Brain Research Institute at University of California, Losngeles
Prof. Michele Basso
2016 November 18th

Brain processes for foveating a visual targe
here-and-now

Laurent Goffart, PhD

@ | nw

(Aix Marseille

Neurobiological foundations of space and time

IE space and time ar priori andnecessaryorms of intuition from which knowledge becomes possibl¢
THEN one should be able to find some neurobiological substrate for these notions
(and THEREAFTER, eventually appreciate

- the biological nature of knowledge and
- how it is built upon interactions between an organism and its environment).
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Space and time at the foundation of knowledge
(as conditions of its possibility)

“ What then are time and space ?
Are they real beings (existences) ?

Or, are they merely determinations or relations between things ?
And those relations, are they such that they would remain between
things, even though they would never become objects of intuition ?

Or, are they such thahey belongonly to the form of intuition,
and consequently the subjective constitution of the mind
without which these predicates of time and space could not
be attached to any object'?

Immanuel Kant
Critique of pure reaso(l.781)

The orienting reaction (OR) as a probe to search fo
the neural foundations of "space”

The OR : a set of coordinated and organized muscle contractions / relawdticngead to orient
rapidly one (several) sensory organ(s) toward an object (its location)
1) ORs are relatively accurate

-> to thephysical locationof an object corresponds tflew of neural activity
fromthe time when the object is detected
to the time when the associated orienting reaction ends.

2) ORs are accurate over a large range of different physical locatis

-> different locations can berderedalong dimensions, e.g., the H and V extents.
Both H and V dimensions are commonly considered as driven by a topographically
organized map of labeled lines (superior colliculus/optic tectum).

-> this map is an inferred entity age single target is aimed at a time
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Control .. % Muscimol (left cFN)
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Dysmetria affects eye and head movements
Muscimol injection in the left cFN (0.3 pl; 1pg/pét G)
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Horizontal eye maximum velocity (deg/s)

No sign of movement execution disorder
Muscimol injection in the left cFN (0.3 pl; 1pg/pét G)
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Bilateral hypothesis What about the sustained activity in cFN ?
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Directional field of fixational saccades
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Fastigial Oculomotor Region and the Control of Foveation During Fixation

Lorenzo Guerrasio,' Julie Quinet.? Ulrich Biittner.' and Laurent Goffart®

jet ?
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Behavior and neuroanatomy

In the monkey, a spatial deficit similar to that observed irctteis observed
when one considers the microsaccades generated when a visuasthegey fixated.

The difference between the feline and primate disorders could fresnltifferences
in the extent of fastigio-tectal projections.

Rhesus macaque Cat

(May et al.Neuroscienc&990)
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If the fixation offset corresponds to an
altered encoding of foveal target,
what is visual fixation ?

Fixation is classically considered as a state whgazé& and 'target'
position / displacemerirelated signals match (zenaotor error)

-> this line of thinking assumes an encoding of magnigude
such agosition / displacemertr error (signals of a spatial kind)

- it does not explain what “zemnmotor errof* means, neurophysiologically speaking

lateral

Visual Fixation as Equilibrium: Evidence from Superior
Colliculus Inactivation

Laurent Goffart,' Ziad M. Hafed,” and Richard J. Krauzlis®4

Journal of Neuroscience 2012
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lateral
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Equilibrium requires symmetry

The symmetry could be achieved by
S\ modulations exerted by projections
from the cFN to the brainstem

Experimental prediction
after muscimol injection in the rostral SC
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Equilibrium requires symmetty

The symmetry could be achieved by
)/~ modulations exerted by projections
from the cFN to the brainstem
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— O pre-injection
~ O post-injection

J Newrophysiol 103; 1988-2001, 2010,
First published Febuary 3, 2010; doi-10.1152/ja.00771.2009.

Fastigial Oculomotor Region and the Control of Foveation During Fixation

Lorenzo Guerrasio,' Julie Quinet Ulrich Biittner.' and Laurent Goffart’

J Newrcplysiol 93 2343-2349. 2005,
First published November 24, 2004; doi10.115Yjn 00705 2004,

Saccade Dysmetria in Head-Unrestrained Gaze Shifts After Muscimol
Inactivation of the Caudal Fastigial Nucleus in the Monkey

J Neurcphysiol 95: 1260-3283, 2007.
First published October 10, 2007 doi: 10,1 152/jn 007412007

Head-Unrestrained Gaze Shifts After Muscimol Injection in the Caudal
Fastigial Nucleus of the Monkey

Electrical Microstimulation of the Fastigial Oculomotor Region in the
Head-Unrestrained Monkey
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Does the Brain Extrapolate the Position of a Transient
Moving Target?
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J Neurophysiol 16: 000-000, 2016.
First published Septembes 28, 2016; doi10.115230.00519.2016.
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Learning the trajectory of a moving visual target and evolution of its tracking
in the monkey
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Hor. eye position ()
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Constant velocity
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J Newrophysiol 116: 000000, 2016.
First published September 28, 2016; doiz10.1152/jn.00519.2016.

Learning the trajectory of a moving visual target and evolution of its tracking
in the monkey
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