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ABSTRACTS 
 
Ed Boyden (MIT) 
Optical Tools for Analyzing and Repairing Complex Biological Systems 
  
To enable the understanding and repair of complex biological systems such as the brain, we are creating novel optical 
tools that enable molecular-resolution maps of large scale systems, as well as technologies for observing and 
controlling high-speed physiological dynamics in such systems.  First, we have developed a method for imaging large 
3-D specimens with nanoscale precision, by embedding them in a swellable polymer, homogenizing their mechanical 
properties, and exposing them to water – which causes them to expand isotropically manyfold. This method, which 
we call expansion microscopy (ExM), enables scalable, inexpensive diffraction-limited microscopes to do large-volume 
nanoscopy, in a multiplexed fashion – important, for example, for brain mapping.  Second, we have developed a set 
of genetically-encoded reagents, known as optogenetic tools, that when expressed in specific neurons, enable their 
electrical activities to be precisely driven or silenced in response to millisecond timescale pulses of light.  Finally, we 
are developing novel reagents, such as fluorescent voltage indicators, and systems, such as novel microscope 
architectures, to enable the imaging of fast physiological processes in 3-D with millisecond precision.  In this way we 
aim to enable the systematic mapping, control, and dynamical observation of complex biological systems like the 
brain. 
 
Marc Gershow (NYU) 
Recording Neural Activity in Unrestrained Animals with Three-Dimensional Tracking Two-Photon Microscopy 
 
Optical recordings of neural activity in behaving animals can reveal the neural correlates of decision making, but brain 
motion, which often accompanies behavior, compromises these measurements. Two-photon point-scanning 
microscopy is especially sensitive to motion artifacts, and two-photon recording of activity has required rigid coupling 
between the brain and microscope. We developed a two-photon tracking microscope with extremely low-latency (360 
μs) feedback implemented in hardware. This microscope can maintain continuous focus on neurons moving with 
velocities of 3 mm/s and accelerations of 1 m/s^2 both in-plane and axially. We recorded calcium dynamics of motor 
neurons and inter-neurons in unrestrained freely behaving fruit fly larvae, correlating neural activity with stimulus 
presentations and behavioral outputs, and we measured light-induced depolarization of a visual interneuron in a 
moving animal using a genetically encoded voltage indicator. Our technique can be extended to stabilize recordings 
in a variety of moving substrates. 
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Xue Han (Ph.D., Boston University, Biomedical Engineering Department) 
Optogenetic Analysis of Biological Neural Networks Across Scales 
 
 
Neurological and psychiatric disorders affect about one billion people worldwide, and cost over $2.5 billion annually. 
My lab is interested in understanding the neural circuit mechanisms of brain disorders, with the ultimate goal of 
deriving circuit principles for designing next generation neuromodulation therapies. In this talk, I will describe our 
recent effort on developing large scale, multi-color, calcium and voltage imaging techniques, which can be deployed 
in conjunction with precise optogenetic cell stimulation and silencing strategies. Additionally, I will describe novel 
microRNA based viral vector designs that allow targeted expression of optogenetic sensors and actuators to specific 
types of brain cells. These technology development efforts enabled us to examine circuit dynamics within the cortical-
basal ganglion networks that are relevant for Parkinson’s disease and deep brain stimulation therapies.  
 
Alan Jasanoff (MIT) 
New tools for brain-wide imaging with molecular fMRI 
  
Studying the integrated function of mammalian brains requires methods for probing neural function over large regions 
in deep tissue. An emerging strategy involves combining molecular probes with functional magnetic resonance 
imaging in an approach known as molecular fMRI. In this talk, I will describe several new tools for molecular fMRI, 
along with their initial application in rodent brains. I focus largely on imaging agents we have developed for measuring 
calcium signaling in opaque brains. Using these agents, we recently demonstrated for the first time the possibility of 
imaging both intracellular and extracellular calcium dynamics by fMRI. I will also introduce a novel approach that 
employs genetically encoded probes to report the activity of discrete cell populations by means of local changes in 
blood flow. By refining and applying these tools, we expect to gain insights into a wide range of neural phenomena. 
 
Scott Linderman (Columbia) 
Hierarchical recurrent models of neural activity and natural behavior 
 
New recording technologies are transforming neuroscience, allowing us to precisely quantify neural activity and 
natural behavior.   To realize the potential of these datasets, we need computational methods that can reveal 
simplifying structure in high dimensional neural and behavioral time series.  Our methods must balance two 
contrasting objectives: we seek interpretable representations of the data but also accurate predictive models. I will 
present recent progress toward these goals with hierarchical, recurrent state space models, and show example 
applications in larval zebrafish and C. elegans.  In both examples, we blend structured, hierarchical models for 
representation learning with powerful predictive tools, like convolutional and recurrent neural networks.  Alongside 
these examples, I will discuss the Bayesian inference algorithms necessary to fit these models at scale.  Finally, I will 
conclude with an outlook for how these models can be grounded in theory, offering a path toward a more mechanistic 
understanding of neural computation and the behavior it produces.   
 
  



Drew Robson (Rowland Institute) 
Pan-neuronal imaging of feeding and reward circuitry in freely swimming larval zebrafish with a high-speed 
tracking microscope 
 
Cellular resolution calcium imaging typically requires an animal to be tethered under a microscope, significantly 
restricting the range of behaviors that can be studied. To expand the behavioral repertoire amenable to imaging, we 
have developed a microscope system that enables whole brain calcium imaging in freely swimming larval zebrafish. 
We use high speed infrared imaging to track the target animal while it moves freely in a 50 mm circular arena, more 
than 12 times the body length of the animal. Based on the predicted trajectory of the brain, we apply optimal control 
theory to a motorized stage system to cancel brain motion in three dimensions. This motion cancellation system 
overcomes the challenging motion characteristics of this animal, including a peak acceleration of 20 m/s^2, similar to 
the acceleration of a Formula One race car. We have combined this system with Differential Illumination Focal Filtering 
(DIFF), a variant of HiLo microscopy, which enables us to image the brain of a freely swimming larval zebrafish for over 
an hour. This work greatly expands the repertoire of natural behaviors that can be studied with cellular resolution 
calcium imaging such as spatial navigation, feeding and reward. 

 
Vivek Venkatachalam (Northeastern)  
Imaging and Identifying Neurons in Naturally Behaving C. elegans 

 To understand whole-brain activity patterns, we would like strong handles on (1) the ecological behavior that brain 
was engineered to drive and (2) the structural and logical connections between those neurons in every animal we 
study. Here I’ll describe progress from two ongoing collaborations targeting these challenges. First, I will describe a 
system we have developed to perform “whole-brain” calcium imaging with cellular resolution in freely behaving 
worms using fast confocal microscopy. Working with Vladislav Susoy and Aravinthan Samuel (Harvard), we used the 
system to monitor full-circuit activity in male worms during courtship and mating. Secondly, I will discuss progress on 
functional imaging with fluorescently barcoded strains generated by Eviatar Yemini and Oliver Hobert (Columbia). 
These strains allow us to reliably compare activity maps between animals and relate functional activity to the 
established C. elegans connectome. 

 

Student Talk - Jamilla Akhund-Zade (Harvard University) 
Characterizing evolutionary strategies in wild Drosophila thermal preference via high resolution temporal sampling 
and broad geographic collections 
Jamilla Akhund-Zade, Denise Yoon, Alyssa Bangerter*, Matthew Campbell*, Nikolaos Polizos*, Eric Wice, Julia Saltz, 
Mason Klein, Alan Bergland, and Benjamin L. de Bivort 
* - equal contribution 
 
Bet-hedging is an evolutionary strategy in which a single genotype encodes a distribution of phenotypes as a means 
of ensuring that, even when the environment fluctuates unpredictably, some individuals will be fit. This is in contrast 
with adaptive tracking, or adaptation via natural selection, where phenotypes are genetically determined and the 
mean phenotype tracks with the environmentally determined optimum. While there is theoretical evidence that 
behavioral variability is a result of bet-hedging, there are few studies that test this idea empirically. We previously 
developed a model in which individual Drosophila thermal preferences affect life history, and in turn lineage evolution 
(Kain et al., 2015). This model predicts that bet-hedging is advantageous in regions of high seasonality and short 
breeding seasons, such as Boston, MA. An adaptive-tracking strategy is favored in locations with long and mild 
breeding seasons, such as Miami, FL. To test the modeling predictions empirically, we collected Drosophila across the 
U.S. as well as throughout the breeding season. Our hypotheses, deriving from the model, are that flies from northern 
latitudes will show roughly constant mean preference over the season and low heritability for individual thermal 
preferences. From our weekly seasonal collections of D. melanogaster in Boston, MA, we failed to see the fluctuations 
in mean preference that are predicted by adaptive tracking, whereas Charlottesville, VA seasonal collections show a 
decrease in mean thermal preference in the later summer that is more indicative of adaptive tracking. A heritability 



analysis of D. melanogaster isofemale lines from FL, VA, MA, TX, PA, and Southern CA shows that heritability is higher 
in areas predicted to be adaptive-tracking advantageous and lowest in areas with high bet-hedging advantage, 
consistent with our hypothesis. A parallel investigation into the molecular mechanisms of thermal preference 
individuality found that expression differences in trpA1 among isogenic animals explain roughly 20% of the observed 
thermal preference differences among individuals.  
 
 
Student Talk – Rockwell Anyoha (Harvard University) 
Pose dynamics across the Peromyscus genus 
 
An organism interfaces its external word via behavior. Natural selection acts to promote optimal behaviors and 
suppress deleterious ones. As follows, genetic elements may underly behavioral differences. Discovering these 
genetic elements requires precise quantification of behavior. Here, we define behavior generally, as an individual’s 
postural dynamics. Posture is captured using a depth sensor (Xbox Kinect V2), and stereotypical postural bouts 
(behaviors) are segmented using Motion sequencing (Moseq). Using Peromyscus as a model, we explore postural 
dynamics in an open field. Furthermore, we discuss some technical and conceptual challenges of comparative 
ethomics.  
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