


GENERAL INFORMATION 
 
 Free round-trip shuttle transportation will be provided from Staybridge Suites to the 

Rochester International Airport and to the University of Rochester River Campus Friday-
Sunday. 

 
 Meal tickets for the lunches and dinners are in your registration packet if requested on your 

registration form. A separate lunch line will be provided for vegetarians. 
 
 Saturday's banquet will be held at the George Eastman House, one of the world's foremost 

collections of photography. The banquet will immediately follow the scientific sessions and 
transportation to the Eastman House will be available through carpooling.  Dress is casual. 

 
 There will be a public wireless network. Usernames/passwords have been sent to you in 

advance. If you have difficulties, contact the registration desk. 
 

Organizing Committee 
 
Ania Majewska, Neurobiology & Anatomy and Center for Visual Science 
David Williams, Institute of Optics and Center for Visual Science 
Debbie Shannon, Administrator 
University of Rochester 
Center for Visual Science 
(585) 275-2459 Voice 
(585) 271-3043 Fax 

 
Symposium supported by the National Eye Inst. R13EY020691 and the Center for Visual 
Science 



POSTER PRESENTATION INSTRUCTIONS  
 
 The posters should be put up early Friday morning, June 4. The poster session will be held 

in the Munnerlyn Atrium, which is adjacent to the meeting room. You are asked to stay with 
your poster from 6:00 - 8:00 pm on Friday evening and from 6:00 - 6:45 pm on Saturday 
evening. You should take down your poster during the morning break on Sunday. 

 
 The posters should be prepared to fit on an approximately 5 ft W x 3.5 ft H foam core poster 

board that has a white background. 
 
 All boards will be numbered. Attach your poster to the board that corresponds to your 

number on the "Poster Presentations" list in the program booklet. 
 
 We will have a supply of pushpins available at the registration desk should you be unable to 

bring your own. Do not use tape. 
 
 Do not try to mount heavy materials, as they will have difficulty staying attached to the foam 

core poster board. 
 
 Please see the administrative staff at the registration desk if you have any difficulties. 



PROGRAM SCHEDULE 
June 3-6, 2010 

*All talks & discussion sessions will be held in Goergen Hall, University of Rochester, River 
Campus 

Thursday, June 3  
7:30 pm - 10:30 pm Registration and Welcome Reception, Staybridge Suites  (Rapids Room) 

Friday, June 4 
8:00 am Registration & Breakfast, Munnerlyn Atrium (Goergen Hall) 

8:45 am Welcome, Ania Majewska 

Session I: Imaging Central Circuits 

 Krystel Huxlin - Moderator 
9:00 am - 9:45 am 

 

Eyal Seidemann 
Univ. of Texas at 
Austin 

Real-time optical imaging of neural population 
responses in the visual cortex of behaving 
monkeys: insight on population coding 

9:45 am - 10:30 am Zach Mainen 
Champalimaud 
Neuroscience 
Programme 

Reading out neural circuits for decision-making 
in the rat 

10:30 am - 11:00 am  Break (Refreshments will be served), Munnerlyn Atrium 

11:00 am - 11:45 am Sam Wang 
Princeton University 

Widespread shifts in activity patterns in the 
cerebella of locomoting mice 

11:45 am - 12:30 pm Maiken Nedergaard 
University of 
Rochester 

In vivo imaging of non-neuronal brain cells 

12:30 pm - 1:00 pm Discussion Session 

1:00 pm - 2:00 pm  Lunch, Munnerlyn Atrium 

Session II: Advances in Optical Imaging 

Maiken Nedergaard - Moderator 

2:00 pm - 2:45 pm Eric Betzig 
Janelia Farm 

Pushing the envelope in biological imaging 

2:45 pm - 3:30 pm Chris Xu 
Cornell University 

Technology development for deep tissue 
multiphoton imaging 

3:30 pm - 4:00 pm Break (Refreshments will be served), Munnerlyn Atrium 

4:00 pm - 4:45 pm Lihong Wang 
Washington 
University 

Photoacoustic tomography: breaking through 
the optical diffusion limit 

4:45 pm - 5:30 pm Bart Borghuis 
Janelia Farm 

Dissecting rodent retinal circuits with a 
genetically encoded calcium indicator 

5:30 pm - 6:00 pm Discussion Session 

6:00 pm - 9:00 pm Posters – Reception/Dinner, Munnerlyn Atrium 

 



Saturday, June 5  
8:00 am Breakfast, Munnerlyn Atrium, Goergen Hall 

Session III: Imaging the Senses 

David Williams - Moderator 
9:00 am - 9:45 am Tim Holy 

Washington 
University 

Outnumbered no more: deciphering olfactory 
coding using fast three-dimensional calcium 
imaging 

9:45 am - 10:30 am Austin Roorda 
UC Berkeley 

Exploring vision in living eyes on a cellular scale 

10:30 am - 11:00 am Break (Refreshments will be served), Munnerlyn Atrium 

11:00 am - 11:45 pm Donald Miller 
Indiana University 

Probing photoreceptor activity using adaptive 
optics and optical coherence tomography 

11:45 pm - 12:30 pm Joseph Carroll 
Medical College of 
Wisconsin 

Imaging the human retina - development & 
disruption 

12:30 pm - 1:00 pm Discussion Session 

1:00 pm - 2:00 pm Lunch, Munnerlyn Atrium 

Session IV: Imaging Visual Cortical Circuits 

Ania Majewska - Moderator 

2:00 pm - 2:45 pm Rafael Yuste 
Columbia University 

Two-photon mapping and manipulation of 
neocortical circuits 

2:45 pm - 3:30 pm David Fitzpatrick 
Duke University 

Imaging the experience-dependent emergence 
of functional circuits in visual cortex 

3:30 pm - 4:00 pm Break (Refreshments will be served), Munnerlyn Atrium 

4:00 pm - 4:45 pm Anna Roe 
Vanderbilt University 

Imaging attention in the brain: optical imaging 
studies of area V4 in awake, behaving macaque 
monkeys 

4:45 pm - 5:30 pm Mark Hubener 
Max Planck Institute, 
Martinsried 

Structural plasticity of excitatory and inhibitory 
neurons in mouse visual cortex 

5:30 pm - 6:00 pm Discussion Session 

6:00 pm - 7:00 pm Poster Session 

7:30 pm - 9:30 pm Dinner, George Eastman House 

 



 
Sunday, June 6 

8:00 am Breakfast, Munnerlyn Atrium 

Session V: Controlling Neurons with Light 

Tony Movshon - Moderator 
9:00 am - 9:45 am Richard Kramer 

UC Berkeley 
Non-genetic photochemical tools for controlling 
neural activity with light 

9:45 am - 10:30 am Ed Boyden 
MIT 

Controlling brain circuits with light: enabling 
integrative analysis and engineering of neural 
systems 

10:30 am - 11:00 am Discussion Session 

11:00 am - 11:45 pm Break (Refreshments will be served), Munnerlyn Atrium 

11:45 am - 12:30 pm Keynote Address: 
Jeff Lichtman 
Harvard University 

Connectomics in the developing nervous 
system 

12:30 pm - 1:00 pm Wrap-up Discussion Session, Tony Movshon 

1:00 pm - 1:15 pm Closing Remarks 

End of Meeting 
1:45 pm -  Barbecue at the home of David & Inger Williams, Fairport, NY 

 



POSTER PRESENTATIONS 
 
(P1) Cui, L: A novel two-photon fluorescence method for high-resolution, non-invasive measurement of 
molecular distribution and concentration in live corneal tissue 
 
(P2) Das, A: Perceptual recovery after V1 damage is not limited to motion stimuli – psychophysical and 
functional imaging evidence of training-induced plasticity in the damaged, geniculo-striate pathway 
 
(P3) De Brouwere, D: Hyperspectral imaging of the retina 
 
(P4) Duarte, S: Neuronal and network mechanisms of the onset of epileptiform activity 
 
(P5) Dubra, A: In vivo high resolution imaging of the nerve fiber layer using an adaptive optics scanning 
laser ophthalmoscope 
 
(P6) Geng, Y: Wave aberration of the mouse eye 
 
(P7) Hunter, J: Two-photon imaging of the living macaque retina 
 
(P8) Iorizzo, D: Using virtual reality to assess the effectiveness of spontaneously-developed 
compensatory eye movement strategies in cortically blind humans 
 
(P9) Lambert, A: Point Spread Function manipulation through adaptive optics in the illumination path 
 
(P10) Mortensen, L: Near-IR confocal imaging of the effects of UVR on in vivo skin penetration of 
quantum dot nanoparticles 
 
(P11) O'Herron, P: Representation of object continuity in neurons of the visual cortex 
 
(P12) Oshiro, T: A normalization model of multisensory integration 
 
(P13) Pantanelli, S: Contributions of scatter and ocular aberration to decrements in visual performance 
after corneal transplant surgery 
 
(P14) Sanada, T: Linear combination of disparity and velocity gradient cues to 3D surface orientation by 
macaque MT neurons 
 
(P15) Schallek, J: Chromatic bleaching reveals a rod-driven contribution to intrinsic optical signals of the 
retina 
 
(P16) Tippie, A: Image correction through atmospheric phase screens using a sharpness metric 
 
(P17) Tremblay, M-E: Experience-dependent changes in microglial interactions with synapses in mouse 
visual cortex 
 
(P18) Xu, L: Altering the optical properties of hydrogel polymers and living cornea using femtosecond 
laser micromachining 
 
(P19) Yin, L: AAV-mediated gene delivery to retinal ganglion cells in the macaque eye 
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Center for Visual Science T1 June 3-6, 2010 

Imaging Central Circuits 

Real-time optical imaging of neural population responses in the visual cortex of 
behaving monkeys: insight on population coding 
 
Eyal Seidemann, University of Texas at Austin 

 
What are the principles that govern the encoding and decoding of visual stimuli by 

populations of neurons in the primate visual cortex? To begin to address this general question, 

our laboratory uses a combination of voltage-sensitive dye imaging and electrophysiology to 

measure neural population responses from the primary visual cortex (V1) of monkeys while they 

perform well controlled, threshold visual tasks. To study encoding, we measure the precise 

spatiotemporal dynamics of V1 population responses to small visual stimuli. We then develop 

and test simple computational models of the early visual system that can account for the 

observed properties of V1 responses, and can be used as a framework for testing specific 

hypotheses regarding the underlying neural mechanisms. To study decoding, we develop and 

test possible readout models that perform the same task as the monkey using only the 

measured neural responses from the monkeyʼs brain in single trials. We then compare different 

candidate readout models in terms of their ability to predict the visual stimulus and the 

behavioral choices of the monkey. In this talk, I will present some of our recent findings from 

these two lines of research and discuss their possible implications for population coding in the 

cortex. 
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Imaging Central Circuits 

Reading out neural circuits for decision-making in the rat 
 
Zach Mainen, Champalimaud Neuroscience Programme 

 
For several years we have been studying the performance of rats in an odor mixture 

categorization task, in which an animal makes a left/right spatial choice instructed by the 

dominant component of a binary odor mixture. In order to better understand the neural basis of 

such odor-guided decisions we have recorded ensembles of tens of neurons in several different 

brain regions during the performance of this task. I will present findings from these studies, 

emphasizing the nature of neural representations in the primary olfactory cortex and how it is 

decoded or read out by downstream structures such as orbitofrontal cortex or superior 

colliculus.  
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Imaging Central Circuits 

Widespread shifts in activity patterns in the cerebella of locomoting mice 
 
Sam Wang, Princeton University 

 

The cerebellum has been suggested to act as an error detector, with errors encoded by 

climbing fibers (CFs), which represent unexpected events, and the mossy fiber (MF) pathway, 

which acts as a principal source of drive to Purkinje cells, the principal output leading to the 

deep nuclei. This processing is context-dependent, since cerebellar responses to external 

events and internal signals can be modulated according to an animal's behavioral state. 

To monitor the dynamics of cerebellar processing over many neurons at once, we used 

extracellular recording and in vivo two-photon microscopy in awake mice locomoting on a 

spherical treadmill. We recorded from Purkinje cell dendrites, stellate/basket interneurons, and 

granule cells in zone A of lobule IV/V, representing sensation and movement from trunk and 

limbs.  In resting animals, stimuli triggered synchronous firing of dense bands of Purkinje cell 

dendrites and transient bursts of activity in interneurons and granule cells. The majority of 

granule cells showed both stimulus- and movement-related activity. The start of locomotion was 

marked by sustained increases in interneuron and granule cell activity followed by Purkinje cell 

synchrony, as well as a loss of sensitivity to external stimuli. Thus climbing fiber synchrony and 

mossy fiber pathways share a common upstream gating mechanism that exerts widespread 

control over the cerebellum. 
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Imaging Central Circuits 

In Vivo Imaging of Non-Neuronal Brain Cells 
 
Maiken Nedergaard, University of Rochester 

 
Non-neuronal cells constitute the majority of cells in CNS. Traditional 

electrophysiological approaches are not useful for studying electrically unexcitable cells, such as 

astrocytes, oligodendrocytes, NG-2 cells, and microglial cells. We have used 2-photon laser 

scanning microscopy in combination with photolysis (2-photon and UV) to study  astrocytes and 

other glial cells  in live, anesthetized mice. These studies are based on loading the exposed 

cortex with calcium indicators or imaging of endogenous  fluorophores such as  NADH. The 

advantage and limitations of 2-photon in vivo dissect the biological functions of astrocytes.  
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Advances in Optical Imaging 

Pushing the envelope in biological imaging 
 
Eric Betzig, Janelia Farm Research Campus 

 
Optical microscopy has been instrumental in studies of the structure and function of 

biological systems for centuries.  However, many questions at the forefront of molecular, 

cellular, and neurobiology remain beyond its current capabilities.  Here I will summarize our 

work in fluorescence imaging beyond the diffraction limit with photoactivated localization 

microscopy, deep tissue imaging with two-photon adaptive optics, and high speed volumetric 

cellular imaging with Bessel beam plane illumination microscopy.
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Advances in Optical Imaging 

Technology development for deep tissue multiphoton imaging 
 
Chris Xu, Cornell University 
 

MPM has been used as a standard tool for the study of blood flow, neuronal activity, and anatomy 

in the cortex of mouse brain. Imaging up to a depth of 600 μm for vasculature and 700 μm for neurons 

has been achieved with femtosecond modelocked Ti:Al2O3 oscillators [1].  The maximum imaging depth in 

MPM depends on the ability of excitation light to reach the focus unscattered (ballistic excitation photons) 

and emitted fluorescence to reach the detector [2]. It scales linearly with the attenuation coefficient of the 

excitation light in tissue and logarithmically with average power incident on the sample surface, the duty 

cycle, and the collection efficiency. Theer et al. achieved 1 mm imaging depth using a Ti:Al2O3 

regenerative amplifier (mJ pulses) which reduces the repetition rate from 100 MHz to 200 kHz [3]. An 

effective strategy for improving the imaging depth is reduction of the attenuation of excitation light by 

tissue. As a result of the large difference between scattering mean free paths (MFP) and absorption 

lengths in the brain tissue, scattering is the dominant attenuation factor over water and intrinsic molecule 

absorption for wavelengths between 350 nm and 1300 nm. We propose using longer excitation 

wavelengths [4], specifically the 1300-nm regime, in order to reduce the effect of scattering. In this paper, 

the fundamental difficulties of deep tissue imaging will be discussed. We then compare the maximal MPM 

imaging depth achieved with 775-nm excitation to that achieved with 1280-nm excitation using in vivo and 

ex vivo MPM of vasculature in the cortex of adult mouse brain. Approximately 1.15-mm imaging depth 

can be achieved in in vivo imaging of adult mouse brain at 1280 nm with ~ 1 nJ pulse energy. We also 

record blood flow speed in individual vessels at depths of up to 900 µm. Third harmonic generation 

imaging [5-6] of red blood cells at 1280 nm excitation in in vivo mouse brain will also be presented. 

Practical issues and future possibilities of long wavelength MPM will be discussed.  

1. Helmchen, F. and W. Denk, Deep tissue two-photon microscopy. Nat. Methods, 2005. 2: p. 932-
940. 

2. Beaurepaire, E. and J. Mertz, Epifluorescence collection in two-photon microscopy. Appl. Opt., 
2002. 41(25): p. 5376-5382. 

3. Theer, P., M.T. Hasan, and W. Denk, Two-photon imaging to a depth of 1000 mm in living brains 
by use of a Ti:Al2O3 regenerative amplifier. Opt. Lett., 2003. 28: p. 1022-1024. 

4. Kobat, D., et al., Deep tissue multiphoton microscopy using longer wavelength excitation. Optics 
Express, 2009. 17(16): p. 13354-13364. 

5. Barad, Y., et al., Nonlinear laser scanning microscopy by third harmonic generation. Appl. Phys. 
Lett., 1997. 70: p. 922-924. 

6. Muller, M., et al., 3D microscopy of transparent objects using third-harmonic generation. J. 
Microsc., 1998. 191: p. 266-274. 
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Advances in Optical Imaging 

Photoacoustic tomography: breaking through the optical diffusion limit 
 

Lihong V. Wang, Washington University in St. Louis 

 

We develop photoacoustic tomography (PAT) for functional and molecular imaging by 

physically combining optical and ultrasonic waves via energy transduction.  Key applications 

include early-cancer detection and functional imaging. Light provides rich tissue contrast but 

does not penetrate biological tissue in straight paths as x-rays do.  Consequently, high-

resolution pure optical imaging (e.g., confocal microscopy, two-photon microscopy, and optical 

coherence tomography) is limited to depths within one optical transport mean free path (~1 mm 

in the skin).  Ultrasonic imaging, on the contrary, provides good image resolution but suffers 

from poor contrast in early-stage tumors as well as strong speckle artifacts.  PAT overcomes the 

above problems because ultrasonic scattering is ~1000 times weaker than optical scattering. In 

PAT, a pulsed laser beam illuminates the tissue and generates a small but rapid temperature 

rise, which causes the emission of ultrasonic waves due to thermoelastic expansion.  The short-

wavelength ultrasonic waves are then detected to form high-resolution tomographic images. 

PAT broke through the diffusion limit for penetration and achieved high-resolution images at 

depths up to 5 cm in tissue. Further depths can be reached by thermoacoustic tomography 

(TAT) using microwaves or RF waves instead of optical waves as the excitation source. PAT is 

commonly embodied in the forms of photoacoustic computed tomography and scanning 

photoacoustic microscopy.
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Advances in Optical Imaging 

Dissecting rodent retinal circuits with a genetically encoded calcium indicator 
 
Bart G. Borghuis, Lin Tian, Boris Zemelman, Loren L. Looger, Janelia Farm 

 
The vertebrate retina is a canonical neural circuit. To dissect cell type-specific signaling 

in this circuit, we expressed the genetically encoded calcium indicator GCaMP3 in mouse retinal 

neurons. Specific combinations of transduction technique and promoter element produced 

different expression patterns. Using viral transduction and the human synapsin-1 promoter, 

GCaMP3 was expressed in ganglion cells; other retinas were incubated with the synthetic 

indicator OGB-1 for comparison. Light-evoked calcium responses measured in whole-mount 

retinas were equivalent for the two probes, both in amplitude and decay time constant. 

Electrophysiological recordings from GCaMP3-positive cells showed a nearly linear relation 

between spiking activity and fluorescence intensity. In some cells the sensor failed to signal 

firing rate changes below 10 spikes s-1. Sensor gain (fluorescence change per spike) varied 

between cells, including those of the same functional type. This precludes inferring spike rates 

from the fluorescence signal without additional calibration measurements. Spatio-temporal 

tuning functions calculated from spike and fluorescence recordings matched, and specific 

functional types (e.g. direction-selective) were readily detected within a population. A cellʼs light-

evoked fluorescence response measured in dendrites was faster and larger than that measured 

in the soma. In ganglion cells, speed and amplitude scaled such that the integrated fluorescence 

signal was equal in both compartments. Using the mGluR1 promoter we measured light-evoked 

calcium dynamics in the soma, proximal and distal dendrites of type AII amacrine cells. These 

measurements agree with previous reports, support the AIIʼs proposed connectivity and 

demonstrate how GCaMP3 can contribute directly to the efficient mapping of retinal circuits. 
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Imaging the Senses 

Outnumbered no more: deciphering olfactory coding using fast three-dimensional 
calcium imaging 
 
Tim Holy, Washington University 

 
Mammals detect chemical cues in their environment using their sense of smell. The 

great diversity of volatile compounds is matched by a great diversity of the detectors: more than 

a thousand different receptors, 3-4% of the mammalian genome, are expressed olfactory 

sensory neurons, with each neuron expressing just one receptor. This diversity poses a 

challenge to physiological studies that seek to understand the function of the olfactory system. 

Recently, we have developed techniques for fast three-dimensional imaging using light 

sheets. In conjunction with mice expressing the genetically-encoded fluorescent calcium sensor 

GCaMP2, we record olfactory responses from thousands of sensory neurons simultaneously. 

These recordings have revealed, in fine detail, numerous (and previously-unexpected) patterns 

in sensory responses across neurons. 

We are also improving the technology for fast imaging, in particular increasing both the 

temporal and spatial resolution of volumetric calcium imaging. 
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Imaging the Senses 

Exploring vision in living eyes on a cellular scale 
 
Austin Roorda, University of California, Berkeley 

Pavan Tiruveedhula, University of California, Berkeley 

Ethan A. Rossi, University of California, Berkeley 

Lawrence C. Sincich, University of California, San Francisco 

Jonathan C. Horton, University of California, San Francisco 

Qiang Yang, Montana State University 

David W. Arathorn, Montana State University 

Scott B. Stevenson, University of Houston 

 

Challenges in understanding the limits to vision are imposed by the eyeʼs optical 

aberrations and eye movements.  Both are large relative to the size of cones and receptive 

fields at and near the fovea. Systems that combine adaptive optics (AO) with eye tracking offer 

unique ways to reveal some of the basic properties and limits of vision. We use an AO scanning 

laser ophthalmoscope to project stimuli onto the retina while simultaneously imaging its 

microscopic structure at video rates. In human studies, we find that immediately outside of the 

foveal center, spatial vision degrades faster than predicted by cone photoreceptor spacing, 

suggesting that ganglion cell receptive field centers near the fovea may comprise more than one 

cone. Weʼve confirmed the existence of larger-than-expected receptive field centers near the 

fovea through targeted cone stimulation and simultaneous electrophysiological recording to map 

the cones that comprise receptive fields in the macaque.  

Our efforts to track the retina and control the retinal stimulus continually reinforce the 

notion that spatial percepts derive from both spatial and temporal processes. We measured the 

conditions under which retinal stimulus motion is perceived as being stable, and discovered that 

only retinal image motions that are consistent with the retinal slip generated by normal eye 

motion are seen as stable, whereas retinal image motions that are inconsistent with the eyeʼs 

motion, even at very small magnitudes, appear unstable.  
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Imaging the Senses 

Probing photoreceptor activity using adaptive optics and optical coherence 
tomography 
 
Donald Miller, Indiana University 

 
Vision begins with the capture of light by photoreceptors, triggering a complex cascade 

of biochemical events called phototransduction that culminates in the hyper-polarization of the 

photoreceptors. Phototransduction has been extensively studied in vitro, however, direct 

observation in the living eye has been confined to the initial photon absorption kinetics 

(measured by photopigment densitometry) and the final membrane hyper-polarization 

(measured by electrophysiology) event. While the cascade of activation and amplification stages 

can be probed using electrophysiological techniques such as double flash, the analysis is 

somewhat indirect, and a more direct and local measurement would be useful. To this end we 

have developed a non-invasive optical technique based on high speed imaging and adaptive 

optics to observe in individual cones the fast physiological processes that accompany 

phototransduction. The method takes advantage of the interference of multiple reflections within 

the outers segments (OS) of cones, a self-interference phenomenon that is highly sensitive to 

phase changes caused by variations in refractive index and physical length. The same self-

interference phenomenon can also be used to measure the rate of outer segment renewal, a 

gradual lengthening (2-3 microns/day) of the OS necessitated by the extreme optical and 

metabolic demands of phototransduction. To our knowledge these are the first demonstrations 

of in vivo optical imaging of the fast physiological processes that accompany phototransduction 

and the extremely slow process of OS renewal in individual photoreceptors. Results of these 

measurements and efforts to expand them to 3D using optical coherence tomography are 

discussed. 
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Imaging the Senses 

Imaging the human retina – development & disruption 
 
Joseph Carroll, Medical College of Wisconsin 

 
High-resolution ophthalmic imaging techniques like optical coherence tomography and 

adaptive optics ophthalmoscopy have literally changed the way we see the retina.  Pathology 

can now be assessed on the cellular level, and numerous sub-clinical phenotypes have been 

uncovered.  This talk will discuss the use of these imaging modalities to provide insight into 

foveal development, both using the normal retina and cases where development has been 

disrupted (albinism).  We are beginning to appreciate the role of pigmentation in foveal 

development, and this understanding offers the possibility that we may be able to modify foveal 

anatomy through modifying pigment production in the retina. 

I will also discuss recent advances in our understanding of color vision defects.  We 

have assembled a collection of individuals with various genetic mutations that all result in some 

type of cone dysfunction.  Given the involvement of a single genetic locus, we have begun to 

construct a high-resolution genotype-phenotype map for these conditions.  As a result, our 

understanding of the etiology of some of these conditions has improved – a requisite first step 

for identifying therapeutic opportunities for individuals with these disorders.   
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Imaging Visual Cortical Circuits 

Two-photon mapping and manipulation of neocortical circuits 
 
Rafael Yuste, Columbia University 

 
We have developed optical methods to stimulate or inhibit individual neurons in brain 

slices in any arbitrary spatio-temporal pattern, using two-photon uncaging of RuBi-glutamate or 

RuBi-GABA with beam multiplexing with DOEs or SLMs. By sequentially stimulating up to a 

thousand potential presynaptic neurons, we generate functional maps of inputs to a cell. In 

addition, we combine this approach with two-photon calcium imaging in an all-optical method to 

image and manipulate circuit activity.  

 
Nikolenko, V., Poskanzer, K.E. & Yuste, R. Two-photon photostimulation and imaging of neural circuits. 
Nat Methods 4, 943-950 (2007). 
 
Nikolenko, V., et al. SLM Microscopy: scanless two-photon imaging and photostimulation using spatial 
light modulators. Frontiers in Neural Circuits 2-5, 1-14 (2008). 
 
Watson, B.O., Nikolenko, V. & Yuste, R. Two-photon imaging with diffractive optical elements. Front 
Neural Circuits 3, 6 (2009). 
 
Rial Verde, E.M., Zayat, L., Etchenique, R. & Yuste, R. Photorelease of GABA with visible light using an 
inorganic caging group. Frontiers in Neural Circuits 2:2. (2008). 
 
Fino, E., et al. RuBi-Glutamate: Two-Photon and Visible-Light Photoactivation of Neurons and Dendritic 
spines. Frontiers in neural circuits 3, 2 (2009). 
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Imaging Visual Cortical Circuits 

Imaging the experience-dependent emergence of functional circuits in visual 
cortex 
 
David Fitzpatrick, Duke University 

 
The onset of vision occurs when neural circuits in the visual cortex are immature, lacking 

both the full complement of connections, and the response selectivity that defines functional 

maturity.  The direction-selective responses of cortical neurons are particularly vulnerable to the 

effects of early visual deprivation, but it remains unclear how stimulus-driven neural activity 

guides the emergence of cortical direction selectivity. We developed a novel motion training 

paradigm that allows us to monitor the impact of visual experience on the developmental 

emergence of direction selective response properties in individual visually naïve ferrets. Using 

intrinsic signal imaging techniques, we found that training with a single axis of motion induced 

the rapid emergence of direction columns that were confined to cortical regions preferentially 

activated by the training stimulus. To probe alterations in the response properties of single cells 

that underlie the emergence of direction columns, we used in vivo two-photon imaging following 

injections of the calcium indicator Oregon Green BAPTA. In visually naive animals, single 

neurons exhibited strong selectivity for orientation, but only weak directional biases and they 

lacked the strong local coherence in the spatial organization of direction preference that was 

evident in mature animals. Training with a bidirectional moving stimulus rapidly strengthened the 

direction-selective responses of individual neurons by building on the weak initial biases and 

producing a significant increase in local coherence. Dark rearing experiments showed that the 

weak initial biases are dependent on visual experience and are essential for the rapid 

emergence of direction selective responses. Additional evidence that experience with stimulus 

motion plays an instructive role in this process comes from the fact that unidirectional training 

results in a preponderance of neurons that prefer the direction of the training stimulus, and that 

changes in direction selectivity are absent when animals are trained with a flashing grating 

stimulus.  We conclude that early experience with moving visual stimuli drives the rapid 

emergence of direction-selective responses in the visual cortex. 
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Imaging Visual Cortical Circuits 

Imaging attention in the brain: optical imaging studies of area V4 in awake, 
behaving macaque monkeys 
 
Anna Roe, Vanderbilt University 

 
Area V4 in the macaque monkey is a mid-tier cortical area in the ventral visual pathway. 

It plays important roles in visual object recognition and in visual attention. Neurons in V4 are 

tuned for orientation, spatial frequency, and color, as well as complex properties such as 

curvature, color constancy, and figure-ground response. Neuronal responses in V4 are also 

markedly modulated by spatial and featural attention. However, little is known regarding the 

functional organization of area V4 and how attention may relate to such functional organization. 

We used intrinsic signal optical imaging methods to map foveal and perifoveal regions of V4 in 

monkeys performing visual fixation, spatial attention, or featural attention tasks. Our studies 

reveal the presence of submillimeter-sized functional domains in V4 that exhibit preferential 

response to color, luminance, or orientation. In monkeys trained on attention tasks, we find 

spatial attention leads to topographically appropriate enhancement of imaged response which is 

not selective for domain type. In contrast, feature attention leads to little modulation of signal 

amplitude but significant enhancement of response correlation between feature domains 

relevant to the attended feature. Our data thus suggest that spatial and feature attention may be 

mediated in V4 in substantially different ways, one by modulation of response amplitude and the 

other by domain-specific response correlation. This also suggests that different attentional 

modes mediate their effect by recruiting different networks of functional domains in V4. These 

findings are consistent with and lend an organizational understanding to a large body of 

electrophysiological data. As well, they raise interesting questions with respect to the role of 

prefrontal influences on functional domain response in V4, a topic which awaits future study.   
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Imaging Visual Cortical Circuits 

Structural plasticity of excitatory and inhibitory neurons in mouse visual cortex 
 
Mark Hübener, Max Planck Institute of Neurobiology, Martinsried 

 

We are interested in changes in neuronal circuitry underlying plasticity in the visual 

cortex. As one means to induce plasticity in mouse visual cortex we use monocular deprivation 

(MD). Functional imaging revealed a savings effect in this system: the shift in eye representation 

occurs faster in mice that have already experienced an MD episode many weeks earlier. In 

order to study the potential synaptic mechanisms underlying this savings effect, we monitored 

GFP expressing pyramidal neurons with two-photon imaging. MD increased the number of 

dendritic spines in a cell type specific fashion, possibly reflecting the strengthening of open eye 

inputs. Surprisingly, the added spines did not disappear after reopening the temporarily closed 

eye. In contrast, the induction of a second MD of the same eye many weeks later did not lead to 

further addition of spines, but spines induced by the first MD increased in size, indicating their 

functional reactivation, and suggesting that these persisting spines might form a structural trace 

mediating the savings effect. 

Using a different paradigm, we studied the structural plasticity of GFP expressing 

inhibitory neurons. Following a complete loss of visual input by lesioning the retina, we did not 

detect any obvious changes in the overall dendritic structure of these neurons. Upon closer 

examination, we found that a subset of the labeled inhibitory cells had dendritic spines, as had 

been previously described for certain types of inhibitory neurons. Within 48 hours of lesioning 

the retina, more than 25% of these spines were permanently lost. In order to determine if the 

degree of spine loss depends on the level of cortical activity, we used a focal retinal lesion 

paradigm, thus creating a silenced region in the visual cortex, the lesion projection zone (LPZ), 

which is surrounded by a gradient of visually evoked activity. We found spine density to be 

correlated with distance from the border of the LPZ, such that cells located nearest to the LPZ 

had densities similar to those inside, while cells located far from the LPZ had densities 

comparable to controls. These results show that, similar to excitatory cells, inhibitory neurons 

are capable of rapid remodeling of synaptic input structures following alterations of neuronal 

activity. 
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Controlling Neurons with Light 

Non-genetic photochemical tools for controlling neural activity with light 
 

Richard H. Kramer, University of California, Berkeley 

 

Light-regulated ion channels have opened new horizons for the optical control of neural 

activity.  Genetic engineering enables photosensitization of specific neurons with light-regulated 

channels either borrowed from microbes or invented by chemical-biologists.  Here I will discuss 

an alternative approach to imparting light-sensitivity, which involves the modification of 

endogenous ion channels in neurons by acute application of a small molecule “photoswitch”.  

AAQ is a photoswitch that bestows light-sensitivity onto many voltage-gated K+ channels, 

without genetic modification.  We have used AAQ to confer light-sensitivity onto retinas from 

blind rd1 mice, whose rods and cones degenerate after birth, leaving the rest of the retina intact 

but unable to respond to light.  Brief application of AAQ bestows prolonged light sensitivity on 

multiple types of retinal neurons, resulting in synaptically amplified responses in retinal ganglion 

cells.  Intraocular injection of AAQ can restore the pupillary light reflex, indicating restoration of 

signaling through brain circuits.  Another photoswitch, named QAQ, shows promise as a light-

regulated analgesic.  The trans configuration QAQ is an intracellular blocker of every voltage-

gated ion channel tested (K+, Na+, and Ca2+ channels), but blockade is alleviated by switching 

to cis with 380 nm light and restored by switching to trans with 500 nm light. The net effect is 

that neuronal activity can be silenced in a light-reversible manner. QAQ can be delivered into 

cells through ion channels with dilating pores, including the “capsaicin receptor” (TRPV1) and 

the ionotropic receptor for ATP (P2X).  TRPV1 channels and P2X receptors are expressed in 

pain-sensing neurons.  Hence co-application of QAQ plus capsaicin or ATP enables optical 

control of spiking in a targeted neuronal population without requiring exogenous gene 

expression.  By enabling precise photoregulation, QAQ will facilitate scientific investigation of 

pain mechanisms and could have clinical use as an analgesic that is much more rapidly 

reversible than currently available drugs. 
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Controlling Neurons with Light 

Controlling brain circuits with light: enabling integrative analysis and engineering 
of neural systems 
 
Ed Boyden, MIT 

 
Over the last several years our group has developed a suite of genetically-encoded 

reagents that enable powerful neural activation and silencing in response to pulses of light of 

specific colors.  We discuss a new generation of such reagents that we have developed, with 

enhanced power and flexibility.  In order to enable these tools to be used for systematic analysis 

of the causal contribution of specific cell types, pathways, and brain regions to neural 

computations, behaviors, and pathologies, we have developed hardware to enable neural 

circuits to be perturbed in a three-dimensional fashion, and for the network-wide impact of a 

circuit perturbation to be characterized.  We explore how these tools can be used to enable 

systematic analysis of neural circuit functions, exploring the properties of neural circuits that 

mediate emotion and sensation, and that play roles in neurological and psychiatric disorders.  

We also discuss the translational potential of such tools to potentially enable novel ultraprecise 

neuromodulation therapies, resulting from our recent assessment of the safety and efficacy of 

optical neural control tools in the non-human primate brain. 
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Controlling Neurons with Light 

Connectomics in the developing nervous system 
 
Jeff W. Lichtman, Harvard University 

 
Connectional maps of the brain may have value in developing models of both how the 

brain works and how it fails when subsets of neurons or synapses are missing or misconnected. 

Such maps might also provide the first detailed information about how brain circuits develop and 

age. I am especially eager to obtain such maps from the developing nervous system because of 

a longstanding interest in the neuromuscular circuit changes during mammalian early postnatal 

life. In the neuromuscular system most axonal input to muscle fibers is pruned in early postnatal 

life. This so called ʻsynapse eliminationʼ may be part of the process whereby the nervous 

system molds itself to a particular epigenetic landscape. We have developed techniques to 

observe all these synaptic interactions at different sites simultaneously by computer assisted 

axonal tracing and the generation of transgenic mice in which different axons are labeled 

different colors.  These Brainbow mice (Livet et al., 2007) have given us an opportunity to see 

the entire connectional maps (or ʻconnectomesʼ) for developing muscles. In brain, however, thin 

sectioning is required to disambiguate the many overlapping axons. My colleagues Ken 

Hayworth and N. Bobby Kasthuri have developed a new kind of microtome (and an electron 

imaging strategy) that allows automated high resolution imaging of thousands of ultra thin (<30 

nm) sections that are very large (~4 mm2). This approach aims at making large-scale serial 

microscopic analysis of volumes routine.  
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A novel two-photon fluorescence method for high-resolution, non-invasive measurement of 
molecular distribution and concentration in live corneal tissue 

 
Liping Cui, The Institute of Optics, University of Rochester, Rochester NY, USA 
Lana J. Nagy, Flaum Eye Institute, University of Rochester, Rochester NY, USA 
Margaret DeMagistris, Flaum Eye Institute, University of Rochester, Rochester NY, USA 
Lisen Xu, The Institute of Optics, University of Rochester, Rochester NY, USA 
Wayne H. Knox, The Institute of Optics and Center for Visual Science, University of Rochester, Rochester  

NY, USA 
Krystel R. Huxlin, Flaum Eye Institute and Center for Visual Science, University of Rochester, Rochester  

NY, USA 
 

Two-photon fluorescence (TPF) is used extensively for research imaging applications. It has 3D 

inherent sectional ability and micron-level resolution. Yet in clinical ophthalmology, such important 

questions as drug diffusion through the cornea remain poorly documented because of the poor resolution 

of available measurement tools. Slit lamp imaging, which is used in most cases, only has sub-mm 

resolution. The goal of the present study was to develop a new TPF instrument that could be used to 

measure diffusion of a fluorescent molecule through the cornea in a non-contact, non-invasive manner. 

As a proof of principle, we developed an imaging system able to measure fluorescein distribution and 

concentration in live corneal tissue with 12µm axial resolution. Preliminary tests in enucleated eyes in 

which the epithelium had either been left in place or removed prior to a 30 min topical application of 

0.375% Sodium-Fluorescein (Na-Fl) showed that the intact epithelium completely prevented penetration 

of Na-Fl into the corneal stroma. Epithelial removal, on the other hand, allowed penetration of Na-Fl into 

the stroma and TPF showed its concentration to decrease monotonically across the stromal thickness. 

Thus, TPF can be used to non-invasively measure the diffusion of topically-applied, fluorescently-labeled 

molecules across the living cornea. Potential applications of this technology include the ability to measure 

the diffusion of tagged molecules across the living cornea as well as the recovery of epithelial barrier 

function after injury or surgery. 

 
Maurice, D. M. (1967) "The Use of Fluorescein in Ophthalmological Research: The Jonas S. 

Friedenwald Memorial Lecture," Invest. Ophthalmol. Vis. Sci. 6, 464-477. 
McNamara, N., Fusaro, R., etc, (1997) "Measurement of corneal epithelial permeability to 

fluorescein. A repeatability study," Invest. Ophthalmol. Vis. Sci. 38, 1830 - 1839. 
Pflugfelder, S., Solomon, A.,and Stern, M., (2000)."The diagnosis and management of dry eye: a 

twenty-five-year review," Cornea 19, 644 - 649  
Joshi, A., Maurice, D., and Paugh, J. (1996)."A new method for determining corneal epithelial 

barrier to fluorescein in humans," Invest. Ophthalmol. Vis. Sci. 6, 1008 - 1016  
 
Supported by an unrestricted grant to the University of Rochesterʼs Department of Ophthalmology from 
the Research to Prevent Blindness Foundation, by the National Institutes of Health (R01 EY015836 to 
KRH and Core grant P30EY001319 to the Center for Visual Science), by a grant from Bausch & Lomb 
Inc. and from the University of Rochester's Center for Electronic Imaging Systems, a NYSTAR-
designated Center for Advanced Technology. 
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Perceptual recovery after V1 damage is not limited to motion stimuli – psychophysical and 
functional imaging evidence of training-induced plasticity in the damaged, geniculo-striate 
pathway 
 
Anasuya Das, Flaum Eye Institute, University of Rochester, Rochester, NY, USA 
Krystel R. Huxlin, Flaum Eye Institute and Center for Visual Science, University of Rochester, Rochester,  

NY, USA 
 

Cortical blindness is a severe visual impairment caused by damage to the primary visual 

cortex (V1) or its direct afferents. Previous work in our laboratory demonstrated that intensive 

training could be used to recover complex visual motion discriminations in the cortically blind 

fields (Huxlin et al., 2009). Once direction thresholds returned to normal at the retrained 

locations, transfer was seen to multiple categories of visual motion stimuli at those locations. 

Visual motion has long been considered special as it often elicits a form of residual vision in the 

cortically blind termed blindsight (Weiskrantz, 1986). In this context, a key question is whether 

perceptual relearning of complex motion can generalize to non-motion stimuli whose temporal 

frequency make-up falls outside the narrow spatio-temporal frequency channels that mediate 

blindsight. We tested this hypothesis by training cortically blind patients on a global direction 

discrimination task and assessing both coarse and fine orientation discrimination of static 

gratings pre- and post-training. Our preliminary results suggest that visual motion training in 

cortically blind fields automatically improves both coarse and fine orientation discrimination of 

static gratings at the retrained locations. Surprisingly, fMRI showed significant peri-lesional 

activity in spared areas of early and higher level visual cortices in the damaged hemisphere of 

both patients post-training. This suggests that visual training may not just stimulate the extra-

geniculo-calcarine pathways thought to mediate blindsight. Instead, training may reactivate 

spared portions of the classical, geniculo-calcarine pathway, eliciting broader-than-normal 

generalizability of visual learning in the blind field. 

 
Huxlin, K.R., Riley, M.E., Martin, T., Kelly, K.N., Friedman, D.I., Burgin, W.S., & Hayhoe, M. 

(2009). Perceptual re-learning of complex visual motion after V1 damage in humans. Journal of 
Neuroscience, 29 (13), 3981 - 3991. 

Weiskrantz, L. (1986). Blindsight: a case study and implications. (Oxford: Oxford University 
Press. 
 
Supported by an unrestricted grant from the Research to Prevent Blindness Foundation to the Flaum Eye 
Institute, NEI core grant P30EY001319 to the Center for Visual Science, the Pfeiffer Foundation, The 
Schmitt Foundation. 
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Hyperspectral imaging of the retina 
 
Dirk De Brouwere, Applied Optics Group, National University of Ireland, Galway 
Alistair Gorman, Heriot-Watt University, Edinburgh, United Kingdom 
Andrew Harvey, Heriot-Watt University, Edinburgh, United Kingdom 
Chris Dainty, Applied Optics Group, National University of Ireland, Galway 
 

Introduction: The clear ocular media provide retinal imaging to be an effective non-invasive 

technique to image microcirculation. We present a hyperspectral retinal imaging for the mapping of 

hemoglobin and oxygen saturation and to explore the possibility of detecting metabolic markers in the 

retina. 

Methods: A slit spectrograph was placed in the retinal plane of a fundus camera (Zeiss FF450+) 

and conjugated to a retinal camera. The registration of the spectral slit on the retinal image features a 

high spatio-spectral resolution over the targeted line in the retina. 

Spectral analysis is done based on a model adopted from the Beer-Lambert law. Non-linear 

optimization of the spectral absorption curves of known metabolic pigments is used to reconstruct the 

“spectral stamp” of each component.  

To validate the results, a model eye has been developed through which blood samples with 

controlled oxygen saturation are perfused in a set of artificial vessels. 

Results and discussion: We compared the spectral outcomes from a group of 5 healthy 

volunteers in different regions of the retina to the outcomes of the model eye. Based on the outcomes of 

the model eye, we estimated the accuracy of the technique through quantification the residual (error) 

spectrum. For the in vivo measurements, we use these residual spectra to discuss the presence of 

residual spectral stamps. 

Conclusions: We have developed a technique for spatially resolved mapping the spectral 

reflectance of the retina. Besides quantification of the hemoglobin and melanin absorption, this technique 

opens perspectives for the quantification of other morphologic markers as cytochrome, luthein and lens 

opacity. 

Delori FC and Pflibsen KP (1989). Spectral reflectance of the human ocular fundus Appl. 
Opt.,28(6). 1061–1077  

Diaconu V (2009) Multichannel spectroreflectometry: a noninvasive method for assessment of on-
line hemoglobin derivatives. Applied Optics 48, D52-D61 

Alaboud I, Muyo G, Gorman A, Mordant A, McNaught A, PetresC, Petillot YR, Harvey AR (2007) 
Spectral Imaging of the retina. Biomedical Optics, 6631, 1-8. 

Hammer M., Thamm E, Schweitzer D (2002) A simple algorithm for in vivo ocular fundus oximetry 
compensating for non-haemoglobin absorption and scattering. Phys Med Biol. 47(17), 233-241 

Khoobehi B., Beach J. M., Kawano H (2004) Hyperspectral imaging for measurement of oxygen 
saturation in the optic nerve head. IOVS 45(5), 1464-1472 

Johnson WR, Wilsond DW, Fink W, Humayun M, Bearman G. (2007) Snapshot Hyperspectral 
imaging in ophthalmology. J Biomed Opt. 12(1) 14-36 
 
Supported by IRCSET Grant No. RCS-751 and SFI Grant No SFI/07/IN.1/1906 
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Neuronal and network mechanisms of the onset of epileptiform activity 
 
Sally P Duarte1, David J Pinto1,2,3 

1 Neurobiology & Anatomy, 2 Biomedical Engineering, 3 Neurology, University of Rochester School of 
Medicine, Rochester, NY, USA 
 

Epilepsy is a chronic disorder marked by recurrent and often unpredictable seizures. 

Classic seizure prediction methods use EEG signal processing algorithms to identify the pre-

seizure period. However, this approach is non-mechanistic and has produced disappointing 

results. Our goal is to elucidate the mechanisms that underlie ictogenesis, the transition from 

normal to pathological neural activity that characterizes the pre-seizure period.  

We focus on both neuronal and, network mechanisms of ictogenesis. At the neuronal 

level, we hypothesize that the intrinsic properties of individual neurons within a network 

contribute to the propensity for ictogenesis in a given brain region. We compare the intrinsic 

properties of neurons in piriform cortex (PC), a region implicated in temporal lobe epilepsy, to 

neurons in somatosensory cortex (S1), a region known to be more clinically stable.  

At the network level, we hypothesize that the underlying architecture shapes the 

spatiotemporal patterns of ictogenesis. Using a computational model we show how network 

parameters, such as size and connection strength, contribute to the propensity for ictogenesis. 

Experimentally, we use fluorescent imaging of tissue from both S1 and PC to compare their 

activity patterns during ictogenesis. Preliminary results suggest that the network structure in 

either region is reflected in the corresponding activity patterns. Networks in S1 are relatively 

continuous and regular and the ictogenic activity is smooth and wavelike. Networks in PC are 

distributed and irregular and the ictogenic activity is patchy and chaotic.  

By focusing on the neuronal and network mechanisms of ictogenesis and their 

interactions, we are better able to elucidate the sequence of events leading up to an epileptiform 

event and understand how that sequence relates to the underlying neural substrate. Our 

intention is to provide a clear and directed strategy for clinical interventions that can stop an 

epileptic episode before it even starts.  
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In vivo high resolution imaging of the nerve fiber layer using an adaptive optics scanning laser 
ophthalmoscope 
 
Alfredo Dubra, Flaum Eye Institute, University of Rochester, Rochester, NY, USA 
Yusufu Sulai, The Institute of Optics, University of Rochester, Rochester, NY, USA 
David R. Williams, Center for Visual Science, University of Rochester, Rochester, NY, USA 
 

The retinal nerve fiber layer (RNFL) is severely affected in glaucoma and other retinal 

neuropathies. To date, only coarse macroscopic features of the RNFL, such as thickness maps, 

and local changes in reflectance can be obtained from in vivo observations. By using a scanning 

laser ophthalmoscope (SLO) equipped with adaptive optics (AO), we have imaged highly 

reflective granular structures in the RNFL at multiple retinal eccentricities. The size of the 

observed granules, larger than the point spread function of the imaging system, does not appear 

to change with retinal eccentricity. This observation, together with the high reflectivity signal 

from these structures is consistent with the axonal varicosities present in retinal ganglion cell 

axons in the eye. These varicosities are rich in mitochondria and microtubules, with the latter 

being a likely candidate for the high reflectance signal. 

 
L. Wang, J. Dong, G. Cull, B. Fortune, and G.A. Cioffi, IOVS 44 (1), 2-9 (2003). 
R.W. Knighton, X. Huang, and Q. Zhou, IOVS 39 (1), 189-193 (1998). 
 
Alfredo Dubra-Suarez, PhD, holds a Career Award at the Scientific Interface from the Burroughs 
Wellcome Fund. 
Supported by the following grants from the NIH: P30EY001319, R01EY004367, R01EY014375, 
T32EY007125, R01EY09339. 
Also supported by the National Science Foundation grant AST-9876783. 
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Wave aberration of the mouse eye 
 
Ying Geng1,2 , Lee Anne Schery1, Kamran Ahmad1, Richard T. Libby1,3 and David R. Williams1,2,3. 
Center for Visual Science1; The Institute of Optics2, Flaum Eye Institute3, University of Rochester, 
Rochester, NY, USA 
 

Purpose: The wavefront sensor spots upon which aberration measurements depend 

have poor quality in mice 1,2 due to light reflected from multiple retinal layers. We have designed 

a wavefront sensor that favors light from a specific retinal layer to establish what benefits 

adaptive optics (AO) might bring to retinal imaging in the living mouse eye. 

Methods: The wavefront sensor used a large diameter beacon to decrease the depth of 

focus. The beacon was focused on outer retina. Using reflected light (794 nm), we measured 

aberrations up to 10th order (321 lenslets filling a 2 mm dilated pupil) in 20 eyes from 10 

C57BL/6J mice between 75 and 150 days of age.  

Results: This method produces wavefront sensor spots with improved quality. By 

discriminating light from different retinal layers, we show that mice are myopic, not hyperopic as 

is frequently reported. The higher order aberrations are smaller than those of the human eye for 

the same numerical aperture. A mouse adaptive optics camera would need to correct Zernike 

orders up to and including at least 6th order to achieve diffraction-limited imaging (Strehl ratio > 

0.8). Without AO, with only defocus and astigmatism corrected, a 0.8 mm pupil size will yield the 

best image quality on average.  

Conclusions: This wavefront sensor design improves measurements in the mouse. The 

optical quality of the mouse eye is remarkably good, better for retinal imaging than the human 

eye. AO can provide additional improvements in retinal image quality and will allow monitoring 

of disease progression and the efficacy of therapy in single animals over time.  

 
[1] Garcia de la Cera E, Rodriguez G, Llorente L, Schaeffel F, Marcos S. Optical aberrations in 

the mouse eye. Vision Res. 2006;46:2546-2553. 
[2] Biss DP, Sumorok D, Burns SA, et al. In vivo fluorescent imaging of the mouse retina using 

adaptive optics. Opt Lett. 2007;32:659-661. 
 
Supported by NIH Grant P30EY001319, R01EY014375; NSF STC grant No. AST-9876783; Research to 
Prevent Blindness. We thank Wanli Chi, Robin Sharma, Jason Porter, Marsha Kisilak, RamKumar 
Sabesan, Lu Yin, Jennifer Hunter, Alf Dubra, Ben Masella, Boshen Gao and Nicole Putnam for their help 
on this work. 
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Two-photon imaging of the living macaque retina 
 
Jennifer J Hunter, Center for Visual Science, University of Rochester, Rochester, NY, USA 
Benjamin Masella, Institute of Optics, University of Rochester, Rochester, NY, USA 
Alfredo Dubra, Flaum Eye Institute, University of Rochester, Rochester, NY, USA 
Robin Sharma, Institute of Optics, University of Rochester, Rochester, NY, USA 
Lu Yin, Center for Visual Science, University of Rochester, Rochester, NY, USA 
William H. Merigan, Flaum Eye Institute, University of Rochester, Rochester, NY, USA 
Grazyna Palczewska, Polgenix, Inc. Cleveland, OH, USA 
Krzysztof Palczewski, Department of Pharmacology, Case Western Reserve University, and Polgenix, 
Inc., Cleveland, OH, USA 
David R Williams, Center for Visual Science, University of Rochester, Rochester, NY, USA 
 

In vivo two-photon fluorescence imaging is widely used as a functional imaging 

technique in biomedical research (Zipfel et al, 2003). Ocular applications have included imaging 

through the sclera of the living mouse eye, to observe changes in retinyl ester storage during 

the retinoid cycle in peripheral retinal pigment epithelial (RPE) cells (Imanishi et al, 2004). To 

access central retinal locations and the inner retina, two-photon imaging through the pupil is 

required. The associated challenges of the low numerical aperture, the poor optical quality of the 

eye, the required high light levels, and eye motion were overcome by using an adaptive optics 

scanning laser ophthalmoscope (AOSLO). Registration of 16,500 low signal-to-noise ratio 

(SNR) two-photon images (12 minute acquisition), based on the eye motion observed with 

simultaneously acquired high SNR near-infrared reflectance images of the cone mosaic, 

produces two-photon fluorescence images of the cone mosaic. As observed with AOSLO 

imaging, fundus photography and fluorescein angiography, the required light levels do not 

produce observable retinal damage. Using intact ex vivo retina, we determined that the two-

photon fluorescence originates in the cone inner segments. The in vivo two-photon signal 

initially increases in response to photopigment bleaching.  
 

Imanishi Y, Batten ML, Piston DW, Baehr W, Palczewski K. (2004) Noninvasive two-photon 
imaging reveals retinyl ester storage structures in the eye. J Cell Biol. 164(3), 373-383. 

Zipfel WR, Williams RM, Webb WW. (2003) Nonlinear magic: multiphoton microscopy in the 
biosciences. Nature biotechnology. 21(11), 1369-1377. 
 
Supported by Polgenix, Inc.; NIH Grants P30EY001319, R01EY004367, R01EY014375, T32EY007125, 
EY09339, EY020715; This work made use of STC shared experimental facilities supported by the NSF 
under Agreement No. AST-9876783; Research to Prevent Blindness; Alfredo Dubra-Suarez, Ph.D., holds 
a Career Award at the Scientific Interface from the Burroughs Welcome Fund; Sponsored by Klaus 
Tschira Foundation Heidelberg, Germany; Supported by the European Life Scientist Organization 
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Using virtual reality to assess the effectiveness of spontaneously-developed compensatory eye 
movement strategies in cortically blind humans 
 
Dana B. Iorizzo, Flaum Eye Institute, University of Rochester, Rochester, NY, USA 
Meghan E. Riley, Flaum Eye Institute, University of Rochester, Rochester, NY, USA 
Mary Hayhoe, Department of Psychology, University of Texas at Austin, Austin, TX, USA 
Krystel R. Huxlin, Flaum Eye Institute and Center for Visual Science, University of Rochester, Rochester,  

NY, USA 
 

Unilateral damage to the primary visual cortex causes extensive, homonymous, loss of vision in 

the contra-lateral visual hemifield, referred to as partial cortical blindness. When stationary, those afflicted 

display a compensatory eye movement strategy that places most relevant visual information in their intact 

visual hemifield. However, cortically blind patients complain of difficulties navigating and avoiding 

obstacles during ambulation. This prompted our hypothesis that their compensatory gaze strategies may 

not be maintained when navigating. To test this hypothesis, we used a head-mounted display with intra-

helmet eye tracking to measure fixations, navigation accuracy and visual detection performance in seven 

patients with cortical blindness and ten visually-intact controls immersed in a naturalistic, virtual 

representation of Penn Station. Our results confirmed prior observations that cortically blind patients place 

most of their fixations in their blind hemifield when stationary and maintain this bias under ambulatory 

conditions. However, this strategy only allows for good detection of peripherally presented, moving 

objects when stationary. Ambulation widened both head movements and horizontal fixation distribution in 

controls, but only head movements in cortically blind patients. While their narrower fixation distribution 

allowed blind subjects to maintain good navigation accuracy, their ability to detect moving objects while 

walking was significantly impaired. Our findings suggest that compensatory gaze strategies developed 

spontaneously by cortically blind patients optimize heading performance, but do so at the expense of 

detecting peripheral targets. By understanding the nature of this trade-off, it may be possible to develop 

more effective rehabilitation strategies for cortical blindness. 

 
Zangemeister WH, Oechsner U, Freksa C (1995) Short-Term Adaptation of Eye Movements in 

Patients with Visual Hemifield Defects Indicates High Level Control of Human Scanpath. Optom Vis Sci 
72:467-477. 

Chedru F, Leblanc M, Lhermitte F (1973) Visual searching in normal and brain-damaged subjects 
(contribution to the study of unilateral inattention). Cortex 9:94-111. 

Ishiai S, Furukawa T, Tsukagoshi H (1987) Eye-fixation patterns in homonymous hemianopia and 
unilateral spatial neglect. Neuropsychologia 25:675 - 679. 

Meienberg O, Zangemeister WH, Rosenberg M, Hoyt WF, Stark L (1981) Saccadic eye 
movement strategies in patients with homonymous hemianopia. Ann Neurol 9:537-544. 
 
Supported by an unrestricted grant from the Research to Prevent Blindness Foundation to the Flaum Eye 
Institute, NEI core grant P30EY001319 to the Center for Visual Science, the Pfeiffer Foundation, The 
Schmitt Foundation. 
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Point Spread Function manipulation through adaptive optics in the illumination path 
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When exploring the optics of the human eye using techniques such as SLODAR 

requiring multiple scattered light "beacons", or when probing the retina with active illumination, 

the illumination may not travel coaxially with the adaptive optics (AO) corrected imaging path. 

Even in cases such as the AO Scanning Laser Ophthalmoscope where the beam is coaxial with 

the imaging path, there is difficulty positioning the desired point spread function (PSF) at the 

retina. It may be difficult to image the success of the probing because of the residual or different 

aberrations, or speckled scattering from the retina, particularly if the PSF is intended to be small 

to isolate particular regions of the retina. A probe beam may need to be steered independently 

of, or supplement, the correction employed in the imaging path. 

We propose to use secondary adaptive optics using a spatial light modulator in the 

illumination path which by displaying diffractive elements will refocus and steer with fine 

precision the focused beacon using off-axis chirps (parabolic wavefronts), or using Bessel 

beams can control depth of focus at the retina while providing a spatial companion beam to the 

fine probe that is easily re-imaged. For example a ring around the central small probe would 

identify where the central illumination arrived even if it werenʼt scattered into the imaging path. 

Feedback through the imaging path allows analysis of the companion component and hence 

refinement of diffraction patterns to improve the probe PSF. 
 

A. J. Lambert, B. J. Birt, D. A. Atchison, and H. Guo “Applying SLODAR to measure aberrations 
in the eye”, Optics Express, v.16 #10, pp. 7309-7322, 2008. 

Measured double-pass intensity point-spread function after adaptive optics correction of ocular 
aberrations, Eric Logean, Eugenie Dalimier, and Chris Dainty, Optics Express, Vol. 16, No. 22, 27 
October 2008, p17348- 

Method to measure off-axis displacements based on the analysis of the intensity distribution of a 
vortex beam, G. Anzolin,* F. Tamburini, A. Bianchini, and C. Barbieri, PHYSICAL REVIEW A 79, 033845, 
2009. 

A. Roorda, F. Romero-Borja, W. J. Donnelly III, H. Queener, T. J. Herbert, and M. C. W. 
Campbell, “Adaptive Optics Scanning Laser Ophthalmoscopy,” Opt. Express 10, 405–412 (2002). 
 
Parts of this work were funded by the QUT IHBI Grant. The first author would like to thank Prof J.C.Dainty 
and Applied Optics, NUI Galway for sponsoring his sabbatical facilitating the completion of this work. 
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Near-IR confocal imaging of the effects of UVR on in vivo skin penetration of quantum dot 
nanoparticles 
 
Luke Mortensen1, Chris Glazowski2, Lisa A. DeLouise1,3, and Jim Zavislan1,2,3,* 
1Department of Biomedical Engineering, 2Department of Optics, and 3Department of Dermatology, 
University of Rochester, Rochester NY, USA 
 

The growing presence of quantum dots (QD) in a variety of biological, medical, and 

electronics applications is causing an increased risk of human exposure in manufacturing, 

research, and consumer use. Preliminary studies have shown the ability of QD to penetrate the 

skin in an increased fashion under barrier compromised conditions (such as UVR or diseased 

states). The cytotoxic effect of QD on skin keratinocyte cells and systemic retention of QD once 

in the bloodstream have also been demonstrated. Despite work in the area, no published 

studies have correlated the barrier effect of UVR damage in vivo with an increase in 

nanoparticle skin penetration. To address these issues, we use transepidermal water loss 

(TEWL) to quantify in vivo barrier damage at a range of UVR doses and relate this to QD skin 

penetration imaged using confocal microscopy. Near-IR in vivo microscopy eliminates the need 

for processing, thereby minimizing the potential for contamination, and provides reduced tissue 

scattering and autofluorescence. Our specially designed dual mode confocal microscope allows 

785nm reflectance imaging of whole tissue skin samples with precise determination of skin cell 

type. The addition of fluorescence enables localization of near-IR emitting QD using 650nm 

laser excitation and is powerful enough to illuminate QD localized as deep as the dermis in a 

mouse model. We are validating our system sensitivity by imaging a QD doped polymer film 

through an epidermal sheet and comparing in vivo results with TEM. Our work will provide 

important insights into environmental factors that drive skin permeability to nanoparticles and 

enable future work in specific targeting of nanoparticles. This knowledge will be used to develop 

powerful therapeutic agents and decreased toxicity cosmetic nanoparticles. 
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Representation of object continuity in neurons of the visual cortex 
 
Philip OʼHerron, Krieger Mind/Brain Institute, Department of Neuroscience, Johns Hopkins University,  

Baltimore, MD, USA 
Rudiger von der Heydt, Krieger Mind/Brain Institute, Department of Neuroscience, Johns Hopkins  

University, Baltimore, MD, USA 
 

One of the remarkable properties of our visual system is the ability to detect and track 

objects in the stream of continually changing retinal images. Theories have proposed that the 

system creates temporary internal representations (“object files”) that persist across changing 

images, providing continuity. But how such representations are formed in the brain is not known. 

One hint comes from the observation of border ownership selectivity in monkey visual cortex: In 

many neurons, responses to a contrast border depend on the side on which the border is 

“owned” by a figure. Previous studies assumed that these neurons represent figure-ground 

organization by assigning borders to the foreground side. Here we test the hypothesis that 

border ownership selective responses reflect the formation of object files. To dissociate the 

object file hypothesis from the figure-ground organization hypothesis, we examined the time 

course of V2 border ownership signals in response to displays that portray object continuity. We 

created displays in which the figure-ground cues reverse, while the objects remain the same. 

The results show that the neurons signal border ownership immediately when new objects 

appear, but when existing objects are rearranged, the initial responses persist, even when the 

figure-ground cues are reversed. Thus, we found persistence depending on object continuity. 

We conclude that border ownership signals reflect the formation of temporary object 

representations. The fast onset of the signals indicates that this process is pre-attentive and 

independent of long-term memory. 
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A normalization model of multisensory integration 
 
Tomokazu Oshiro, Dept. of Brain and Cognitive Science, University of Rochester, Rochester, NY, USA 
Dora E. Angelaki, Dept. of Neurobiology, Washington University, Saint Louis, MO, USA 
Gregory C. DeAngelis, Dept. of Brain and Cognitive Science, University of Rochester, Rochester, NY,  

USA 
 

A basic question in multisensory integration is: how do neurons combine their 

multisensory inputs? Many physiological studies have revealed a set of empirical principles that 

govern how neurons combine multisensory inputs, including the principle of inverse 

effectiveness and the spatial principle for multisensory enhancement (Meredith and Stein, 1986, 

1996). We propose that a multisensory version of divisive normalization, inspired by the work of 

Heeger (Heeger, 1992), can account for a wide variety of findings on multisensory integration.  

Each multisensory neuron in our model receives inputs from two different sensory 

modalities, and performs a linear weighted sum of those inputs followed by an expansive static 

nonlinearity. The response of each model neuron is then divided by the summed activity of all 

other neurons.  

Our normalization model neurons exhibit many of the classic response properties 

described in the physiology literature, including: 1) the principle of inverse effectiveness, 2) the 

spatial principle for multisensory enhancement, 3) multisensory suppression in unimodal 

neurons, 4) super-additive interactions among weak multimodal inputs (e.g., visual and 

auditory), and 5) additive or sub-additive interactions among weak unimodal inputs (e.g., two 

visual inputs). In addition, the normalization model naturally accounts for a puzzling finding that 

we reported for visual-vestibular neurons in area MSTd of macaque monkeys: bimodal 

responses were well fit by a weighted linear summation of unimodal responses, but the linear 

weights appeared to change with stimulus reliability (Morgan et al., 2008). We suggest that 

normalization may provide a unifying computational framework for understanding multisensory 

integration in single neurons.  
 

Meredith, M.A. and Stein, B.E. (1986). Visual, Auditory, and Somatosensory convergence on cells 
in superior colliculus results in multisensory integration. J. Neurophysiology, 56, 640-662. 

Meredith, M.A. and Stein, B.E. (1996). Spatial determinants of multisensory integration in cat 
superior colliculus neurons. J. Neurophysiology, 75, 1843-1857. 

Heeger, D.J. (1992). Normalization of cell responses in cat striate cortex. Visual Neuroscience, 9, 
181-197. 

Morgan, M.L., DeAngelis, G.C. and Angelaki, D.E. (2008). Multisensory integration in Macaque 
visual cortex depends on cue reliability. Neuron, 59, 662-673. 
 
Supported by NIH Grant R01EY016178 
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Contributions of scatter and ocular aberration to decrements in visual performance after 
corneal transplant surgery 
 
Seth M. Pantanelli, Flaum Eye Institute, Rochester, NY, USA 
Ramkumar Sabesan, Center for Visual Science, Rochester, NY, USA 
Brooke E. Miller, Flaum Eye Institute, Rochester, NY, USA 
Xiaowei Cai, University of Rochester, Rochester, NY, USA 
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The goal of this study was to quantify contributions of scatter and higher-order aberration 

in impairing best-corrected visual acuity (BCVA) and contrast sensitivity following penetrating 

keratoplasty (PK), deep anterior lamellar (DALK), or descemetʼs stripping automated endothelial 

(DSAEK) keratoplasty. Three PK, four DALK, and two DSAEK eyes from seven different 

subjects were dilated and an artificial pupil was used to limit pupil size to 4.5 mm. An adaptive 

optics (AO) system was used to measure high contrast visual acuity (VA) and contrast 

sensitivity (CS). For each subject, VA and CS were measured with and without AO correction. 

Contrast sensitivity was measured at 4, 8, and 12 cycles/degree. 

PK, DALK, and DSAEK subjects had 1.07 ± 0.43, 0.77 ± 0.18, and 0.42 ± 0.22 µm of 

higher-order root mean square aberration before AO correction, respectively. PK, DALK, and 

DSAEK subjects had a logMAR VAs before and after AO correction of 0.06 ± 0.11 and -0.10 ± 

0.17, 0.13 ± 0.20 and -0.05 ± 0.21, and 0.19 ± 0.18 and 0.01 ± 0.14, respectively. Predicted 

benefit of AO correction was greatest in PK subjects and lowest in DSAEK subjects, however 

the observed benefit from CS measurements was not significantly different between study 

groups. 

Despite having less higher-order aberration, the DSAEK subjects had poorer BCVA at 

baseline and did not achieve comparable visual performance even with AO correction. We 

propose that this decrement in visual performance results from increased scatter with DSAEK 

due to donor-host corneal stromal interactions. More subjects are needed to further substantiate 

our hypothesis regarding the role of stromal-stromal interaction and scatter. 
Pantanelli S, MacRae S, Jeong TM, Yoon G, “Characterizing the wave aberration in eyes with 

keratoconus or penetrating keratoplasty using a high-dynamic range wavefront sensor,” Ophthalmology 
114(11): 2013-21. 

Javadi MA, Feizi S, Yazdani S, Mirbabaee F, “Deep Anterior Lamellar Keratoplasty Versus 
Penetrating Keratoplasty for Keratoconus: A Clinical Trial,” Cornea 2010 Feb 17. 

Price MO, Price FW Jr., “Descemet's stripping with endothelial keratoplasty: comparitive 
outcomes with microkeratome-dissected and manually dissected donor tissue,” Ophthalmology 113(11): 
1936-42. 
 
Supported by NIH 1K23EY019353-01, 3K23EY019353-01S1, 5R01EY014999, NYSTAR/CEIS, RPB 
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Linear combination of disparity and velocity gradient cues to 3D surface orientation by 
macaque MT neurons 
 
Takahisa M. Sanada, Jerry D. Nguyenkim, Gregory C. DeAngelis 
Center for Visual Science, Dept. of Brain and Cognitive Sciences, University of Rochester, Rochester, NY, 
USA 
 

The visual system makes use of multiple cues to estimate the 3D orientation of surfaces, 

including spatial gradients of binocular disparity, image velocity, and texture. We previously 

reported that many neurons in macaque area MT are selective for 3D orientations defined by 

multiple cues (Nguyenkim & DeAngelis, SFN 2004). In this study, we examined neural 

mechanisms of multiple cue integration. Responses to congruent stimuli (disparity + velocity + 

texture) were fitted by a weighted linear sum of the responses to the three individual cues. 

Weighted linear predictions were generally found to describe the congruent responses well, 

even for neurons with different tilt preferences for disparity and velocity cues. On average, the 

linear model accounted for more than 70% of the variance in congruent responses, and adding 

simple nonlinear terms accounted for little additional variance. The model was frequently able to 

account for congruent responses having a preference between those of the single cues. To 

examine the respective contributions of individual cues, the cue weights were analyzed. Across 

the population of 79 neurons, texture cues tend to show very small weights, whereas velocity 

and disparity cues both show substantial weights. Thus, congruent responses in MT are well 

explained by velocity and disparity cues alone. We find a negative correlation (r=-0.7, p<0.01) 

between disparity and velocity weights across the sample of neurons, suggesting that neurons 

with the strongest velocity gradient inputs tend to have weak disparity gradient inputs and vice 

versa. These findings indicate that MT neurons integrate velocity and disparity cues to surface 

orientation in a linear manner.  
 

Nguyenkim JD, DeAngelis GC. (2004) Macaque MT neurons are selective for 3D surface 
orientation defined by multiple cues. Soc Neurosci Abstr 368.12. 
 
Supported by NEI grant EY013644 
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Chromatic bleaching reveals a rod-driven contribution to intrinsic optical signals of the retina 
 
Jesse Schallek and Daniel Tsʼo, Dept. of Neurosurgery, SUNY Upstate Medical University, Syracuse, 
NY, USA 
 

Near infrared intrinsic reflectance signals (NIR 700-900nm) have been described in the 

retinas of monkeys, cats and humans in vivo. The NIR signals emerge in response to 

stimulation with patterned, visible light (540nm) and are spatially colocalized with the stimulated 

region of retina1. Previous findings from our group indicate that the inner retinal layers are not 

the origin of the dominant intrinsic signals2. The photoreceptors thus seem a logical candidate 

for a light-scattering or metabolic origin of the signals.  

To test the contribution of a rod-driven component, we examined the recovery of intrinsic 

signals after a strong photobleach of the retina, sufficient to bleach nearly 100% of the available 

rhodopsin. Stimulus-evoked intrinsic signals were dramatically reduced after photobleach, 

reaching relative signals strengths 1-5% of dark-adapted levels. The signals recovered slowly, 

taking between 35-55 minutes to fully recover to pre-bleach conditions. When the eye was 

bleached with ten minutes of 630+10 nm light (~680 cd/m2, photopic), signals remained at pre-

bleach levels, showing little effect. Conversely, a ten minute bleach with a 460+10 nm light 

(~40cd/m2, photopic) produced a profound decrement in signal strength that took upwards of 40 

minutes to recover. This bleaching spectral dependency and slow dark-adaptation time course 

is consistent with a rod-driven origin. Intrinsic signals also showed strong activations in rod 

dominated regions of the retina (>10 degrees from the area centralis) where rods are known to 

outnumber cones >60:1 in the cat. Collectively, the data suggest that intrinsic signals are 

sensitive to a rod-driven component. 

 
Schallek, J.B. et al. (2009a) Stimulus-Evoked Intrinsic Optical Signals in the Retina: Spatial and 

Temporal Characteristics. Invest Ophthalmol Vis Sci 50:4865-4872. 
Schallek J.B. et al (2009b) Stimulus-Evoked Intrinsic Optical Signals in the Retina: Pharmacologic 

Dissection Reveals Outer Retinal Origins. Invest Ophthalmol Vis Sci 50:4873-4880. 
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Image correction through atmospheric phase screens using a sharpness metric 
 
Abbie E. Tippie and James R. Fienup, Institute of Optics, University of Rochester, Rochester, NY, USA 
 

We describe how to correct the errors in digital holography in which phase screens in the 

propagation path between the object and the detector introduce anisoplanatic (space-variant) 

blurring in the image. We use a nonlinear optimization approach employing a sharpness metric 

to correct for the space-variant blur. The sharpness metric is designed to overcome false 

oversharpening effects. We show reconstructed images for both simulation and experiment 

results. This work holds potential application for coherent imaging through aberrated tissue, 

atmospheric turbulence, or other random media. 
 

R. G. Lane, A. Glindemann, and J. C. Dainty, "Simulation of a Kolmogorov Phase Screen," 
Waves in Random Media 2, 209-224 (1992). 

S. T. Thurman, and J. R. Fienup, "Phase-error correction in digital holography," JOSA A 25, 983-
994 (2008). 

R. G. Paxman, and J. C. Marron, "Aberration correction of speckled imagery with an image-
sharpness criterion," Proc. SPIE 976, 37-47 (1988). 

J. R. Fienup, and J. J. Miller, "Aberration correction by maximizing generalized sharpness 
metrics," JOSA A 20, 609-620 (2003).  

A. E. Tippie, and J. R. Fienup, "Phase Error Correction for Multiple Planes using a Sharpness 
Metric," Optics Letters 34, 701-703 (2009). 
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Experience-dependent changes in microglial interactions with synapses in mouse visual cortex 
 
Marie-Ève Tremblay1, Kelley D. Sullivan2, Rebecca L. Lowery1, Edward B. Brown3, Ania K. Majewska1 
1Neurobiology and Anatomy and Center for Visual Science, University of Rochester, Rochester, NY, USA 
2Physics and Astronomy, University of Rochester, Rochester, NY, USA 
3Biomedical Engineering, University of Rochester, Rochester, NY, USA 
 

Microglia are the immune cells of the brain. In the absence of pathological insult, their highly 

motile processes continually survey the brain parenchyma (Davalos et al., 2005; Nimmerjahn et al., 2005) 

and transiently contact synaptic elements (Wake et al., 2009). Aside from monitoring, their physiological 

roles at synapses are not known. To gain insight into possible roles of microglia in the modification of 

synaptic structures, we used immunocytochemical electron microscopy (EM), serial section EM with 

three-dimensional reconstructions, in vivo multi-photon fluorescence recovery after photobleaching, and 

two-photon in vivo imaging to characterize microglial interactions with synapses during normal sensory 

experience and sensory deprivation, in the visual cortex of juvenile mice. During normal visual 

experience, most microglial processes displayed direct apposition with multiple synapse-associated 

elements, including synaptic clefts. Microglial processes were also distinctively surrounded by pockets of 

extracellular space with increased diffusion coefficients. In terms of dynamics, microglial processes 

specifically targeted small and transiently growing dendritic spines, which were typically lost over two 

days. Following brief visual deprivation, microglial processes changed their morphology, displayed 

phagocytic structures, apposed synaptic clefts more frequently and enveloped synapse-associated 

elements more extensively. Their associated extracellular spaces also became more extended. While 

microglia became less motile, their preference of contact changed to a subset of larger dendritic spines 

that persistently shrank. Taken together, these findings reveal different modalities of microglial 

interactions with synapses that are subtly altered by sensory experience. These suggest that microglia 

may actively contribute to the experience-dependent modification or elimination of a specific subset of 

synapses in the healthy brain. 
Davalos, D., Grutzendler, J., Yang, G., Kim, J.V., Zuo, Y., Jung, S., Littman, D.R., Dustin, M.L., 

Gan, W.-B. (2005). ATP mediates rapid microglial response to local brain injury in vivo. Nature 
Neuroscience. 8(6): 752-758. 

Nimmerjahn, A.., Kirchhoff, F., Helmchen, F. (2005). Resting microglial cells are highly dynamic 
surveillants of brain parenchyma in vivo. Science. 308: 1314-1318. 

Wake, H., Moorhouse, A.J., Jinno, S., Kohsaka, S., Nabekura, J. (2009). Resting microglia 
directly monitor the functional state of synapses in vivo and determine the fate of ischemic terminals. The 
Journal of Neuroscience. 29(13): 3974-3980.  
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Scholar in the Biomedical Sciences. MÈT is funded by a Fonds de la recherche en santé du Québec 
(FRSQ) postdoctoral training award. 
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Altering the optical properties of hydrogel polymers and living cornea using femtosecond laser 
micromachining 
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Femtosecond laser micromachining is a novel optical process that induces optical 

property changes in bulk materials by highly nonlinear absorption. The nature of the nonlinear 

process makes it a powerful technique to write three-dimensional structures inside bulk 

materials. Using this technique, we have successfully induced large refractive index (RI) change 

in hydrogel polymers, which are widely used to make contact lenses and intraocular lenses for 

vision correction. In un-doped hydrogels, the nonlinear absorption is mostly a weak multi-photon 

absorption process. However, by doping hydrogel polymers with certain dyes that increase the 

material's two photon absorption (TPA), the induced RI changes and scanning speeds 

attainable can be greatly enhanced. Interestingly, femtosecond laser micromachining can be 

also performed effectively in living corneal tissue, locally changing the RI of the corneal stroma 

without apparent tissue destruction. Just as in hydrogels, doping of the corneal tissue with 

Sodium Fluorescein (Na-Fl), a dye that increases its TPA, greatly enhanced the RI changes that 

could be attained in a dose-dependent manner. Electron microscopic analysis of the corneal 

tissue suggests that the RI change was associated with localized densification of collagen fibrils 

in the stroma. Ongoing studies are exploring the use of femtosecond laser micromachining to 

alter the optical properties of corneal tissue in situ, over an extended period of time. 

 
[1]. Li Ding, Richard Blackwell, Jay F. Kunzler, and Wayne H. Knox, “Large refractive index 

change in silicone-based and non-silicone-based hydrogel polymers induced by femtosecond laser micro-
machining”, Optics Express, 14, 11901 (2006). 

[2]. Lana J. Nagy, Li Ding, Lisen Xu, Wayne H. Knox, and Krystel R. Huxlin, “Potentiating of 
femtosecond laser Intratissue Refractive Index Shaping (IRIS) in the living cornea with sodium 
fluorescein”, Investigative Ophthalmology & Visual Science, 51, 850 (2010). 
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the Research to Prevent Blindness Foundation, by the National Institutes of Health (R01 EY015836 to 
KRH and Core grant P30EY001319 to the Center for Visual Science), by a grant from Bausch & Lomb 
Inc. and from the University of Rochester's Center for Electronic Imaging Systems, a NYSTAR-
designated Center for Advanced Technology. The authors thank Tracy Bubel and Jennifer Swanton for 
excellent technical assistance in performing the histology described in this study. 



27th Symposium: Poster Abstracts 

Center for Visual Science P19 June 3-6, 2010 

AAV-mediated gene delivery to retinal ganglion cells in the macaque eye 
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We are developing methods to study the function of different classes of ganglion cells in 

the living macaque retina. This involves inserting either genetically encoded calcium indicator 

(e.g., CaMP3) or light-gated ion channel (e.g., ChR2) using viral vectors to permit study of the 

physiological response of the ganglion cells and/or to modulate their activity with light. 

The first step is to insert high concentrations of gene products into macaque ganglion 

cells without damaging the cells. We found that intravitreal injection of adeno-associated virus 

serotype 2 (AAV2), with a human connexin 36 (hCx36) promoter, transduced foveal ganglion 

cells with high efficiency, as indicated by expression of green fluorescent protein (GFP). Visual 

testing showed that the injection and the dense GFP expression did not disturb vision. However, 

AAV2 transduction was confined to within ~ 2.5 degree retinal eccentricity from the fovea. With 

the goal of finding an AAV vector that could overcome this spatial limit, we examined another 

two AAV2 serotypes: AAV5 and AAV9 single tyrosine mutant (AAV9.Y446F), as well as an 

AAV2 variant (triple tyrosine mutant: AAV2.Y444,500,730F), all with the hCx36 promoter, and 

none of which has been examined in macaque eye before. Particularly promising was the AAV2 

variant which produces greatly increased transduction efficiency in mouse eye (Petrs-Silva et 

al., 2009). We found, using high resolution adaptive optics imaging, that AAV5 produced 

extended transduction outside the fovea relative to AAV2, with GFP-expressing ganglion cells 

visible up to ~ 6 degree retinal eccentricity. AAV5 and AAV9.Y446 also transduced ganglion 

cells located in mid- to far- peripheral retina. Surprisingly, AAV2.Y444,500,730F produced no 

transduction over a time period sufficient for stable expression of AAV2, AAV5 or AAV9.Y446F. 

Our current focus is to insert G-CaMP3, or ChR2 into macaque ganglion cells with 

AAV2- and AAV5- hCx36 vectors. 

 
Petrs-Silva H, Dinculescu A, Li Q, Min SH, Chiodo V, Pang JJ, Zhong L, Zolotukhin S, Srivastava 

A, Lewin AS, Hauswirth WW (2009) High-efficiency transduction of the mouse retina by tyrosine-mutant 
AAV serotype vectors. Mol Ther 17:463-471. 








