placed on 
one hemisphere generate intracranial fields of ~0.1 V/m. These fields were fourfold weaker on the 
opposite side of the brain. This suggests that fields with a magnitude big enough to affect neural firing 
can be created transcranially, with some spatial specificity. Second, we performed single-unit and local 
field potential recordings in the middle temporal area and found that tACS at 10 Hz substantially reduced 
neuronal adaptation. These findings provide a first direct demonstration that weak electric fields applied 
to the scalp significantly affect neural processing in the primate brain and that this includes an unexpected 
influence on the cellular processes of adaptation. This novel insight informs the practical usage of tACS 
in research and applications. 

 

Optogenetic Mapping of Synaptic Activity and Control of Intracellular Signaling 
Lin, John Y.; Rodriguez, Erik A.; Kleinfeld, David; Tsien, Roger Y. 
Poster 92, Session 3 

The proposed project aims to develop three protein-based tools for studying the brain circuitry in 
combination with optical approaches: (1) a fluorescent protein-based tool to measure synaptic activity 
between two defined neuronal populations, (2) a protein-based tool that directly modulates the strength of 
synaptic communications with light, and (3) a set of tools that modulate G-protein–mediated intracellular 
second messenger pathways. To achieve the first aim, we use “split” fluorescent proteins expressed across 
the synaptic junction to detect the mechanical membrane movements associated with synaptic release in 
real time or a light-controlled fluorescent protein complementation system to measure the overall amount 
of synaptic vesicular content released into the synaptic cleft. To achieve the manipulation of synaptic 
strength (second aim), we utilize a photodimerization system to activate the BDNF/TrkB signalling 
pathway and calcineurin signalling pathways, which have been associated with synaptic strengthening 
(long-term potentiation) and weakening (long-term depression). To achieve the third aim, we modified G-
alpha proteins and their inhibitors (regulators of G-protein signaling, RGS) to make activities controllable 
by light. Early results for aims 2 and 3 are positive. Light-evoked intracellular calcium increase associated 
with activation of modified TrkB receptor and G-alpha(q) activation was observed in conjunction with 
CNG channel activation associated with G-alpha(s) activation. Light-evoked suppression of intracellular 
calcium release associated with G-alpha(q) with modified RGS protein domain was also observed. We are 
improving the consistency and increasing the efficacy of the approaches before testing in neurons in vitro 
and in vivo. Additionally, fluorescent indicators of synaptic activity and light-mediated control of 
calcineurin are being developed.  
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Embedded Ensemble Encoding (EEE) Theory 
Lytton, William; Hines, Michael; Antic, Srdjan 
Poster 94, Session 3 

We are developing a novel embedded-ensemble encoding (EEE) theory for mammalian neocortex to 
unify data from cell and network experiments and to infer general principles of how information is 
processed in the brain. EEE theory is based on the observation that cortical pyramidal neurons produce 
synaptically induced dendritic plateau potentials that place an individual neuron into an activated state. 
This brings that neuron near to threshold and also reduces the membrane time constant so that the 
activated cell PNact can readily and rapidly follow synaptic inputs. We hypothesize that ensembles of 
these activated cells provide the activated ensemble Eact, embedded in the overall cells of the column. 
There is then a second embedding of an ensemble based on synchronized spiking among the cells of Eact. 
This twice-embedded ensemble is denoted as Esync, with Esync subset of Eact (Esync ⊂ Eact). Synchronized 
spike coding within area then provides the substrate for a broad distributed ensemble across areas that 
would allow the binding of multimodal features into coherent object perception based on binding-by-
synchrony theory. In neuroscience, unlike in physics, detailed predictions for measures in the brain must 
be obtained by instantiating theory in simulation, which allows the experimentalist to correlate with the 
scales and measures that are experimentally accessible. Therefore, we will evaluate EEE theory through 
development of two innovative neurotechnologies: (1) detailed neuronal network multiscale models based 
on (2) simultaneous voltage-sensitive dye imaging, ion-sensitive dye imaging, and whole-cell patch 
recordings of neurons. EEE theory may help reconcile rate-coding theory with binding-by-synchrony 
theory. It also has implications for Bayesian predictive coding theory: The outer ensemble could serve as 
a predictor for codings in the nested ensemble. 

 

Progress in Imaging Neuromodulation Signaling Pathways In Vivo 
Zhong, Haining; Melander, Josh; Qin, Maozhen; Mao, Tianyi 
Poster 96, Session 3 

Neuromodulation, such as that mediated by dopamine, norepinephrine, and serotonin, regulates the 
excitability, synaptic plasticity, and other neuronal functions. Tools for directly measuring these 
neuromodulators, such as voltammetry and fluorescent chemical and protein sensors, are emerging. 
However, the functional responses to these neuromodulators rely on intracellular signaling pathways, of 
which the amplitude and sensitivity are specific to individual neurons. Therefore, it is necessary to 
establish tools and methods to directly monitor the downstream pathways in individual neurons with high 
spatiotemporal resolution. cAMP/PKA pathway is the common downstream signaling pathway of 
dopamine, norepinephrine, and serotonin. In the proposal, we set out to establish in vivo imaging of the 
activity of cAMP and PKA in response to neuromodulatory activities with single-neuron resolution. 
Although imaging experiments of cAMP/PKA have been possible in vitro by using genetically encoded 
cAMP/PKA sensors based on Förster resonance energy transfer (FRET), doing so in vivo has been 
difficult due to the low signal-to-noise ratio under the challenging in vivo imaging conditions. We propose 
a multipronged approach to eliminate several bottlenecks encountered with current in vivo FRET imaging 
to maximize the signal-to-noise ratio. In the coming symposium, we will present our progress in 
improving PKA FRET sensors and generating related viral reagents for in vivo imaging, as well as the 
initial applications of the improved sensors in vivo by using two-photon fluorescence lifetime imaging 
(2pFLIM) to quantify FRET. We will also present our progress in exploring genetic manipulations and 
generating prototypical mouse lines that will allow for the expression of PKA sensors with minimal 
perturbation and high imaging contrast.  
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The Role of Patterned Activity in Neuronal Codes for Behavior 

Maunsell, John; Histed, Mark; Fellin, Tommaso 
Poster 98, Session 3 

A fundamental goal of neuroscience is to understand how the patterned activity of neuronal populations 
generates percepts that can guide behavioral responses. To approach this question, our team is developing 
approaches to selectively activate investigator-targeted neurons in cerebral cortex using two-photon 
stimulation and to measure how this stimulation affects behavioral performance in a perceptual task. We 
have made progress on two fronts. First, we have made juxtasomal electrophysiological recordings and 
delivered patterned two-photon illumination to different classes of neocortical neurons expressing the 
excitatory opsin Channelrhodopsin-2 (ChR2) in anesthetized mice. In principal neurons and parvalbumin-
positive and somatostatin-expressing interneurons, two-photon excitation (920 nm) of the cell body 
significantly increased spike output at depths up to 400 um from brain surface. Displacing two-photon 
excitation in the radial or axial directions decreased the stimulation efficiency (tau = 10–40 um). Second, 
we have tested whether two-photon stimulation of ChR2 can influence behavior in a visual detection task. 
During behavioral sessions, two-photon stimulation within a small region of V1 (100 um2) was delivered 
on half the trials in synchrony with a visual stimulus. The ChR2 stimulation was topographically aligned 
with the representation of the visual stimulus in V1. Two-photon stimulation of cortex produced a small 
but significant enhancement in reaction time relative to unstimulated trials (medians: stimulated = 304 
ms; unstimulated = 308 ms; 2,616 total trials; 13 sessions). Misaligning the visual and ChR2 stimuli by as 
little as 5° of visual angle eliminated the effect on reaction time. Ongoing efforts are directed at 
increasing the magnitude of the behavioral effects caused by ChR2 stimulation of cortex. 

 

Distinct Global Brain Dynamics and Spatiotemporal Organization of the Salience Network 
Chen, Tianwen; Cai, Weidong; Ryali, Srikanth; Supekar, Kaustubh; Menon, Vinod 
Poster 100, Session 3 

One of the most fundamental features of the human brain is its ability to detect and attend to salient goal-
relevant events in a flexible manner. The salience network (SN), anchored in the anterior insula and the 
dorsal anterior cingulate cortex, plays a crucial role in this process through rapid detection of goal-
relevant events and facilitation of access to appropriate cognitive resources. Here, we leverage the 
subsecond resolution of large multisession fMRI datasets from the Human Connectome Project and apply 
novel graph-theoretical techniques to investigate the dynamic spatiotemporal organization of the SN. We 
show that the large-scale brain dynamics of the SN are characterized by several distinctive and robust 
properties. First, the SN demonstrated the highest levels of flexibility in time-varying connectivity with 
other brain networks, including the frontoparietal network (FPN), the cingulate-opercular network (CON), 
and the ventral and dorsal attention networks (VAN and DAN). Second, dynamic functional interactions 
of the SN were among the most spatially varied in the brain. Third, SN nodes maintained a consistently 
high level of network centrality over time, indicating that this network is a hub for facilitating flexible 
cross-network interactions. Fourth, time-varying connectivity profiles of the SN were distinct from all 
other prefrontal control systems. Fifth, temporal flexibility of the SN uniquely predicted individual 
differences in cognitive flexibility. Importantly, each of these results was also observed in a second retest 
dataset, demonstrating the robustness of our findings. Our study provides fundamental new insights into 
the distinct dynamic functional architecture of the SN and demonstrates how this network is uniquely 
positioned to facilitate interactions with multiple functional systems and thereby support a wide range of 
cognitive processes in the human brain.  
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Differential Brd4-Bound Stretch Enhancers Drive Critical Sex Differences in GBM Phenotype 
Kfoury, Najla; Qi, Zongtai; Kim, Albert H.; Berrett, Kristofer; Gertz, Jay; Mitra, Robi; Rubin, Joshua B. 
Poster 102, Session 3 

Significant sex differences in GBM demand understanding at a molecular level. We hypothesized that 
these differences in gene expression represented a cellular sex identity that would be driven by 
differential usage of Brd4-bound stretch/super-enhancers (SEs). These recently described genetic 
elements are characterized by disproportionate binding of the transcription factors Med1 and Brd4, and 
their occupancy, or usage, drives high levels of expression of lineage- and cell state–specific genes, 
including those required for malignant transformation. We utilized transposon “calling cards” to map 
active Brd4 binding sites genome-wide in a murine model of mesenchymal glioblastoma (mes-GBM). We 
found reproducible differences in SE occupancy by Brd4 in male and female mes-GBM cells. Sex 
differences in occupancy were validated using histone ChIP-PCR for the SE-associated histone marks, 
H3K27Ac and H3K4me3. The functional significance of sex-specific SE usage was determined by 
treating male and female mes-GBM cells with the Brd4 antagonist JQ1. Treatment with JQ1 reproducibly 
abrogated the basal differences in stem-like cell frequency between male and female mes-GBM cells 
resulting in a decreased functional stem cell fraction in male cells and an increased functional stem cell 
fraction in female cells. Sex-specific effects of JQ1 were evident in vitro as well as in in vivo 
tumorigenesis assays. These data establish for the first time that cellular sex identity is driven by 
differential SE usage and that sex differences in SE usage account for critical sex differences in GBM 
phenotype. These data have significant implications for the clinical applications of JQ1. 
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Sequencing of the Entire Brain at Single-Neuron Resolution (Brain-Seq): From NeuroSystematics 
to Genealogy of Neurons 
Moroz, Leonid L.; Basanta Sanchez, Maria; Cocanougher, Benjamin; Wittenbach, Jason; Kohn, Andrea 
B. 
Poster 104, Session 3 

How and why neuron-specific activity of thousands of genes leads to precise and persisting changes in 
synaptic efficiency, mediating distinct stereotyped and learned behaviors, are unknown. Ideally, the 
understanding of genome-wide events requires an unbiased analysis of the entire scale of gene regulatory 
pathways simultaneously in each brain’s neuron as they learn and remember. Although such an analysis is 
yet impossible in any vertebrate, including humans, it can be successfully achieved today using the 
Aplysia simpler nervous system, where many neurons and connections have been identified. 

Here, using microfluidics strategies, we isolated and sequenced virtually all individual cells 
(neurons + glia, sensory + novel types) composing the entire brain of Aplysia, with a resolution currently 
impossible to achieve elsewhere. Second, to validate such massive scRNA-seq, we re-sequenced major 
components of the memory-forming circuit during two forms of learning. Third, we developed a metric to 
quantitate each brain’s region epitranscriptional relationships, including newly developed protocols to 
profile dozens of RNA modifications at the single-neuron level. Finally, we sequenced several peripheral 
organs at the single-cell resolution. Combined, this massive parallel scRNA-seq with novel computational 
algorithms allowed us to unbiasedly classify both neurons and non-neuronal cells. Surprisingly, we found 
that neurons, in spite of similar appearance, are more transcriptionally diverse than other phenotypes. We 
discovered ~150 neuronal superclasses distributed across four levels of complexity. Hundreds of novel 
lineage-specific neuronal markers and secretory molecules were cross-validated using in situ 
hybridization and inherently linked to neuronal genealogy. Even more surprising was a discovery of novel 
neuron-specific ncRNAs and distinct RNA-modifying machinery leading to highly predictive neuronal 
individuality with 90%–100% accuracy! This first unbiased cell-specific genomic portrait of the brain 
suggests that most neurons are epitranscriptomically unique—they learn and age differently, opening new 
perspectives for individualized medicine.  
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Genomic Approaches to Characterizing Neuronal Cell Types Across Mammals 
Nelson, Sacha; Shima, Yasuyuki; Clark, Erin; Mitra, Partha; Bejerano, Gil; Lee, Daniel; Lois, Carlos 
Poster 108, Session 3 

Neuronal cell type identity is created and maintained through programs of gene expression entailing 
interaction of promoters, often broadly expressed, with cell type–specific enhancers. In prior and ongoing 
work, we developed strategies for enhancer trapping in mice, revealing novel patterns of cell type–
specific expression (Shima et al., 2016). Here we explore the role of species-specific genomic context in 
establishing these enhancer interactions by creating knock-in rats expressing the same enhancer probe 
construct at syntenic chromosomal locations. 

Using CRISPR/Cas9 to generate transgenic rats, we encountered an important technical hurdle: Knock-in 
is extremely inefficient when the donor DNA exceeds 2,000 bp. Needing to integrate a DNA donor 
>7,000 bp, we injected 700 rat embryos, obtained 150 live pups, and observed correct targeted integration 
in just two animals. We have now developed a different strategy in which a donor flanked by gRNA 
targets is linearized in the nucleus and co-injected with long, single-strand DNA oligos. 

Initial analysis of the syntenic rat line generated reveals intriguing differences. The mouse 078 has robust 
GFP expression in both main and accessory olfactory bulbs (MOB and AOB). Interestingly, the syntenic 
078 rat has robust GFP expression in the AOB but only sparsely labels granule cells in the MOB. UO1 
team members are now performing more comprehensive genomic and anatomical comparisons of the 
differences between 078 mice and rats using brain-wide atlasing and genome-wide profiles. For example, 
to more directly study genomic candidate enhancer elements, we adapted the technique of ATACseq to 
enhancer-trapped neurons. FACS was used to sort 5–15,000 labeled neurons, and isolated nuclei were 
subjected to “tagmentation” using the Tn5 hyperactive transposase loaded with Illumina sequencing 
primers. For each cell type analyzed, replicate ATACseq assays and RNAseq assays are performed and 
analyzed bioinformatically, revealing the genomic location of candidate cell type–specific enhancers. 
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Classification of Cortical Neurons by Single-Cell Transcriptomics 
Stafford, David; Risso, Davide; Visser, Jasper; Wagner, Allon; Cole, Michael; Chance, Rebecca; Chu, 
D.; Choi, Yoon Gi; Lee, A.; Bateup, Helen; Feldman, Dan; Vance, Russell; Doudna, Jennifer; Yosef, Nir; 
Dudoit, Sandrine; Purdom, Elizabeth; Hockemeyer, Dirk; Adesnik, Hillel 
Poster 110, Session 3 

Elucidating the properties of neural circuits requires an understanding of the cell types that comprise 
neural circuits and their roles in processing and integrating information. However, since the description of 
diverse neuronal cell types over a century ago by Ramon y Cajal, we have barely scratched the surface of 
understanding the diversity of cell types in the brain and how each individual cell type contributes to 
nervous system function. Current approaches for classifying neurons rely upon features including the 
differential expression of small numbers of genes, cell morphology, anatomical location, physiology, and 
connectivity—important descriptive properties that nonetheless are insufficient to fully describe or predict 
the vast number of different cell types that comprise the mammalian brain. Here we propose a suite of 
technologies for identifying and classifying the myriad cell types present in the brain. Our method will be 
developed using layer 5 pyramidal cells from the mouse somatosensory cortex as a model system. First, 
we will exploit the latest developments in DNA sequencing technologies to characterize gene expression 
profiles on single layer 5 neurons at high throughput. Second, genes found to define newly discovered 
neuronal subtypes will be used to gain genetic access to these cells using Cas9/CRISPR-mediated genome 
engineering to create knockin mouse reporter lines. Development of this technology promises to open a 
pipeline for the rapid generation of multigenic mouse reporter strains in which specific neuronal subtypes 
are uniquely labeled by combinations of tagged genes. Third, we will use these genetically engineered 
mice to confirm that our taxonomy represents distinct functional properties of the classified neurons. Our 
approach can ultimately be scaled up to generate a complete census of cell types in the brain, a critically 
needed resource for dissecting nervous system function with modern investigative tools. 

 

High-Bandwidth Wireless Interfaces for Continuous Human Intracortical Recording 
Nurmikko, Arto; Hochberg, Leigh 
Poster 112, Session 3 

Neurologic disorders, including cervical spinal cord injury, brainstem stroke, and amyotrophic lateral 
sclerosis, can lead to severe paralysis of all four limbs. More than 100,000 people in the U.S. have 
tetraplegia from these and other disorders, which in their most extreme forms can lead to loss of all 
voluntary movement and the loss of speech (locked-in syndrome). Over the past 10 years, intracortically 
based brain-computer interfaces have been developed with the hope of restoring voluntary, intuitive, 
flexible, and around-the-clock control of external devices, such as a computer cursor, or internal 
neuromuscular stimulators capable of reanimating limb movement. In humans, conveying these powerful, 
high-bandwidth, intracranially recorded neural signals to external neural decoders has required 
percutaneous components that tether the user to nearby technologies and require regular caregiver 
assistance to reduce the risk of infection. We have created and performed initial nonclinical testing of a 
fully implanted, high-bandwidth neural recording system that can transmit 100 channels of neuronal 
ensemble data to receivers up to 1 meter away. This tightly collaborative, multi-institutional project 
brings together leaders in neurology, neurosurgery, neuroscience, neuroengineering, and medical device 
clinical trials to (1) complete the manufacture and regulatory assessment of this next-generation 
technology and (2) perform a rigorous Early Feasibility Study in which six participants with tetraplegia 
will test the investigational BrainGate3 Neural Interface System at home for at least 1 year. This study 
will provide early clinical experience with a novel neurotechnology platform and will inform the 
development of next-generation closed-loop neural recording and stimulating devices to help manage the 
symptoms of neurologic and neuropsychiatric disease.  
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High-Density Carbon Fiber Electrode Array for the Detection of Electrophysiological and 
Dopaminergic Activity 
Patel, Paras; Popov, Pavlo; Mohebi, Ali; Egert, Daniel; Roussien, Douglas; Hamid, Arif; Najafi, Khalil; 
Aragona, Brandon; Cai, Dawen; Berke, Joshua; Chestek, Cynthia 
Poster 118, Session 3 

Monitoring the electrical and chemical activity from neighboring but distinct populations of neurons is 
crucial to better understanding neural dynamics and information processing. This is true for many regions 
of the brain, such as the nucleus accumbens or dorsal striatum, which have been closely associated with 
decision making but whose subregions have been shown to have differing dopamine release 
characteristics. To date, sampling from these regions with multiple electrodes and determining their exact 
implant location has been difficult, due to the size of existing electrodes. To overcome this, we are 
developing high-density carbon fiber electrode arrays that can alternatingly monitor electrophysiological 
and dopaminergic activity. 

Our initial arrays, built using a thin flexible printed circuit board, focused on targeting the nucleus 
accumbens with 16 closely spaced individual carbon fibers. These fibers can detect electrical activity 
using Intan headstages or sense dopaminergic activity using custom-built, 16-channel fast scan cyclic 
voltammetry (FSCV) headstages. This array design has been chronically implanted and shown to detect 
both unit action potentials and dopamine release. In addition, the fibers can be sliced with the tissue, 
allowing us to directly visualize the recording tips in situ. 

This initial work is being adapted to even higher-density arrays with 64, 256, and eventually 1,024 
recording channels. These devices are made possible by employing cleanroom fabrication methods that 
will create the support structure for each carbon fiber electrode. Moreover, the back-end recording 
equipment will rely on a combination of high channel count recording systems from Intan and FSCV 
headstages made with off-the-shelf components. 

Taken together, this system will use readily available hardware coupled with custom-made, high-density 
electrodes to sense both electrophysiological and dopaminergic activity while still allowing for the 
electrodes to remain in the brain during slicing to determine their exact location. 
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Quiet TMS: A Low-Acoustic-Noise Transcranial Magnetic Stimulation System 
Peterchev, Angel; Murphy, David; Zeng, Zhiyong; Gomez, Luis; Goetz, Stefan 
Poster 120, Session 3 

Transcranial magnetic stimulation (TMS) is widely used as a tool for probing and modulating brain 
function for research and therapeutic purposes and is an FDA-approved treatment for depression. A 
significant limitation of TMS, however, is that the magnetic pulse delivery is associated with a loud 
clicking sound, as high as 140 dB, resulting from electromagnetic forces. The loud noise significantly 
impedes both basic research and clinical applications of TMS. It effectively makes TMS less focal, since 
every click activates auditory cortex, brainstem, and other connected regions synchronously with the 
magnetic pulse. The repetitive clicking sound can induce neuromodulation that can interfere with and 
confound the intended effects at the TMS target. Also, there are known concerns regarding blinding of 
TMS studies, hearing loss, induction of tinnitus, and tolerability. Addressing this need, we are developing 
a quiet TMS (qTMS) device that incorporates two key concepts. First, the dominant frequency 
components of the TMS pulse sound (typically 2–5 kHz) are shifted to higher frequencies that are above 
the human hearing upper threshold of about 20 kHz. Second, the TMS coil is designed electrically and 
mechanically to generate suprathreshold electric field pulses while minimizing the sound emitted at 
audible frequencies (<20 kHz). The enhanced acoustic properties of the coil are accomplished with a 
novel, layered coil design. A proof-of-concept qTMS prototype demonstrates noise loudness reduction by 
19 dB(A) with ultrabrief pulses at conventional amplitudes. Building upon these results, we are designing 
a qTMS device that is >40 dB quieter compared to a conventional device while inducing suprathreshold 
electric field pulses. The neural and acoustic stimulation produced by qTMS will be characterized in 
bench-top measurements and a proof-of-concept human study. Our vision is that, when fully developed, 
qTMS technology will enable more precise, effective, safe, and tolerable TMS. 

 

Correlating Anatomy and Function with Gene Expression in Individual Neurons by Combining In 

Vivo Labeling, Patch Clamp, and Single-Cell RNA-Seq 
Pfeffer, Carsten; Beltramo, Riccardo; Scanziani, Massimo 
Poster 122, Session 3 

The classification of neurons into distinct types is an ongoing effort aimed at revealing and understanding 
the diversity of the components of the nervous system. Recently available methods allow us to determine 
the gene expression pattern of individual neurons in the mammalian cerebral cortex to generate powerful 
categorization schemes. For a thorough understanding of neuronal diversity, such genetic categorization 
schemes need to be combined with traditional classification parameters like position, axonal projection, or 
response properties to sensory stimulation. Here we describe a method to link the gene expression of 
individual neurons with their position, axonal projection, or sensory response properties. Neurons are 
labeled in vivo based on their anatomical or functional properties, and their RNA is individually harvested 
in vitro using patch clamp pipettes for RNA-seq. This method allows the systematic correlation between 
the genetic expression pattern and the functional and anatomical properties of individual neurons. 
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Genetically Encoded Voltage Indicator Development 
Platisa, Jelena; Vasan, Ganesh; Campbell, Robert; Kannan, Madhuvanthi; Pieribone, Vincent A. 
Poster 124, Session 3 

Genetically encoded voltage and calcium indicators (GEVIs and GECIs, respectively) offer non-invasive 
means to monitor neuronal activity in vitro and in vivo. A number of GEVIs have been developed in 
recent years, such as Arclight, ASAP1, FlicR, and Ace2N-mNeon, among others. Unlike GECIs, GEVIs 
have not received widespread use, due to their weaker fluorescence intensity, relatively smaller changes 
in fluorescence output, and poor methods to image high-speed fluorescence changes with cellular 
resolution. Further, a lack of significant mechanistic understanding of the structural rearrangements that 
produce changes in fluorescence with voltage necessitates the use of empirical protein evolution methods 
for GEVI development. This process demands generation of thousands of single or multiple mutations on 
the original indicator sequence, followed by large-scale automated or semi-automated screening of the 
mutants for improved signal size and speed in cultured cells. Here, we report an optimized method for 
rapid and cost-effective mutagenesis of voltage indicators, and a custom-built semi-automated high-
throughput screening platform capable of imaging optical responses from mutant GEVI-transfected 
neurons and excitable HEK cells. We validate the system’s sensitivity using previously published probes 
and demonstrate its use in improving the newly identified GEVI FlicR and the development of several 
new indicators (i.e., Marina, mRuby-based indicators, and NIR voltage indicators). 

 

Improving Human fMRI Through Modeling and Imaging Microvascular Dynamics 
Polimeni, Jonathan R.; Barth, Markus; Hinds, Oliver P.; Setsompop, Kawin; Chuang, Kai-Hsiang; 
Chung, Kwanghun; Feinberg, David A.; Boas, David A.; Wald, Lawrence L. 
Poster 126, Session 3 

The goal of our newly funded BRAIN Initiative project is to transfer knowledge gained from invasive 
studies of microvascular responses to neuronal activity into interpreting human fMRI data. We will 
achieve this by linking a model of hemo- and vasodynamics built from two-photon microscopy with 
reconstructions of human microvascular anatomy and by exploiting this model to improve the spatial and 
temporal specificity of human fMRI. We plan to combine detailed maps of human macro- and mesoscale 
vasculature measured with high-resolution MRI with maps of the microscale vasculature measured in 
human brain specimens with CLARITY-assisted microimaging. We will then link this anatomical 
information with dynamic models built from two-photon microscopy performed in rodents where the 
changes in vessel diameter, blood flow, and oxygenation can be measured directly in each vessel type 
across all stages of the vascular hierarchy. We will finally test the ability of this model to improve the 
neuronal specificity of fMRI by imaging the functional architecture in human visual cortex. This model 
will also enable the formulation and testing of hypotheses about the discriminability of fMRI responses 
elicited from nearby neuronal populations and guide development of future advanced acquisition 
technologies. In this Investigators Meeting, we will present an overview of the multi-stage transferal 
proposed to adapt these models based on optical imaging data to explain functional MRI responses in 
human volunteers. We will also present the first results of our high-resolution 2D time-of-flight MRI 
developed for this goal to image pial vessel network on the cerebral cortical surface. 
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Sub-Millisecond Optically Triggered Compound Release to Study Real-Time Brain Activity 
Li, Xiuying; Black, Bryan; Mazhar, Khadijah; Price, Theodore; Pancrazio, Joseph; Qin, Zhenpeng 
Poster 128, Session 3 

Understanding how the brain controls behavior requires advanced tools to manipulate brain activity. 
Inspired by recent progress in optogenetics and caged compounds, the overall objective of our research 
seeks to develop a new set of tools that will allow localized and ultrafast control of brain activity to 
influence behavior in freely moving animals without genetic modification. Briefly, our new technique 
involves using light stimulation to rapidly release compounds that are encapsulated in tiny nanometer-
sized particles. As a first step, we demonstrated this capability using in vitro assays including regulating 
calcium signaling and neuron inhibition. Specifically, plasmonic gold-coated liposomes (i.e., plasmonic 
liposomes) consist of a liposomal core and a thin gold nanoparticle shell. Near-infrared laser pulse 
activates plasmonic liposomes to rapidly release the encapsulated compounds. Firstly, we observed that 
signal near-infrared laser irradiation triggers the release of fluorescent dye (calcein) from plasmonic 
liposomes within 0.1 ms, and the release is highly dependent on laser pulse number and energy. Secondly, 
we demonstrated that inositol triphosphate (IP3), an endogenous cell-signaling second messenger, can be 
packaged inside plasmonic liposomes and loaded into cells by endocytosis. Using near-infrared laser 
pulses to trigger IP3 release, we observed significant and transient increases in the cytosolic and nuclear 
calcium concentration in an energy-dependent manner. Lastly, we showed that gamma-aminobutyric acid 
(GABA), an inhibitory neurotransmitter, can be packaged inside plasmonic liposomes. Instant and 
reversible inhibition of neuron activity was observed upon near-infrared laser pulse irradiation of 
extracellular GABA-containing plasmonic liposomes. Compared with other techniques including caged 
compound, this ultrafast near-infrared light-driven molecular release method is easily adaptable to deliver 
a wide range of bioactive molecules with an ultrafast optical switch, enabling new possibilities to 
investigate brain activities within individual neurons and neural networks. 

 

A Computational Neuroscience Framework for Olfactory Scene Analysis Within Complex Fluid 
Environments 
Reidenbach, Matthew; Ache, Barry; Principe, Jose 
Poster 132, Session 3 

Behavioral evidence from phylogenetically diverse animals and from humans suggests that, by extracting 
temporal information inherent in the olfactory signal, olfaction is more involved in interpreting space and 
time than previously imagined. If this is the case, the olfactory system must have neural mechanisms 
capable of encoding time at intervals relevant to the turbulent odor world in which many animals live. We 
provide evidence that animals can use populations of rhythmically active or “bursting” olfactory receptor 
neurons (bORNs) to extract and encode temporal information inherent in natural olfactory signals. We 
postulate that bORNs represent an unsuspected neural mechanism through which time can be accurately 
measured and that “smelling time” completes the requirements for true olfactory scene analysis. Once 
these findings are developed, we will use them, along with turbulent flow theory and machine learning, to 
develop new neurobiology-based algorithms to enhance search strategies within human-engineered 
autonomous underwater vehicles.  
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Behavioral Readout of Spatiotemporal Codes Dissected by Holographic Optogenetics 
Gill, Jonathan; Lerman, Gilad; Chong, Edmund; Swanson, Rachel; Shoham, Shy; Rinberg, Dmitry 
Poster 134, Session 3 

The sensory world is internally represented by spatiotemporal activity patterns across different levels of 
the nervous system. Determining which aspects of this broad cacophony are the salient features read by 
downstream circuits to guide behavior is best addressed by manipulating the activity while monitoring the 
behavioral readout. Olfaction is emerging as an ideal system for investigating spatiotemporal coding, 
where recent studies have revealed that fine temporal scales are essential to olfactory information 
processing, in terms of both representation and the behavioral readout. 

Here, we report on the development of advanced holographic optogenetics technology for the flexible 
manipulation of spatiotemporal firing and its application within the context of early olfaction. We present 
(1) our unique multi-scale approach to interrogate the system at different levels, (2) the control and 
analysis pipeline, (3) results of a screen through candidate combinations of optogenetic probes and 
indicators in the context of the olfactory bulb, and (3) parametric optimization of neuronal responses to 
holographically patterned two-photon stimulation using both empirical and computational approaches. 

We will discuss early lessons learned from patterned stimulation experiments for modulating olfactory 
behavior, as well as some thoughts about how to best approach the problem of circuit dissection while 
avoiding potential pitfalls. 

 

Toward Spatiotemporal Control of Large Neural Networks Using High-Dimensional Optimization 
Ching, ShiNung; Li, Jr-Shin; Ritt, Jason 
Poster 136, Session 3 

Despite extraordinary recent technological advances, neurostimulation remains largely limited to scales of 
small numbers of neurons, when precise targeting of cells or spike patterns is desired, or of larger 
ensembles, but for non-specific bulk perturbation, such as in deep brain stimulation. In systems 
engineering, control is understood as not simply bulk activation but as the targeted manipulation of a 
dynamical system subject to an explicit objective function, which measures discrepancy between desired 
and achieved states. A major obstacle to a transition from stimulation to principled control is the scale and 
dynamical complexity of the brain. Far more than in previously engineered systems, uncertainty in 
structure, parameters, and extrinsic noise is pervasive, and, even with advanced technologies on the 
horizon, the theory must contend with harsh limits to how many neurons can be independently measured 
and manipulated at a time. 

We seek an integrated approach that bridges modern control theory with computational neuroscience and 
in vivo neurophysiology. Initial development of our high-dimensional optimization methods for neural 
control has revealed a promising direction, in the form of network-like controllers that do not rely on an 
internal model of the target circuit. We have tested initial designs in simulation, and enhancements to 
include additional biophysical detail will constitute a major thrust over the coming year. Our control 
approach necessarily exploits heterogeneity across the ensemble of neurons to be controlled. In recordings 
from mouse somatosensory cortex, we have begun estimating empirical parameter heterogeneity as it 
applies to control design, as distinct from biophysical parameters. Early results suggest a distribution of 
parameters qualitatively consistent with our model assumptions. Taken together, these results are step 
toward a unified systems-theoretic framework for optimal control of dynamics in large neuronal 
networks.  
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Genetic Tools and Imaging of Cholinergic Engrams of Anxiety 
Role, Lorna; Talmage, David; Gao, Liang; Picciotto, Marina 
Poster 138, Session 3 

Our BRAIN Initiative proposal is to develop new genetic tools and advance current imaging technology 
for rapid, high-resolution, large-sample mapping of behavior-specific memory engrams. Tool 
development is pursued in the context of determining the role of cholinergic signaling in networks that 
underlie anxiety behaviors. Basal forebrain cholinergic neurons that display suprathreshold activation 
during recall of anxiety-induced behaviors are defined as enrolled in the memory engram (Eng+). We 
propose to advance two aspects of genetic activity mapping to track the extent to which cholinergic 
signaling is engaged by recall of an anxiety-provoking experience in the mouse. Eng+ neurons will be 
mapped by genetically tagging activated cholinergic neurons and their projections from the basal 
forebrain to cingulate and prefrontal cortices as well as to hippocampal and amygdala regions that are 
implicated in anxiety-related behavior. 

 

Modular Nanophotonic Probes for Dense Neural Recording at Single-Cell Resolution 
Roukes, Michael; Shepard, Kenneth; Tolias, Andreas 
Poster 140, Session 3 

We are pursuing a novel paradigm for functional optical imaging that circumvents the short optical 
penetration depths in brain tissue that severely limit all free-space optical methods. It permits functional 
imaging with cellular resolution in highly scattering brain tissue, enables complete coverage of all 
neurons within a target volume, and has long-term prospects for human applications. Our approach, 
which we term integrated neurophotonics, is based on implanting and distributing a dense 3-D lattice of 
emitter and detector pixels within the brain itself. These pixel arrays are embedded onto neurophotonic 
probes, realized as implantable, ultra-narrow shanks that leverage recent advances in both integrated 
nanophotonics and our silicon multi-site neural probes for electrophysiology. Used with functional optical 
reporters (e.g., GCaMP6), one 25-shank probe module will ultimately be capable of recording the activity 
of all neurons within a 1-mm3 volume (~100,000 neurons) with single-cell resolution. The methodology is 
scalable; multiple modules can be tiled to densely cover extended regions deep within the brain. It will 
ultimately permit simultaneous recording from millions of neurons at arbitrary positions and depths in the 
brain, to unveil the dynamics of complete neural networks, with single-cell resolution and cell-type 
specificity. Ultra-narrow neurophotonic probes will perturb brain tissue minimally, imposing negligible 
tissue displacement and minute local power dissipation. Importantly, they are readily producible through 
existing wafer-scale foundry (factory)–based methods and thus will be widely available for use by the 
community. We will present our progress to date in realizing this paradigm.  
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Effects of Transcranial Direct Current Stimulation (tDCS) on Human Regional Cerebral Blood 
Flow 
Schlaug, Gottfried; Zheng, Xin; Alsop, David C. 
Poster 144, Session 3 

Transcranial direct current stimulation (tDCS) can up- and down-regulate cortical excitability, depending 
on current direction; however, our abilities to measure brain-tissue effects of the stimulation and its after-
effects have been limited so far. We used regional cerebral blood flow (rCBF), a surrogate measure of 
brain activity, to examine regional brain-tissue and brain-network effects during and after tDCS. We 
varied the polarity (anodal and cathodal) as well as the current strength (0.8–2.0 mA) of the stimulation. 
Fourteen healthy subjects were randomized into receiving either anodal or cathodal stimulation (two 
subjects received both, 1 week apart) while undergoing arterial spin labeling (ASL) in the MRI scanner 
with an alternating off-on sampling paradigm. The stimulating, MRI-compatible electrode was placed 
over the right motor region and the reference electrode over the contralateral supraorbital region. Anodal 
stimulation induced a large increase (17.1%) in rCBF during stimulation, which returned to baseline after 
the current was turned off but exhibited an increase in rCBF again in the post-stimulation period. 
Cathodal stimulation induced a smaller increase (5.6%) during stimulation, a significant decrease 
compared to baseline (‒6.5%) after cessation, and a continued decrease in the post-stimulation period. 
These changes in rCBF were all significant when compared to the pre-stimulation baseline or to a control 
region. Furthermore, for anodal stimulation, there was a significant correlation between current strength 
and the increase in rCBF in the on-period relative to the pre-stimulation baseline. The differential rCBF 
after-effects of anodal (increase in resting state rCBF) and cathodal (decrease in resting state rCBF) tDCS 
support findings of behavioral and cognitive after-effects after cathodal and anodal tDCS. We also 
showed that tDCS modulates activity not only in the brain region directly underlying the stimulating 
electrode but also in a network of brain regions that are functionally related to the stimulated area. 
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Large-Scale, High-Density Polymer Neural Probe Arrays 
Scholten, Kee; Yoo, James; Weltman, Ahuva; Meng, Ellis 
Poster 146, Session 3 

Reliable chronic electrophysiological recordings remain elusive due to persistent biological failure 
affecting the electrode–tissue interface. While large-scale recordings (>100 channels) have been 
demonstrated using microwire and silicon-based intracortical electrodes, over time the stiff composition 
of such devices damages soft neural tissue, contributing to chronic immune response and eventual glial 
encapsulation. The use of soft polymers in place of stiff metal or silicon reduces the mechanical mismatch 
by two orders of magnitude. However, polymer neural probe technology has lagged behind that of silicon 
in electrode density per shank and integration with microelectronic circuitry. 

Through advances in polymer micromachining, we have demonstrated multi-electrode probes and probe 
arrays comprising thin shanks of poly(para-chloro-xylylene) (Parylene C) integrated with as many as 64 
platinum recording sites. These devices have been successfully deployed for cortical and hippocampal 
recordings with minimal immune response, owing to the thin, flexible substrate and a novel insertion 
method that obviates the need for bulky insertion shuttles or stiffening agents. By adapting high-
resolution lithography techniques to Parylene C substrates, we have shown further improvements in 
electrode density by reducing interconnect pitch to submicron widths.  

We propose the development of large-scale, high-density arrays of polymer-based neural probes for 
chronic large-scale recording of neural activity. This effort will entail advances in probe design and 
fabrication, including integration of application-specific integrated circuitry (ASIC) for on-board signal 
multiplexing. Specific aims entail (1) fabrication of high-density Parylene-based neural probe arrays; (2) 
integration of multiplexing ASICs for electrical packaging; and (3) in vivo evaluation with chronic 
hippocampal recordings. The expected outcome of this work is a practical polymer probe system for 
large-scale chronic monitoring of neural activity, with bandwidth comparable to state-of-the-art silicon 
devices (64 electrode sites per shank, as many as 4,096 sites per 8 × 8 array), and demonstration of 
electrophysiological recordings in rats.  
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Spatially Controlled In Vivo Optogenetic Light Stimulation and Recording via Imaging Fiber 
Bundles 
Sengupta, Parijat; Suárez, Javier I.; Mun, Jonathan Guo-Han; Rhodes, Justin; Boppart, Stephen A. 
Poster 148, Session 3 

Optogenetics permitted development of new approaches toward improving our understanding of basic 
neuro-physiological principles. Much research in optogenetics has been focused in using molecular 
biology techniques to modify opsins. Only a few have investigated control of neuronal output by 
modifying the optical properties of the light stimulus. Currently, a primary method for in vivo light 
delivery is via a single multimode fiber that diffuses light over a large area of the brain and relies on the 
spatial distribution of transfected light-sensitive neurons for targeted control. For our investigations, we 
used an imaging fiber bundle (Schott) containing 4,500 individual fibers, each with a size of 7.5 µm, and 
an outer bundle diameter of 530 µm. The use of this fiber bundle, in contrast to a single multimode fiber, 
allows for individually addressable fibers, spatial selectivity at the stimulus site, more precise control of 
light delivery, and full field-of-view imaging and/or optical recordings of individual neurons in local 
neural circuits. An objective coupled the laser sources for stimulation and imaging into the fiber bundle, 
while a set of scanning mirrors were used to couple the light stimulus to distinct fibers within the imaging 
fiber bundle. We used GCaMP6s transgenic mice (Jackson Labs) in our study. These mice were virally 
transfected with neuronal C1V1 tagged with mCherry (Addgene). Stimulation of the optogenetically 
modified neurons was done via a continuous-wave 561 nm laser source (Coherent), while imaging was 
done through single-photon excitation with a cw 488 nm laser source (Coherent). Optical response was 
measured using a fast low light–sensitive camera (Andor iXion). Our results demonstrate that imaging 
fiber bundles provide increased control of spatial selectivity of light delivery to specific neurons. This 
increased selectivity of specific neurons will help elucidate connectivity and functionality of more 
complex neuronal circuits. 

 

Distribution of Content in Recently Viewed Scenes Whitens Perception 
Shafto, Patrick; Schweinhart, April; Essock, Ed 
Poster 150, Session 3 

Anisotropies in visual perception have often been presumed to reflect an evolutionary adaptation to an 
environment with a particular anisotropy. Here we adapt observers to globally atypical environments 
presented in virtual reality to assess the malleability of this well-known perceptual anisotropy. Results 
showed that the typical bias in orientation perception was in fact altered as a result of recent experience. 
Application of Bayesian modeling indicates that these global changes of the recently viewed environment 
implicate a Bayesian prior matched to the recently experienced environment. These results suggest that 
biases in orientation perception are fluid and predictable and that humans adapt to orientation biases in 
their visual environment “on the fly” to optimize perceptual encoding of content in the recently viewed 
visual world.  



 

 
178 

 

Near-Infrared Genetically Encoded Voltage Indicators (NIR-GEVIs) for All-Optical 
Electrophysiology (AOE) 
Shcherbakova, Daria; Matlashov, Mikhail; Song, Chenchen; Antic, Srdjan; Verkhusha, Vladislav; 
Knopfel, Thomas 
Poster 152, Session 3 

Attaining effective optical modulation and readout of neuronal circuit activities has been a longstanding 
goal in neuroscience and is a key near-term aim of the BRAIN Initiative. Such neurotechnology is 
required to decipher how the brain’s electrical signals relate to perceptual, cognitive, emotional, and 
motor functions. During recent years, the use of genetically encoded (optogenetic) actuators such as 
channelrhodopsin has become overwhelmingly successful. Light-based readout of circuit activities using 
voltage-sensitive dyes has contributed much to our understanding of brain physiology, but the broad 
experimental use of these small molecule dyes suffers from several limitations, including invasive 
staining procedures, pharmacological side effects, and blindness toward cellular diversity. These three 
limitations have been overcome by the recent invention of genetically encoded voltage indicators 
(GEVIs). Although in many aspects superior to classical voltage-sensitive dyes, GEVIs have not yet been 
satisfactorily optimized, and their combination with optogenetic modulation has been difficult to achieve 
in practice. One major obstacle is the overlap of the spectral bands of light used to activate opsin-based 
actuators and, at the same time, excite and image available GEVIs. What are required to overcome this 
hurdle are well-performing far-red GEVIs that can be orthogonally combined with blue light–activated 
opsin-based actuators. We propose to use novel near-infrared (NIR) bacteriophytochrome-based 
fluorescent proteins (FPs) to generate a new class of GEVIs that both are excited and fluoresce in the NIR 
spectrum, building on our expertise to generate GEVIs using GFP-like FPs. We plan to combine these 
NIR-GEVIs with blue light–activated excitatory and inhibitory opsins, to enable an optical approach that 
expands classical microelectrode-based intracellular single-cell current-clamp recordings to large 
numbers of genetically defined neurons in awake mice. Transgenic mice in which this tool can be 
activated via Cre recombinase–expressing driver mouse lines will be one of our key deliverables. 
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Chemogenetic Dissection of Neuronal and Astrocytic Compartment of the BOLD Signal 
Shih, Yen-Yu Ian 
Poster 154, Session 3 

Blood-oxygenation-level-dependent functional magnetic resonance imaging (BOLD fMRI) is widely used
for functional brain mapping. While BOLD serves as an indirect proxy for neuronal activity, the cellular 
and molecular mechanisms underlying the BOLD signal remain poorly understood. Among various brain 
cells, astrocytes are central in neurovascular coupling due to their unique anatomical placement between 
neurons and blood vessels and their ability to release vasoactive factors downstream of G-protein-coupled 
receptor (GPCR) signaling pathways. Recent studies selectively modulating astrocytic Gq-GPCR 
signaling have challenged the involvement of astrocytes in neurovascular coupling, hinting at the 
possibility of unexplored roles in other GPCR signaling pathways. This controversy and insufficient data, 
paired with the difficulty to selectively control cellular signaling during fMRI, have impeded our 
understanding of the biology behind BOLD.  

By utilizing novel chemogenetic tools—namely, Designer Receptors Exclusively Activated by Designer 
Drugs (DREADDs)—to selectively manipulate neuronal activity and different astrocytic GPCR signaling 
cascades (i.e., Gq, Gs, and Gi) during multimodal fMRI, we will empirically define the fractional 
contribution of neurons and astrocytic GPCRs to BOLD, thus developing a more complete model of the 
BOLD signal. We expect that the information gathered in these studies can clarify a crucial link to 
improve our understanding of how specific cellular processes generate the macroscopic changes in the 
BOLD signal. Specifically, we propose to address the following questions: (1) How can selective 
recruitment of specific astrocytic GPCR signaling pathways contribute to BOLD? (2) Can BOLD be 
generated in brain regions with evoked neuronal activation and silenced astrocytes? (3) Can regional 
activation of astrocytes elicit BOLD without the involvement of neurons? (4) Why is BOLD altered in 
diseases characterized by neuroinflammation?  
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Characterizing Longitudinal Morphometric Brain Changes in Asymptomatic At-Risk Preclinical 
AD Individuals 
Kim, Hyunwoo J.; Adluru, Nagesh; Johnson, Sterling C.; Singh, Vikas 
Poster 156, Session 3 

Background: The ability to quantitatively characterize incipient Alzheimer’s disease (AD) pathology in its 
preclinical stage is a critical step for early interventions involving disease-modifying therapy and for 
designing efficient clinical trials to test therapy efficacy. We propose image analysis algorithms for 
identifying the relationship of morphometric changes in this early stage with direct indicators of AD 
pathology (amyloid deposition) and risk factors such as family history in late midlife adults who are 
cognitively healthy. Typically, statistical hypothesis testing is applied to a scalar representation, so-called 
Jacobian determinant (JD), obtained from longitudinal image warps. However, this is not suitable when 
the group difference is subtle, as in the preclinical stage of AD. 

Methods: We introduce a framework to help elucidate how clinical-cognitive-imaging AD phenotypes 
emerge in asymptomatic individuals at risk for AD. Using deformation/warp fields comprised of Cauchy 
deformation tensors (CDTs), the core of our analyses is a set of algorithms that allow operating directly 
on powerful “manifold-valued” representations of morphometric change and consequently yield high 
sensitivity in picking up real but statistically weak patterns of the disease process. 

Results: We demonstrate two preliminary experimental results. (1) Using Cramer’s test, we obtain 
differences between PiB+ and PiB‒ using longitudinal morphometric deformations/changes. (2) Using 
our new manifold multivariate general linear model (mMGLM), we detect associations (at p < 0.05) 
between amyloid burden and longitudinal morphometric changes. Comparison with the classical 
multivariate general linear model (MGLM) shows significant improvements. Our results clearly show that 
manifold-valued representations/algorithms are more sensitive. 

Conclusions: We introduce a novel framework that examines the morphometric change of brains in the 
preclinical stage with rigorous algorithms that are directly applicable to manifold-valued representation. 
Our results show that our framework is more effective to identify subtle variations between patient groups 
in preclinical stages.  
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Toward a Complete Description of the Circuitry Underlying Memory Replay 
Losonczy, Attila; Buzsaki, Gyorgy; Lisman, John; Soltesz, Ivan 
Poster 158, Session 3 

In this BRAIN project (UO1NS090583), we aim to understand how the hippocampus generates sharp 
wave ripples (SWRs), which are synchronous population events of great interest because of their 
cognitive function: They represent replay of episodic memory sequences and are required for subsequent 
memory recall. During the last year, we advanced our understanding of whether and how dentate granule 
cells (GCs) contribute to neuronal sequence generation. In addition, we measured and correlated 
dynamics of individual cells with population dynamics and showed that dendritic calcium signaling is 
significantly modulated by the animal’s behavioral state during exploration tasks on a cue-rich linear 
treadmill. In addition, sequential neural firing patterns during hippocampal SWR events are thought to be 
associated with previous experiences (“replay”) and contribute to the consolidation of episodic memories. 
We have also developed a theoretical model that provides possible explanations of how sequence 
information is stored. In a further effort to understand hippocampal information processing, we developed 
a novel computational model of the nonlinear interactions between anatomically and functionally 
segregated inputs onto dendrites of pyramidal cells in hippocampal areas CA3 and CA1. This model 
demonstrated that nonlinear dendritic input processing enhances the capacity to store and retrieve large 
numbers of similar memories. Finally, to synthesize the experimental results of our studies of 
hippocampal oscillations and bridge them with theory, we are developing biologically constrained full-
scale models of the DG, CA1, and CA3 networks. Our simulations reveal new insights into the 
spatiotemporal organization of the CA1 circuit during different oscillatory regimes, including SWRs. 
Full-scale, data-driven models of the dentate-CA3-CA1 circuit provide a freely shared, widely applicable 
framework for understanding hippocampal network dynamics and information processing. 

 

Modeling the Impact of Magnetic Fields on Injected Currents in the Brain 
Sprachman, Melissa; Freeman, Daniel 
Poster 160, Session 3 

In order to evaluate the technical feasibility of using magnetic fields to focus current through the brain, 
we built and simulated a finite-element model in COMSOL. First, a basic 2-D model was implemented in 
order to estimate the extent to which current spreads out through a conductive medium in the absence of 
an applied magnetic field. Next, the use of a 3-D model was found to be necessary to incorporate the 
magnetic force, because the direction of this force is perpendicular to both the velocity of the particle and 
the applied field. The simulations indicated that the magnetic fields necessary to steer current were 
impractically high (>1 MT). However, because the model includes certain underlying assumptions about 
ion velocity, we plan to pursue experimental testing in a high-field environment (3T MRI) in a phantom 
to determine whether current density is influenced by the applied field.  
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Next-Generation Neural Data Analysis (NGNDA) Platform: Massive Parallel Analysis of Multi-
Modal Brain Networks 
Stamoulis, Catherine; Potemi, Raffaele 
Poster 162, Session 3 

Unprecedented technological advances over the last decade have facilitated investigation of the brain at 
exquisite levels of spatial-temporal detail. Ambitious goals of large-scale efforts, including those 
supported by the BRAIN Initiative, include simultaneously measuring from thousands of neurons for long 
periods of time and generating very high–resolution images of the brain and its activity. However, 
enormous volumes of data will be produced by these technologies, and grand-scale analyses of these large 
datasets are virtually impossible to accomplish with currently available computational tools. This project 
is focused on addressing a number of these computational limitations by developing a novel and broadly 
accessible Next-Generation Neural Data Analysis (NGNDA) platform to analyze and integrate large 
volumes of heterogeneous brain data. The ultimate goal is to understand not only the healthy brain but 
also complex diseases and disorders that are affecting progressively larger populations, resulting in 
enormous socioeconomic costs. This project therefore aligns with the NSF mission to promote the 
progress of science and to advance the national health, prosperity, and welfare. 

This project is a pioneer effort to develop a new computational infrastructure, NGNDA, which will be 
specifically designed for collaborative research, to facilitate grand-scale analysis, simulation, and 
modeling of brain connectomes across species. The overarching goal is to develop the means for 
intelligent parallel processing of big neural data, and efficient estimation of connectomes across scales of 
neural organization, via implementation of innovative algorithms and dynamic leveraging and integrating 
of shared institutional and national high-performance computing (HPC) resources. NGNDA aims to 
facilitate a “convergence” approach to neuroscience research whereby expertise and insights from distinct 
disciplines are merged with cutting-edge resources and tools for a comprehensive investigation of the 
brain. The NGNDA computational infrastructure will be accessible to thousands of users, and all its 
algorithms and validation data will be freely available to the community, and NGNDA may also 
eventually serve as a novel e-learning platform for multifaceted collaborative learning and education of 
next-generation neuroscientists. NGNDA will also facilitate testing the reproducibility and generalization 
of research findings.  
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A Unified Computational Framework for Analysis, Storage, and Visualization of 3D Brain 
Microscopy Data 
Stein, Jason; Wu, Guorong; Ghukasyan, Vladimir; Conway, Mike; Scott, Erik; Fragola, Giulia; Zylka, 
Mark; Philpot, Ben; Stuber, Garret; Krishnamurthy, Ashok 
Poster 164, Session 3 

Our understanding of nervous system function is critically dependent on visualizing the three-dimensional 
structure of the brain. However, large computational challenges exist in sharing, analyzing, and 
visualizing these information-dense datasets in a standardized manner across multiple labs. There is a 
critical need and current lack of computational tools and infrastructure to handle this large data, including 
(1) accurately segmenting the images to quantify the number of labeled cells within individual regions of 
the brain; (2) efficiently storing and sharing these large images so that multiple labs can test different 
biological hypotheses and advance segmentation and registration algorithms; and (3) interactively 
visualizing the data in novel ways to gain insight into the three-dimensional structure of the brain. Here 
we propose to develop a unified and highly scalable computational framework that can be harnessed by 
the neuroscience community. We are developing a cyberinfrastructure (CI) for the distributed storage, 
sharing, and analysis of high-dimensional images, using existing tools built around the integrated Rule-
Oriented Data System (iRODS) and the CyVerse Discovery Environment. The CI will enable individual 
labs to access and process each other’s images without time-consuming transfer of the original images. 
Also, we are developing high-throughput computational tools for quantitative analysis of brain structure 
by modifying previously developed landmark registration and machine-learning algorithms for 
microscopy data and implementing them as processing tools within the CI. We are developing tools to 
integrate segmented images with a virtual reality tool so that users can view large segmented 3D images. 
And finally, we will demonstrate the utility of these tools by applying them to the analysis, sharing, and 
visualization of brain structure deficits in an autism mouse model. 

 

A Photoconvertible Genetically Encoded Glutamate Indicator for Neuronal Imaging 
Tian, Lin; Papadopoulos, Stelios; Dong, Jason; Lambert, Jason; Zito, Karen 
Poster 166, Session 3 

Synaptic transmission is a critical event of information processing in the brain. In particular, the specific 
patterns of neural activity at individual synapses can drive the growth, stabilization, and elimination of 
synaptic connections. However, how complex patterns of neural activity at multiple synapses interact to 
drive changes in circuit connectivity remains poorly defined. Recently, improved genetically encoded 
indicators of neuronal activity have allowed for functional measurements through optical recordings of 
calcium, glutamate, and voltage. These applications have significantly advanced the field of systems 
neuroscience by permitting optical recordings in specific subpopulations of neurons; however, they don’t 
provide information to link the activity to the structural changes. Here we developed a new class of 
photoconvertible genetically encoded glutamate indicator that would enable one to specifically record 
glutamate activity in subcellular compartments, such as single spines and axonal termini within the 
densely labeled neurons. We demonstrate the utility of this new glutamate indicator in cells and rat 
hippocampal neurons. We expect that our design strategy can be applied to other types of 
neurotransmitter sensors in the pipeline to allow multiplex imaging of synapses.  
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IntraCortical Visual Prosthesis: The Clinical Trial 
Troyk, Philip; Cogan, Stuart; Lane, Frank; DeMichele, Glenn; Bak, Martin; Dagnelie, Gislin; Szlyk, 
Janet; Towle, Vernon 
Poster 168, Session 3 

For the past 15 years, the Illinois Institute of Technology (IIT) has led a team-based IntraCortical Visual 
Prosthesis (ICVP) project, consisting of multiple institutions and companies, to develop the ICVP, for 
which miniature wireless 16-channel stimulation modules are implanted into the occipital lobe for the 
purpose of providing visual perception to people with blindness. Our basis for this project is that the 
ICVP is technically and surgically feasible; non-human testing has reached an asymptotic limitation; 
volunteer participation in an ICVP trial has a sufficient likelihood of providing sensory, perceptual, and 
psychological benefits to warrant human testing; and our established ICVP team is prepared to proceed to 
a first human clinical trial. The proposed project will use an already well-established project team, 
consisting of researchers from seven institutions: Illinois Institute of Technology; University of Chicago; 
Johns Hopkins University; University of Texas, Dallas; Sigenics, Inc.; MicroProbes for Life Science; and 
the Chicago Lighthouse for People Who Are Blind or Visually Impaired. The goal of this 5-year 
UG3/UH3 project is to clinically test the ICVP under an FDA-approved Early Feasibility Study and 
address both health and quality-of-life issues, because, without some compensatory strategy for vision 
loss, more than two thirds of individuals with blindness are not gainfully employed, they experience 
higher rates of depression and social isolation, and they experience a reduced quality of life. 

 

Miniature, Integrated, and Mass-Producible Fluorescence Microscopes for In Vivo Brain Imaging 
in Freely Behaving Rodents 
Ghosh, Kunal; Otte, Stephani; Chieh, Shung; Visscher, Koen 
Poster 172, Session 3 

There is a rising emphasis today on the role of neural circuitry in neuropsychiatric disease. However, we 
still lack crucial knowledge of both normal patterns of neural activity and how these patterns go awry in 
disease. Fluorescence microscopy holds key advantages for tracking neural activity, offering the 
spatiotemporal resolution needed for imaging the brain’s cellular dynamics. However, it neither permits 
studies in freely behaving mice nor is it scalable for studies of large numbers of animal subjects. Inscopix, 
Inc., has commercialized patented miniature, integrated fluorescence microscopes—imaging technology 
that helps neuroscientists visualize neural circuit dynamics in awake, behaving mice and rats. Inscopix 
has developed miniaturized high-performance microscopes that are robust and part of a user-friendly end-
to-end solution for in vivo brain imaging in freely behaving rodents. The Inscopix nVista solution, which 
fully supports the scientist from animal model to data analysis, has already been adopted in more than 150 
laboratories worldwide and has resulted in more than 20 publications providing novel insights into 
pressing modern-day neuroscience and neurological questions, while also setting the stage for novel 
translational diagnostic and therapeutic approaches toward neuropsychiatric and neurological disease. 
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Noninvasive Modulation of Human Memory Networks 
Voss, Joel 
Poster 174, Session 3 

Episodic memory has been associated with interactions among a distributed set of brain regions forming a 
hippocampal-cortical network. This network is disrupted in a variety of neurological and neuropsychiatric 
conditions that have memory impairment as a symptom. I will describe my laboratory’s efforts to target 
and manipulate portions of this network using noninvasive electromagnetic stimulation and the approach 
that we will take to optimize network manipulation under this new BRAIN Initiative award. We have 
shown that multiple-day, network-targeted, repetitive transcranial magnetic stimulation (rTMS) can 
produce lasting enhancements of network functional MRI connectivity and episodic memory 
performance. These changes are robust 24 hours after the final rTMS session and persist in weakened 
form for up to 2 weeks. Furthermore, rTMS-induced changes are highly specific to targeted portions of 
the hippocampal-cortical network defined a priori on anatomical grounds. Improvements in episodic 
memory performance also occur with enhanced neural correlates of recollective retrieval, suggesting 
relative specificity of stimulation effects on the targeted posterior portions of the hippocampal-cortical 
network that are more heavily implicated in recollective than familiarity-based memory retrieval. 
Targeted noninvasive stimulation of hippocampal-cortical networks is a promising approach for studying 
involvement of hippocampal-cortical networks in memory that could have significant impact on 
impairments of memory in a variety of disorders. I will describe new data that motivate our focus on 
testing specific stimulation parameters, including intensity/duration, frequency, and stimulation context, 
as part of this new BRAIN Initiative project.  
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Rapid Electrode Multiplexing for Scalable Neural Recording 
Sharma, Mohit; Gardner, Avery; Silver, Jason; Walker, Ross 
Poster 176, Session 3 

Large-scale recording of neural signals is essential for gaining a better understanding of the elaborate, 
dynamic picture of the brain that emerges from interactions involving individual cells and complex neural 
circuits. Over the past few decades, extracellular neural recording capabilities have progressed from 
single-unit in vitro recordings to simultaneous monitoring of the activity of about 100 neurons in vivo. 
Currently, microwire and microfabricated silicon neural probes are capable of sensing the activity of 
hundreds of neurons. Miniaturized recording systems based on CMOS integrated circuits (ASICs) have 
been developed that can record 16–100 neurons simultaneously, and these chips are no bigger than a 
postage stamp. The miniaturization of these recording circuits, however, has not kept pace with advances 
in neural probe technology. 

To access 1,000+ channels of neural activity, surgical implications require aggressively miniaturized 
fully implantable recording ASICs, and signals must be multiplexed to reduce percutaneous wire counts. 
Given the miniscule dimensions constraining implantable devices, existing IC designs cannot be simply 
“copy/pasted” to scale to orders of magnitude higher channel counts. The neuroscience community 
greatly needs a rapidly multiplexed circuit architecture in which the analog interfaces are shared by many 
recording sites, enabling orders of magnitude smaller area per channel. 

The overall objective of the research is to develop a prototype of a recording circuit that, when scaled, 
will be capable of acquiring and processing the electrical activity of 1,000+ individual neurons, in a form 
factor compatible with state-of-the-art neural probes. The project will also collect in vivo microelectrode 
characterization data to support this new class of ASICs. Comprehensive electrode characterization, along 
with measurements of the new circuit architecture, will allow designers to rethink traditional neural 
recording methodologies. 

 

Deep Brain Photoacoustic Tomography at Single-Neuron Resolution Using Arrays of Photonic 
Emitters and High-Frequency Ultrasound Transducers 
Li, Lei; Zhu, Liren; Wang, Lihong V.; Segev, Eran; Moreaux, Laurent; Roukes, Michael; Da Costa, Tiago 
Miguel Lopes Marta; Shepard, Kenneth 
Poster 178, Session 3 

The objective of the proposed three-year research project is to develop high-speed, high-spatial-
resolution, deep-penetration photoacoustic computed tomography (PACT) for real-time imaging of neuro-
activities in mouse brains in vivo. The proposed hardware imaging system will be unprecedented in the 
field of PACT in terms of its volumetric rate and spatial resolving power, which benefit from the use of 
the largest ever number of sensing elements with one-to-one mapped digitization channels. In comparison 
to existing high-resolution optical neuroimaging modalities, such as two-photon microscopy, the 
proposed system will provide deeper penetration and higher volumetric imaging speed for whole-mouse 
brain imaging. The specific aims include: 

1. Develop implantable photonic probes with arrays of photonic emitters. 

2. Develop high-frequency ultrasonic transducer arrays for PACT.  

3. Develop deep brain high-frequency PACT.  

4. Use PACT to image neuro-activities in mouse brains in vivo.  
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Acoustoelectric Brain Imaging of Deep Dipole Sources in a Human Head Phantom 
Witte, Russell S.; Qin, Yexian; Ingram, Charles P.; Burton, Alex; Tseng, Andy; Hill, Daniel; Wilhite, 
Cameron; Falk, Torsten; Xu, Zhen; O’Donnell, Matt; Cowen, Stephen 
Poster 186, Session 3 

We exploit the acoustoelectric (AE) effect, a physical interaction between a pressure wave and material 
resistivity, to map current densities in tissue at high spatial resolution. 4D acoustoelectric brain imaging 
(ABI) is potentially a noninvasive and real-time modality that spatially confines the electrical 
measurement to the ultrasound focus. The greatest challenge is remote detection of the weak AE 
interaction signal at physiologic currents at safe ultrasound levels. The first year of the planning grant has 
focused on developing tools and techniques for testing and optimizing ABI in preparation for proof-of-
concept live animal studies. This poster will describe our most recent accomplishments, including 
experiments in a human head and brain phantom with embedded EEG-like current sources. A 1 MHz 
single element or 3 MHz linear ultrasound array was used for ABI studies in the head phantom with skull 
cap removed. Artificial EEG signals were delivered through platinum electrodes embedded deep below 
the brain surface (conductive 1% agarose). A single recording electrode placed near the surface detected 
both the evoked EEG (<1 kHz) and AE interaction (>0.5 MHz) signals, which were separated, filtered, 
and amplified using a custom multichannel differential amplifier and acquisition system. ABI was able to 
detect a 1 mA/cm2 dipole at a depth of >25 mm and resolution of 0.9 mm (at 3 MHz and 4.9 MPa). We 
are also investigating novel approaches using pulse waveform engineering and ABI simulations to 
improve the sensitivity and spatial resolution of ABI. In parallel with the head phantom studies, we are 
integrating the ABI platform into an established rat model for recording evoked sources deep in the 
hippocampus. These live animal experiments will help compare/validate ABI with standard 
electrophysiology. Further optimization could enable detection of small neural currents and lead to a new 
modality for functional human brain imaging.  
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Imaging In Vivo Neurotransmitter Modulation of Brain Network Activity in Real Time 
Wong, Dean; Rahmim, Arman; Gjedde, Albert 
Poster 188, Session 3 

We measured several fluorescent and photoacoustic voltage-dependent outputs from voltage-sensitive 
dyes (VSDs) on neurons and membrane model systems. Four dyes with near-infrared emission depicted 
linear fluorescence responses to increasing excitation of cerebellar circuits in turtle preparations. A newly 
synthesized near-infrared photoacoustic (PA) VSD, PY6050, demonstrated PA signals sensitive to 
membrane potential in cell mimicking lipid vesicle phantoms; VSD response was further characterized 
via spectrophoto/fluorometric measurements. We measured PA signal increase in the range of 14%–23% 
and corresponding fluorescence emission reduction by 30%–48%. We also developed a theoretical model 
to predict expected inverse relationship of PA and fluorescence. A dual PA/fluorescence imaging system 
was developed to evaluate this reciprocal relation non-invasively on rodent models through intact skull. 

Progress in nanoparticle preparation of analogous dyes has been successful, with IR780 tested in rodent 
brain in vivo as a prelude to delivering these dyes into the cortex. We have formulated IR780-
encapsulated nanoparticles that possess a unique ability to efficiently penetrate the blood–brain barrier. 
We have confirmed that this brain-penetrating nanoparticle provides widespread distribution of IR780 
payloads in rat cortex following local infusion via convection-enhanced delivery. The distribution of the 
studied dye agent through the blood–brain barrier can be monitored through the rodent’s skull using our 
developed fluorescence imagery. We have begun studies for simultaneous fluorescence/PA detection and 
microdialysis following pharmacologic stimulation using NMDA inhibitors in the same rodent cortex, 
which would link neurotransmitter release to neuronal action. 

To quantitatively estimate the dye concentration in vivo using the fluorescence outputs measured via an 
imaging system, a compressive sensing–based reconstruction method was developed. Evaluation using 
simulation studies demonstrated improved performance using the proposed method compared to existing 
advanced reconstruction. The method is being adapted to an in-house imaging system. 

All these and emerging parallel processes allow us to externally image neuronal 
depolarization/neurochemical activity in the external rodent brain.  
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Potentiometric Photoacoustic Imaging of Brain Activity Enabled by Near Infrared to Visible Light 
Converting Nanoparticles 
Wang, Depeng; Wei, Wei; Xia, Jun; Prasad, Paras 
Poster 190, Session 3 

Our project aims to develop an up-converting photoacoustic technique for deep-tissue imaging of voltage-
sensitive dyes. To find out the optimum experimental settings, we have tested a variety of up-converting 
nanoparticles (UCNPs) and visible-light-absorbing dyes. We have drawn a few key conclusions from 
these experiments: (1) the visible dye molecules (voltage-sensitive) need to be in close proximity to the 
UCNPs to ensure efficient energy transfer of up-converted light to the dye; (2) to minimize the adverse 
effect of water absorption at 980 nm, we need to use an acoustic coupling medium, such as mineral oil, 
with weak absorption at 980 nm; and (3) a dye-sensitized UCNP will enhance the optical absorption (at 
800 nm) and subsequently improve the up-converting luminescence, thus creating an ultra-strong 
photoacoustic effect. The dye-sensitized UCNP works best with continuous-wave photoacoustic imaging. 
As for system development, we have designed and assembled a three-quarter ring transducer array system 
for brain imaging. The new array has 128 transducer elements, and each element is curved to form an 
elevation focus at 35 mm. Photoacoustic signals from all elements can be simultaneously digitized by a 
128-channel ultrasound data acquisition (DAQ) system. The system uses PCI express for fast data 
transferring, so that photoacoustic images can be reconstructed and displayed in real time. For ultra-high-
speed imaging, we can save results in the system buffer for post-processing. In that mode, we have 
verified that the system can operate at 1 kHz frame rate by using a diode-pumped 808 nm pulsed laser 
system. In addition to the ring array, we have also optimized a linear-array-based photoacoustic 
tomography system for three-dimensional brain imaging, using novel image reconstruction algorithms or 
acoustic focusing techniques. 

 

Non-Invasive Deep Tissue Optogenetic Activation with Time-Reversed Ultrasound-Encoded 
(TRUE) Optical Focusing 
Yang, Changhuei; Gradinaru, Viviana; Ruan, Haowen; Robinson, J. Elliott; Brake, Joshua 
Poster 192, Session 3 

Strong optical scattering of biological tissue confounds our ability to focus light deeply into the brain 
beyond a depth of a few hundred microns. Over the past decade, we have worked on using the time-
reversal symmetry of optical scattering as a direct strategy to “turn off” tissue scattering. In the recent 
past, we have demonstrated a time-reversed ultrasound-encoded (TRUE) optical focusing strategy based 
on the use of digital optical phase conjugation to flexibly and controllably deliver high optical power in ex 
vivo tissues. Our BRAIN Initiative project is aimed at using digital TRUE focusing to optogenetically 
manipulate neuronal activity deep in the brain with individual neuron resolution in vivo. The use of the 
digital TRUE focusing technique would enable the extension of optogenetic techniques to the deep brain 
for non-invasive, spatially specific excitation/inhibition. Over the past year, we have adapted the TRUE 
focusing to perform optogenetic manipulations in acute mouse brain slices of various thicknesses ex vivo 
at a wavelength of 532 nm. Although preliminary light-induced signals were measured from both 
excitatory (ChR2 and bReaChES) and inhibitory (eArch3.0) opsins through the TRUE focusing 
experiments, we still need to carry out rigorous control experiments to characterize the effect of TRUE 
focusing on the neuron stimulation. If confirmed, the TRUE focusing technique will represent a powerful 
enabling technology for optogenetics—potentially opening up new applications and new methods for 
optogenetics.  
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Massive-Scale Multi-Area Single Neuron Recordings to Reveal Circuits Underlying Short-Term 
Memory 
Yildirim, Murat; Goard, Michael; Rowlands, Christopher; Pho, Gerald; Huda, Rafiq; So, Peter; Sur, 
Mriganka 
Poster 194, Session 3 

Short-term memory is a fundamental cognitive process underlying an array of complex abilities, but its 
neural mechanism is not fully understood. Many brain regions are implicated in memory-guided 
decisions, including visual, association, and motor cortices as well as subcortical structures. However, it 
is not mechanistically understood what regions are involved when, what neuronal subsets are recruited 
within these regions, or how they interact to represent information relevant to behavior. Conventional 
two-photon imaging systems offer high-resolution imaging of the required brain regions, but the field of 
view is typically smaller than a cortical area in a mouse (e.g., primary visual cortex), which in turn 
inhibits the simultaneous measurement of neural activity in different brain regions. In this project, we aim 
to elucidate the role of specific cortical regions and neuronal subsets in a visually cued memory-guided 
discrimination task in order to understand the neural mechanism of short-term memory. For this purpose, 
we will perform very–large scale calcium imaging through two-photon microscopy in behaving mice to 
measure activity of thousands of neurons simultaneously across multiple brain regions. To obtain larger-
scale calcium imaging through two-photon microscopy, we have developed a novel system that includes 
non-descanned multifocal microscopy with a single photon counting camera, custom-made intermediate 
optics, and a custom-made objective and tube lens to preserve the signal-to-noise ratio and high resolution 
across the entire field of view. 

In parallel, we have designed and implemented three-photon microscopy to perform structural and 
functional imaging for discovering how task-relevant information is coded in deeper cortical layers and 
brain structures. We acquired an intrinsic third harmonic generation (THG) signal and three-photon 
fluorescence (3PEF) images. In these three-photon images, we can excite either green fluorescent protein 
(GFP) or green genetically-encoded calcium indicator (GCamp6s) in the whole visual cortex, external 
capsule, and hippocampal region.  
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Fiberless High-Density Optoelectrodes for Local Circuit Analysis 
Kampasi, Komal; Kim, Kanghwan; Seymour, John; Wise, Ken; Buzsaki, Gyorgy; Yoon, Euisik 
Poster 196, Session 3 

Analysis of dynamic relations in neural circuits can be effectively achieved by optogenetics by 
introducing photo-sensitive proteins (opsins) into specific cell types that respond to an optical stimulus 
with well-defined action potential patterns. Maximizing the potential of optogenetics requires optical 
manipulation of neurons at high spatial and temporal resolutions while simultaneously recording from 
those neurons. Especially, it is important to completely remove fiber connection in the optoelectrode to 
mitigate tethering problems for chronic experiments in behaving animals. We present two optoelectrode 
prototypes developed at Michigan. The first one is the fiberless optoelectrode with a monolithically 
integrated optical waveguide that can deliver multicolor light to the same neuronal population in vivo. We 
demonstrated successful device implementation by achieving efficient coupling between a side-emitting 
injection laser diode and a dielectric optical waveguide via a gradient-index lens. We validated the 
fabricated devices in the intact brain of mice co-expressing channelrhodopsin-2 and archaerhodopsin in 
pyramidal cells in the hippocampal CA1 region, achieving high-quality recording, activation, and 
silencing of the exact same neurons in a given local region. The second prototype is the highly scalable 
optoelectrode fabricated by directly integrating micro-LEDs onto silicon shanks. Each micro-LED and 
recording site has dimensions similar to a pyramidal neuron soma, providing confined emission and 
electrophysiological recording of action potentials and local field activity. We implanted the four-shank 
probes, each integrated with 12 micro-LEDs and 32 recording sites, into the CA1 pyramidal layer of 
freely moving mice. Spikes were robustly induced by 60 nW light power, and fast population oscillations 
were induced at the microwatt range. We achieved independent control of distinct cells ~50 microns apart 
and of differential somatodendritic compartments of single neurons. The scalability and spatiotemporal 
resolution of this monolithic optogenetic tool provides versatility and precision for cellular-level circuit 
analysis in deep structures of intact freely moving animals.  
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Single-Cell Methylome Sequencing of Identified Cortical Projection Cell Types 
Zhang, Zhuzhu; Kim, Euiseok J.; Ito-Cole, Tony; Nery, Joseph R.; Callaway, Edward M.; Ecker, Joseph 
R. 
Poster 198, Session 3 

Unlike in most parts of the body, where DNA methylation is mature at birth, in the mammalian cerebral 
cortex, DNA methylation increases over a protracted postnatal time period that mirrors the developmental 
timing of an expansion and then subsequent pruning of cortical connections. For example, individual 
neurons in the adult mouse primary visual cortex (V1) project to just one of nine adjacent visual cortical 
areas. This arrangement emerges from an initial configuration in which each V1 neuron projects to 
multiple areas. The subsequent rearrangement occurs through postnatal axonal pruning at the same time 
as the increase in DNA methylation. These observations suggest that postnatal epigenetic mechanisms 
play a role in matching gene expression to connectivity. This hypothesis predicts that V1 cells projecting 
to different visual cortical areas will differ in gene expression and methylation. To investigate our 
hypothesis, we injected retrogradely infecting virus that expresses Cre-recombinase into two distinct 
higher visual cortical areas of INTACT mice that have Cre-dependent expression of a nuclear envelope 
anchored GFP protein. Single nuclei of retrogradely infected cortico-cortical subtypes within V1 were 
subsequently isolated by fluorescence-activated cell sorting (FACS). We then performed single-cell 
methylome sequencing to characterize and compare their genome-wide DNA methylation profiles. Our 
preliminary results from unsupervised clustering suggest that these two groups of V1 cortico-cortical 
neurons have different non-CG methylation patterns. Such a correspondence between DNA methylation 
and projection target suggests that epigenetic mechanisms work in concert with activity and experience-
dependent rearrangements of connectivity to establish appropriate matching between genetically 
determined functional specializations and environmentally imposed responses to sensory stimuli. 
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