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Optical Imaging

Our goalin this project is to determine functional organization of visual cortex. The visual system of primates has been the most
intensely studied sensory system given its major importance to humans and other primates. Of special importance are studies that
compare the anatomical and functional organization of visual cortex across various primate species, since persistent similarities
across species can add to our understanding of common underlying principles of the visual system. We used a new technique,
optical imaging of intrinsic signals, to examine the functional organization of primary visual cortex (V1) in distant primate relatives of
humans, the bush babies (Otolemur gaetti) and owl monkeys (Aotus trivirgatus). Until recently, the most commonly used technique
to study the functional organization of the primate brain was recording from individual neurons (by means of electrophysiology).
While this method is a powerful study tool, allowing one to record the responses of individual cells with very fine temporal
resolution, it is not very effective in creating overall functional maps of entire cortical areas, such as V1. By contrast optical imaging
can be used to map the functional organization of large regions of visual cortex simultaneously at fairly high resolution
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Awake Behaving Monkeys

Our primary research goal is to understand more fully the
functional role of the visual thalamus in human vision. We
combine the precision of single unit electrophysiology with the
power and freedom of an awake behaving animal preparation.
We work with various species of macaque monkeys (indigenous
to Asia and Northern Africa) because they have visual systems
designed very similar to humans, and equally important, they are
intelligent enough to learn very complicated visuomotor tasks.

After behavioraltraining,recording
from cells can begin. The first step i to
locate our thalamic nucleus of interest.
the lateral geniculate nucleus (LGN).
We accomplish this via M

sterotaxic atlas of the monkey brain,
Atleftis a coronal MRl image showing
the location of both LGN (cicled in
blackl. The vertical black ine-
represents our recording electrode.
with s tip positioned within the left
LGN,

Behavioral Training

Many LGN cellsare color selective. This
Before recording from single neurons, figure s a peri-stimulus time h
asingle LGN cell o presentations of
colored stimul inside its receptive feld
(RF) center. This cellincreased is firing
fate when red, green, and white stimuli
were flshed nisFF (ed e green
trace,and black

decreased is firing rate i
sl was ahed i 1 FF e rce),
“This cell would be classified a

OFf helow ON cloropponentcel.

Spot (+) until a colored stimulus was
presented on screen (). In this task,
shifting gaze to the stimulus elcited
reward (a drop of uice).

Tasks vary in complexity. The visually o m——

quided saccade task shown atleft

tasks the monkeys learn.

Another topic of great interest is the role attention plays in Electrophysiological Recordings
filtering our visual experience. We know that the eyes see much
more than we are aware of at any given moment. This process of
filtering the visual stream could occur at a number of sites within
the visual pathway, including the LGN. We hypothesize that
visualfiltering occurs at the LGN and that the combination of
awake behaving monkeys , complex, attention-demanding tasks,
and electrophysiology will help reveal this process.
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Behavioral Training
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Dynamics of sptial frequency tuning and its geneation
in primate primary visual ertex (V1)

Tie response seletivities of visual sytem neurns ae ically egulated by and pahways. Frior
studies of V1 in lcaque moneys shaved that the preferred spaial frequency (SF) of some neans shits over ime bward higher
SFs (Bedfeldt and Rngach,2002;Mazer et al.2002) This shit could either efled: 1) the elative SF peferences and laencies of laeral
geniculate nucleus (GN) ®) (K) input pthways, 2) a emoval of seledivity to lower
SFs though cortical inhibition, or 3) some embination. In this stug we used the tah one-hunded eledrode Uah aray
(Qyberkinetics) and everse orrelation analysis b examine the esponse dynamics of V1 newns in the posimian pimate bush baty
(Otolemur gametti). Results shaved that the shitis of preferred SF ould be divided irto four groups. Not only increases but also
decreases of peferred SF wer time were found. The laency of adivity increased with the higher SF of stimuluso mater in one
neuron or between neuons. e also bund that the temporal dynamics of SF jeference do not difier between llis lecated in G
blobs and irterblobs These esult suggest thathe dynamics of SF tuningauld be acounted for by both feedforward and
intracortical pahways.
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‘patia Frequency (oideg)

Figue:A Example of thesponse gnamics of neans b the pesertation of difffent SFsX axistime; Y axisSFZ axisnomalized
adivity for one neuon. B Four examples of the shifof preferred SF ver time: The first ow shows the SF tuning cwe & T-dev. The
second row shows the SF tuning btween T-de and T-decThe third row shows the SF tuning cue & T-dec Four types of shifs over
time in preferred SF were obsewed in 66 ells in wo cases1) the peferred SF inazased monobnically (31 ells 47.0%)2) the peferred
SF first inazased oer time © a maximum and then deeased (24 ells 36.4%)3) Tie preferred SF stped the same (7l 10.6%)4)
the preferred SF deaased monobnically from T-dev to T-dec (4 ells 6.1%). The four cells peserted ae examples fom each of these
four groups.C. Brolution of preferred SF in time
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The cells' mean firing rate from the time

We also study the role of neuronal synchrony in the coding of visual information. Synchrony has been considered an
alternate to changes in firing rate as a method of neural coding. It is attractive in light of the fact that many perceptual
phenomena (e.g. hyperacuities) cannot be explained in terms of changes in firing rate, and also the fact that a code based on
synchrony has a great dynamic range is easily generates downstream responses.

We have had great success studying synchrony in the bush baby. Using the Cyberkinetics multielectrode array (See Fig. 1),
we have generated strong and reliable recordings from over 75 neurons over a 30 hour period. Our data have shown a few
possible ways that a code based on spike synchrony can be better than a code based on firing rate. For example, our data have
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How Many ical Pathways Are There?
Given thtall isulsignals forconsious sl perceptionare ransitteto corte i he dorsal ateral gem(ulale nuceus LGNt ismportant toundersand how i
ferent aspects of visual stimulus reach the cortex in parallel. Since the initial propos: rallel Hubel (1988) the ques-
tion still remains: there? Inan auempl recording
visually evoked potentals Either smal (0 25u1) orarge 1 of, label gan-
glon cels After 2 35 day survivl the animals were deply anesthetized, ting ted,and gangion cell morphology was revealed lhrough photofill-
ing (Dacey, 2003). Cellular structure was analyzed by confocal Atleast classes
were found to project to the LGN in bush babies based upon each cell’: 1) Genai et dommens 2)aspect atio o dendritc arbor 3) organization and complexity of den-
dritic array.
Inadeiton o verfing that midget and parasol ganglon cllsproject t the LGN parvoceluar and magnacellulr layers, vespe((lve\y (Yamada et.al, 1998),we found
retina; O'Brien et
(@s seenin ina; Dacey & Packer, 2003),and a fan' el
type not characterized previously. Given the factthatal but one o these
classes of cells has been identified in several species supports that idea

dLGN \ayevi were identfed

that there are at least 5 classes olganghon cells,and thus at least 5 distinct

addition, our data have shown that responses are rough the visual hierarchy very
quickly and efficiently. Our goals are to investigate the feed-forward, local and feedrba(k circuits that are involved in the
generation of spike and oscillatory synchrony. In addition, we will examine the role of neuronal synchrony in coding for
contours embedded in illusory images. These studies will shed light on coding of visual information in the visual cortex in the
primate brain.

Figure 2: Data from the Bionics Acquisition Pro-
gram.A, Firing rates of each electrode integrated
over 100 ms. B, Graphs of the last 25 spikes for each
electrode. C, Raster plot showing activity of each

Figure 1:The Cyberkinetics Multielectrode Array.Itis clectrode,

4X4 mm array with 100 electrodes.

functional pathways, that send parallel

conscious il perception. Conrently e are continuing this project by
doing much smaller injections (using iontophoresis) of modified live.
Rabies virus (which Flourescent

in the LGN in order to be able to better localize which types of ganglion
cells projection of specific functional layers of the LGN.

Photographs of bush baby retinal ganglion cels taken from 25°-30°
eccentric from the center of area centralis. Al cells were retrogradely
labeled with dextran, tetramethylrhodamine and filled by photofilling
A s amidget cell digitally photographed at 63X. B is a parasol cell digi
tally photographed at 40X. C s a confocal image of a large sparse cell
taken at 40X. D is a confocal image of a theta-like cell taken at 40X. E is
a digital image of  fan cell type taken at 40KX.

Other past and future projects in our lab.

Histological studies of connections between different layers of visual cortex and LGN. itis known that LN
sends visual information to visual cortex via at least three different streams. Also, visual cortex is subdivided into six major layers. One of the
areas of research in our lab s to obtain detailed anatomical information on subcortical and cortical connections of parallel visual pathways.

Neurons communicate with each other via synapses. There are many types of synapses in the brain, with different
morphologies, neurotransmitters and receptors used. The types of synapses and receptors determine the range of functions performed. Our
lab has conducted a variety of ultrastructural studies to determine the microcircuitry of visual cortex.

Molecular mechanisms of axonal guidance. buring development, billions of nerve cells make presise connections with each
other. How is such specificity achieved? One of the studies in our lab concentrated on L1, a molecule playing an important role in

pathfinding,

Studies of multisensory perception. itis not immediately apparent, but our different senses, such as vision and hearing o touch
can interact with each other. For instance, the ventriloquist effect is a perception of a voice comming from the dummy, due to visual
perception of the dummy’s mouth moving in accordance with sound. Our lab is planning to conduct a series of electrophysilogical
experiments to determine mechanisms of interaction between vision and audition.




