
A few questions on the content of the 
previous lecture
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Sulci represent...on the surface of the 
brain, while gyri represent...

ⓘ Start presenting to display the poll results on this slide.
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Cerebral hemispheres control the...side of 
our body.

ⓘ Start presenting to display the poll results on this slide.
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The sympathetic and parasympathetic 
branches belong to the...

ⓘ Start presenting to display the poll results on this slide.
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Any questions/remarks before we begin 
today’s lecture?
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Dr. Lavinia Carmen Uscătescu

Visual Neuroscience

November 27th 2023

6



Outline
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1. The eye

2. The retina

3. The visual pathway

4. The lateral geniculate nucleus

5. The visual cortex



The eye
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adapted from Purves et al. (2018), p. 449

There are 6 extra-ocular muscles which enable the eyeballs to move:  

- the superior and inferior oblique

- the superior and inferior rectus

- the medial and lateral rectus          =>     horizontal movements

vertical movements
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adapted from Purves et al. (2018), p. 450
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The extra-ocular muscles are innervated by 3 cranial nerves:

- the superior, inferior, and medial rectus, and the inferior oblique => cranial nerve III (oculomotor)

- the superior oblique => cranial nerve IV (trochlear)

- the lateral rectus => cranial nerve VI (abducens)
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Purves et al. (2018), p. 234
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contains neurons that are sensitive to light and transmit visual signals to the brain

rich capillary body that nourishes the retinal photoreceptors

contains muscles that adjust the size of the pupil

adjusts the refractive power of the lens

outermost, opaque layer of the eye

transparent extension of the sclera to the front of the eye

supplies nutrients to the cornea and lens

maintains eye shape and contains 

phagocytic cells that remove blood 

and other debris that might 

otherwise interfere with light 

transmission (its failure leads

to floaters)

highest visual acuity

region where the retinal axons leave the retina to form the optic nerve; contains the blind spot

(no photoreceptors)

connective tissue bands that

hold the lens of the eye in place

produces the aqueous humor, which then flows through the pupil into the anterior chamber

Structure of the eye

also called crystalline lens; 

transparent, mostly proteinaceous; 

focuses light onto retina



The retina
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The retina

Kandel et al. (2021), p. 522

foveola = the center of the 

fovea; contains only cone 

cells, more densely packed 

than anywhere else on the 

retina => maximal acuity 

visual axis = a line passing from the centre of the visual field of the eye, 

through the centre of the lens, to the fovea.

Note that the optic nerve is protected by meninges.

Mtui et al., (2021), p. 327

If you need a refresher on refraction and reflection, please see: https://www.britannica.com/science/light/Reflection-and-refraction
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https://www.britannica.com/science/light/Reflection-and-refraction


Purves et al. (2018), p. 239

There are five basic classes of neurons in the 

retina: photoreceptors (i.e., rods and cones), 

bipolar cells, ganglion cells, horizontal cells, 

and amacrine cells. The cell bodies and 

processes of these neurons are stacked in 

alternating layers, with the cell bodies located 

in the inner nuclear, outer nuclear, and 

ganglion cell layers, and the processes and

synaptic contacts located in the inner 

plexiform and outer plexiform layers. 
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Light rays must pass through various 

non-light-sensitive elements of the 

retina as well as the retinal vasculature 

before reaching the outer segments of 

the photoreceptors where photons are 

absorbed.

The reason for this curious feature is 

that the cells that make up the retinal 

pigment epithelium have long processes 

that extend into the photoreceptor 

layer, surrounding the tips of the outer 

segments of each photoreceptor. 

Purves et al. (2018), p. 240
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Cones are much less sensitive to 

light; they make no contribution

to night vision but are solely 

responsible for vision in daylight. 

Their response is considerably 

faster than that of rods. 

Rods can signal the absorption 

of a single photon and are 

responsible for vision under 

dim illumination such as 

moonlight. But as the light level 

increases toward dawn, the 

electrical response of rods 

becomes saturated and the cells

cease to respond to variations 

in intensity.

Kandel et al. (2021), p. 525

Rods and cones
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Color vision

(A) Light absorption spectra of the four 

photopigments in normal human retina. 

Solid curves represent the three cone 

opsins; the dashed curve shows rod 

rhodopsin for comparison. 

(B) Mapping the distribution of 

different cone types within the 

living retina. 

Purves et al. (2018), p. 248

light

electromagnetic radiation having 

wavelengths between ~400 and 700 nm

Cones can be classified according to their spectral

sensitivities: blue: short (S)     green: medium (M)     red: long (L)

opsins

G-protein-coupled receptors present in the 

photoreceptor cells of the retina

rhodopsin

G-protein-coupled receptors present in the 

rod photoreceptors

photon

a single unit of light
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Phototransduction

Action potentials are not required to transmit information over the relatively short distances => in the retina,  photoreceptors

(i.e., rods and cones) do not exhibit action potentials, but a graded change in membrane potential (graded potentials).

Stimulating a photoreceptor => membrane hyperpolarization rather 

than depolarization. 

As in other nerve cells, transmitter release is dependent on voltage-

sensitive Ca2+ channels in the terminal membrane: (a) in the dark, 

photoreceptors are relatively depolarized => many open Ca2+ channels

=> high rate of transmitter release; (b) in the light, photoreceptors are 

hyperpolarized => fewer open Ca2+ channels => reduced rate of 

transmitter release.

The reason for this unusual arrangement compared with that in other 

sensory receptor cells is not known, but it may have to do with the 

challenge of responding to both increases and decreases of luminance. 
Purves et al. (2018), p. 242
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Retinal ganglion cells

Stephen Kuffler
(1913 — 1980) 

Stephen Kuffler discovered that retinal ganglion cells had a central region that excited the neuron 

and a surrounding region that antagonized the center. Each ganglion cell responds to stimulation of 

a small circular patch of the retina, which defines the cell’s receptive field. 

Two classes of 

ganglion cells

Purves et al. (2018), p. 253

Light onto receptive field

ON-center

action potentials

OFF-center

no action potentials

This is how edges/contours are delineated

https://tinyurl.com/yckxy9d5
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Lateral inhibition

Lateral inhibition is produced in the retina by interneurons (horizontal and 

amacrine cells) that pool signals over a neighborhood of presynaptic feedforward

cells (photoreceptors and bipolar cells) and send inhibitory signals back to them.

The typical center-surround receptive field structure of a ganglion cell is the 

combination of the excitatory center created by the feedforward cells and the 

inhibitory surround formed by the interneurons.

Purves et al. (2018), p. 257
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visual field

area that can be seen when the eyes are fixed on a 

single point (135º vertically and 180º horizontally)

Visual field

https://tinyurl.com/8xnv8wdj

The visual field => two components:

(1) Left visual field: detected by the right temporal retinal 

fibres (outer) and left nasal retinal fibres (inner);

(2) Right visual field: detected by the left temporal retinal 

fibres (outer) and right nasal retinal fibres (inner).

Note that the nasal fields of vision from each eye overlap in 

forward gaze => when assessing visual fields, it is important 

to assess each eye individually.
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https://tinyurl.com/8xnv8wdj


Locate the blind spot on your own retina

Kandel et al. (2021), p. 525
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The visual pathway
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Components of the visual pathway

Retina

Optic nerve

Optic chiasm

Optic tract

Optic radiations

Visual cortex

https://tinyurl.com/8xnv8wdj 23

https://tinyurl.com/8xnv8wdj


https://tinyurl.com/8xnv8wdj

Optic nerve:  cranial nerve II; made up 

of >1 million myelinated axons of the retinal 

ganglion cells; transmits visual information 

from the ganglion cells in the retina to the 

visual cortex (occipital lobe).

Optic chiasm: the location where retinal fibres of the optic 

nerve cross over (i.e., decussate).

Note that not all retinal fibers cross over: nasal retinal fibres 

cross at the optic chiasm to join the temporal fibres on the 

other side, but temporal retinal fibres do not cross at the optic 

chiasm and are joined by the nasal fibres from the other side.

https://tinyurl.com/8xnv8wdj

The optic nerve and the optic chiasm
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Neurons from the 

lateral geniculate body 

(collectively called “optic 

radiation”) pass dorsally towards 

the calcarine sulcus. They form two loops: (1) upper

(through parietal lobe) => inferior visual field, and

(2) lower (through temporal lobe) => superior visual field.

The optic tract and the optic radiation The left and right optic tract are continuations of the 

optic nerves. These tracts  synapse with the lateral 

geniculate body within the midbrain (considered an 

extension of the thalamus).

The right optic tract corresponds to the left visual 

field and the left optic tract corresponds to the right 

visual field.

https://pubmed.ncbi.nlm.nih.gov/31167653/

https://tinyurl.com/45t6zmnn
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https://pubmed.ncbi.nlm.nih.gov/31167653/
https://tinyurl.com/45t6zmnn


The lateral geniculate nucleus
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Bear et al., (2015), p. 339

Bear et al., (2015), p. 338

The lateral geniculate nucleus (LGN) is composed of six layers =>  different types of retinal information are 

being  kept separate. 

At the LGN, input from the two eyes is kept separate. 

In the right LGN, the right eye (ipsilateral) axons

synapse on LGN cells in layers 2, 3, and 5. The left eye 

(contralateral) axons synapse on cells in layers 1, 4, and 6.
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In addition

https://pubmed.ncbi.nlm.nih.gov/33832683/

https://www.pnas.org/doi/10.1073/pnas.94.11.5900

Schematic illustration of neuronal connections between the eyes and the LGN 
in the macaque monkey. The connections subserving the left and right eyes 
might be either parvocellular (P, about 80%), magnocellular (M, about 10%) or 
others (K, I, or S about 10%, not shown). The different types of ganglion cells 
in the retina are intermixed, although the percentage of P cells is higher in the 
central retina than at the periphery. In the LGN, layers 1 and 2 are magnocellular 
(red), and layers 3–6 parvocellular (green). The set of M ganglion cells in a given 
eye that project to the contralateral LGN terminate in layer 1, whereas those that 
project ipsilaterally terminate in layer 2. The P ganglion cells project to layers 
3 and 5 to the LGN on the same side, and 4 and 6 on the opposite side. 
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The visual cortex
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Subdivisions of the visual cortex

Bear et al., (2015), p. 357

https://www.youtube.com/watch?app=desktop&v=MhFJIgeY-ZY

retinotopy

mapping of the visual 

input from the retinas 

to neurons within the 

visual stream

V1 is also called “striate cortex”, while V1 – V5 are “extrastriate areas”.
30

https://www.youtube.com/watch?app=desktop&v=MhFJIgeY-ZY


https://tinyurl.com/3pypzp9x

https://www.youtube.com/watch?v=ePP0G7FJGPI

Primary visual cortex (V1, or striate cortex) Cells in V1 are selective for orientation

V1 is organized in six layers, the fourth one receiving input

from the LGN. It contains simple and complex cells. The simple

cells respond to preferred orientations/edges, while the complex

ones respond to moving oriented bars.
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V1 and ocular dominance columns

The presence of ocular dominance columns was also discovered 

by David Hubel and Torsten Wiesel. They noted that cells with 

different ocular preference did not appear to be “scattered 

at random through the cortex.”

https://www.youtube.com/watch?v=1EMf2Y0YCX8

Human ocular dominance columns 

(fMRI at 7 tesla). The image depicts a 

3 mm thick slice through a flat 

portion of the cortex on the lower bank 

of the calcarine sulcus. Differential 

increases in activity following left eye 

stimulation (blue) and right eye 

stimulation (red) with a flickering 

checkerboard; arrows indicate the 

locations of left (cyan) and right (yellow) 

ocular dominance columns. 

Adams & Horton, (2009)
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https://www.nobelprize.org/prizes/medicine/1981/summary/

https://mediatheque.lindau-nobel.org/recordings/37943
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https://www.nobelprize.org/prizes/medicine/1981/summary/
https://mediatheque.lindau-nobel.org/recordings/37943


https://www.youtube.com/watch?v=IOHayh06LJ4

The experiments of David Hubel and Torsten Wiesel

A serendipitous moment

The whole story, as told by Torsten Wiesel

https://www.youtube.com/watch?v=aqzWy-zALzY

https://www.youtube.com/watch?v=8VdFf3egwfg&t=68s

Listening to the V1 neurons firing
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V2 and the what v. where pathways

V2 receives input from V1 and performs more 

complex information processing, e.g., responding 

to differences in color, spatial frequency, 

moderately complex patterns, and object 

orientation. V2 sends feedback connections to 

V1 and has feedforward connections with V3-V5. 

Information leaving V2 splits into the dorsal and ventral streams, 

specialized in processing different aspects of visual information. 

The dorsal (“what”) stream => object recognition, while the ventral

(“where”) => spatial tasks and visual-motor skills.

Mishkin, Ungerleider, & Macko, (1983)

Bear et al., (2015), p. 357
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V3, V4, and V5

https://tinyurl.com/4j6kep9m

• V3 is much less characterized compared to the other areas, and

has no clear histologic delineation from V2. It is

though to contribute to the perception of color and motion.

• V4 is part of the ventral visual stream, and is specialized in 

perceiving colors. Lesions in this area => cerebral achromatopsia. 

• V5 is part of the dorsal visual stream, and is sensitive to motion

and direction.
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Further reading

https://www.jneurosci.org/content/40/1/44.abstract
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https://pubmed.ncbi.nlm.nih.gov/28634086/ https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1007957

More on the LGN and the complex V1 cells
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https://pubmed.ncbi.nlm.nih.gov/28634086/
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1007957


https://pubmed.ncbi.nlm.nih.gov/19218231/
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