Visual System

Eye with Retina

Retinofugal Projection
(Optic Nerve, Optic Chiasm, Optic Tract)

Lateral Geniculate Nucleus
Striate Cortex

Extrastriate Cortex
(Dorsal Stream, Ventral Stream)



Electromagnetic Spectrum
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Only Electromagnetic Radiation with Wavelengths of 400 — 700 nm
is Visible to the Naked Human Eye



The Eye

Zonule
fibers

Iris
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" Lens Fovea
Sclera Light
Optic
nerve Cornea
Aqueous /
humor % “ Optic nerve
Ciliary
Extraocular muscle
muscles ;
3 Lavers: Vitreous
o Layers. humor Sclera
» Quter Layer: Sclera ("White of the Eye") —
Cornea (Refracts Incoming Light)
. . . 3 Cavities:
- Middle Layer: Choroidea (Contains Blood : _ _
Vessels) — Ciliary Body (Where the Lens is . Ant_erlor Cavity: In Front of the Lens (Contains
Suspended) - Iris (Provides the Eye's Color; Fluid)

Surrounds Pupil)

» Middle Cavity: Behind the Lens (Contains Fluid)

* Inner Layer: Retina (Contains Photoreceptors) -+ Posterior Cavity: Vitreous Body




Refraction by the Cornea and the Lens
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focal distance (m)

Refractive power (diopters) =

Light Must be Focused on the Retina at the Back of the Eye



Accommodation by the Lens

Far Objects: Little Refraction (Flat Lens)
Near Objects: Greater Refraction (More Spherical Lens)




Retina, Viewed Through an Ophthalmoscope

Optic disk
(blind spot)

Macula

Fovea

Blood R .
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retina retina




Basic System of Retinal Information Processing

Ganglion cell axons
projecting to forebrain

Horizontal —
cell

Photoreceptors

LIGHT

Third Neuron:

Ganglion Cells

Second Neuron:

Bipolar Cells

First Neuron:

Photoreceptors (Rods, Cones)



Laminar Organization of the Retina

Light

Ganglion cell
layer

Inner plexiform
layer

Retina

Inner nuclear
layer

Outer plexiform
layer
4

QOuter nuclear
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A photoreceptor

1 outer segments
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Histology of the Retina
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Histology of the Retina
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Rod Photoreceptor:

* Long, Cylindrical
Outer Segment

» ~120 Million Rods
per Eye

* Vision in Low Light
(Scotopic Vision)

* Only Black and White

Rods and Cones

W W Synaptic
terminals
—— b bl . 2
Cell
Inner
segments
( . Outer
photo- segments
receptor
J
Rod Membranous disks

photoreceptor containing photopigment

Cone Photoreceptor:

» Shorter, Tapering
Outer Segment

* ~ 5 Million Cones
per Eye

 Vision in Daylight
(Photopic Vision)

 Color



Blind
Regional Gty in Retinal
Differences Rogs Rods Structure
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Cones
N
fel e ey
70°  50° 30° 10° 0 10° 30° 50° 70° 90°
-€— Distance across retina >
Central Retina (Fovea): Temporal Central Nasal Peripheral Retina:
periphery retina periphery
* Only Cones * Rods and Cones
* One-to-One « Convergent

Signal Transduction 0 0 Signal Transduction

* High Spatial
Resolution

* Low Spatial
Resolution

Peripheral retina Central retina Peripheral retina



The Fovea
(Perhaps the Most Valuable Area of Your Body)

|ayer

Inner nuclear
Iayer

Outer nuclear
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Phototransduction

Disk membrane Cell membrane [ Cell membrane

sodium channel




Relative response

Color Vision in Cones
(Young-Helmholtz Trichromacy Theory)

430 530 560

’ “Green”\/‘ ‘

cones /

“Red”
cones

“Blue”
cones

| | | | I I

400 450 500 550 600 650
Wavelength (nm)

Spectral Sensitivity
of the Three Types of Cone Pigments

Color Mixing
(Equal Amounts of Blue, Green,
and Red — White)



Bipolar Cells (Second Neuron)

Receptive field Receptive field
center surround

Photoreceptor

Horizontal cell

Bipolar cell

Lightin Light in
receptive field receptive field
center surround

Photoreceptor
hyperpolarized

Photoreceptor
hyperpolarized

Horizontal cell

hyperpolarized
Bipolar cell Bipolar cell
depolarized hyperpolarized

Antagonistic Center-Surround Receptive Fields



Ganglion Cells (Third Neuron)

Three Types of Ganglion Cells:

* M Cells (Top Right)
Magnocellular (Large) Neurons (~ 5%); Detection of Movement

* P Cells (Top Left)
Parvocellular (Small) Neurons (~ 90%); Detection of Shape and Texture

* Non M-Non P Cells
Heterogeneous Population (~ 5%)




Ganglion Cells (Third Neuron)

L cone Mcone Scone

- - — -
=

Lateral geniculate
body:

"""""""""""""""""""" Koniocellular
: = w layers

‘, Parvocellular
layers

Magnocellular
layers

A Layers B Midget- and parasol ganglion cells C Blue cone system

Nieuwenhuys et al.
The Human Central Nervous System Springer 2008



Ganglion Cells (Third Neuron)

Mcomla BD.D\S ll_cone

Starburst
amacrine cell

Accessory optic
tract nuclei

D Rod system E Melanopsin- F Movement- l\/ Suprachiasmatic nucleus
containing selective
ganglion cell bistratified \

ganglion cell Optic chiasm

Nieuwenhuys et al.
The Human Central Nervous System Springer 2008



Retinofugal Projection

N. opticus

Chiasma
opticum

Tractus
opticus
Corpus
geniculatum
Tractus laterale Thalamus
Corpus opticus
geniculatum
laterale

Corpus
geniculatum " /. _, .
mediale j _ -y

N. opticus

Radiatio
optica

Chiasma
opticum , 1

Polus

occipitalis Mesencephalon

Optic Nerve — Optic Chiasm — Optic Tract — Lateral Geniculate Nucleus — Optic Radiation



Retinofugal Projection

nasales Gesichtsfeld
des rechten Auges

temporales Gesichtsfeld
des rechten Auges

nasale Retina

temporale Retina

N. opticus

Chiasma opticum

Tractus opticus

Corpus
geniculatum
laterale

Sehrinde
(Area striata)




Lateral Geniculate Nucleus (LGN)

Level of section:

Thalamus
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Koniocellular Layers (1 — 6)

6 Layers: Magnocellular Layers (1 — 2) and Parvocellular Layers (3 — 6)



Lateral Geniculate Nucleus (LGN)

Left LGN
6

Axons from M Cells: 1,2 Right LGN %
Axons from P Cells: 3,4,5,6 2 ﬂ
Axons from Non M-Non P Cells: 1-6 1
Axons from lpsilateral Eye: 2,3,5

Axons from Contralateral Eye: 1,4,6

6

\

Left Left
nasal temporal
retina retina

Right  Right
temporal nasal
retina  retina

Fourth Neuron:
LGN Cells




Optic Radiation




Primary Visual Cortex = V1 = Striate Cortex = Area 17

Fifth Neuron:
V1 Cells

1cm Area 17

Calcarine
fissure



V1: Cytoarchitecture
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tecture

Myelin Stain (Gallyas)
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V1: Cytoarchitecture and Myeloarchitecture

~Gennaris str
£ I‘ , s : S = %

Vi

Gelnn_ari s stripe

Zilles et al.
European
Neuropsychopharmacology
2002




V1: Stria of Gennari
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V1 and V2: Interindividual Variability

A B rain 1;%0718%[

Left Hemisphere

" Brain #16/96"
_Left Hemi phe&

........

Bl Area 17
Area 18

''''''''

CALS: Calcarine Sulcus
POS: Parieto-Occipital Sulcus

Amunts et al.
Neurolmage 2000



: Connectivity

Layer Ill
11
Layer IVC
IVA
Layer VI lVB
LGN Neurons
\
Spiny Stellate IVC
Cells
in Layer IVC v
Layer Il
VI
Layer IVC White matter
Layer VI

Other Pons and LGN
cortical superior
areas colliculus



V1: Ocular Dominance Columns

Injection of Radioactive
Proline into One Eye
of a Macaque Monkey ...

To cortex
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V1: Ocular
Dominance Columns

1: fovea centralis

optic chiasm

contra: 1,4, 6

catcarir]e

| sulcusin V1 Nieuwenhuys et al.

| The Human Central Nervous System Springer 2008



V1: Ocular Dominance Columns

 Macaque

» Left V1

« Computer
Reconstruction

Hor
Occipital Pole

B

Nieuwenhuys et al.
The Human Central Nervous System Springer 2008 1 cm




V1: Cytochrome Oxidase Blobs

Cytochrome
oxidase
blobs

Histochemical Stain for
Cytochrome Oxidase (CO)
(Mitochondrial Enyzme
Used for Cell Metabolism)
\J
Columnar Pattern
in Layers I, lll, V, and VI:
Blobs (CO-Rich)
Interblobs (CO-Poor)




V1: Cytochrome Oxidase Blobs

« Squirrel and Macaque Monkey
« Cytochrome Oxidase Histochemistry

Keller et al.
Journal of Neuroscience 2011



V1: Cytochrome Oxidase Blobs

« Squirrel Monkey
* Double Staining:
- Cytochrome Oxidase
Histochemistry (A) &
- Collagen Type IV
Immunofluorescence (B)

Vascular Density in Blobs
~ 4.5% Higher
than in Interblob Regions

Keller et al.
Journal of Neuroscience 2011




Mitochondrion: Ultrastructure
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Berg et al.
Stryer Biochemie Springer Spektrum 2013



Cytochrome-C-Oxidase

Parameter for Oxidative
Metabolic Activity of a Cell

Hdm a

Berg et al.
Stryer Biochemie Springer Spektrum 2013



1.

Cytochrome-C-Oxidase Histochemistry
| Anleitung A18.14 [

Cytochrom-C-Oxidase
Herstellen des Inkubationsmediums:

10-15 mg p-Aminodiphenylamin (die freie Base, nicht
das Hydrochlorid) und

10-15 mg 1-Hydroxy-2-naphthylsaure oder Naphthol-AS-LG
in 0,5 ml Dimethylformamid oder 100 % Ethanol |6sen.
Dazu 50 ml 0,05 M Phosphat(Sorensen)- oder Tris-HCI-
Puffer pH 7,2-7,4 mischen (Puffertabelle im Anhang).
Alles gut mischen und filtrieren.

Hemmstoffe: Kaliumcyanid (0,0065-0,065 %) und Natrium-
acid (0,0065 %).

Methode:

1.

Man inkubiert im Inkubationsmedium ausschlief3lich un-
fixierte native Gefrierschnitte bei 37 °C fiir 30-120 min.

2. Nach der Inkubation kommen die Praparate fir 1 h direkt
in 1% Kobaltnitrat (oder Kobaltacetat) in 5 % Formalinlo-
sung, um das Reaktionsprodukt zu stabilisieren.

3. Anschlieend wird in Aqua d. gewaschen

4. In Glyceringelatine einschliel3en.

Ergebnis:

Positive Strukturen farben sich blaubraun bis schwarzbraun.

Rat Gastric Mucosa Glands

Mulisch et al.
Romeis Mikroskopische Technik
Springer Spektrum 2015



V1: Orientation Columns

Visual Receptive Cell discharge
stimulus field

Screen

— _ Light stimulus

Microelectrode —
in striate cortex |
recording action
potentials

Receptive Field Mapping

OO0 ®



Orientation (degrees)

V1: Orientation Columns

Electrode track
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Vi1 V1: Orientation Columns

Cortical

Blobs
Module

e EEne

Ty

IV

Orientation
V columns
VI

Ocular dominance
columns



V1: Ocular Dominance and Orientation Columns
Subject 1 Subject 2

Yacoub et al. Proceedings of the National Academy of Sciences of the United States of America 2008



V1: Putting Things Together

Striate {

cortex

-

Magnocellularu
LGN layer 1 —

Contralateral
retina:
M-type
ganglion cell

Magnocellular
’ LGN layer 2

Ipsilateral
retina:
M-type
ganglion cell

Magnocellular (M) Pathway

[I'and IlI

Interblob

Blobs

Q

IVC

}IVB
/

=

Parvocellular
LGN layers @
4 and 6 Y

Contralateral
retina:
P-type

ganglion cell

Ipsilateral
retina:
P-type
ganglion cell

Parvocellular (P) Pathway

Object Motion

Object Form

}II and Il

Il and Il

Lo

o
B} IVC

Koniocellular

layers ventral @
to LGN layers Y
1and 4 ‘

Contralateral
retina:
nonP-nonM
ganglion cells

Koniocellular
@ layers ventral
Y toLGN layers
6 2and 3

Ipsilateral
retina:
nonP-nonM
ganglion cells

Non M-Non P (K) Pathway

Object Color
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Nieuwenhuys et al. Toet *"
The Human Central Nervous System Springer 2008 lecium




V1 ->V2

Pale Stripe

Thick Stripe /' | J itérpateh

>~ Region®
i A

V2 ' 4B V1

Sincich et al.
Science 2002
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M:I‘\:\dorsal stream

ventral
Strea\nQ

\M'ay ..
A/

= 1
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M:I‘\:\dorsal stream

e\

ventral -
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Color- and Disparity-Selective Columns in V2 and V3

Disparity Co-registration

3 Subjects

Nasr et al.
Journal of
Neuroscience
2016




Other dorsal
areas

Other ventral
areas

Extrastriate Cortex (Macaque Monkey)

Dorsal stream

Ventral stream

—— MST -——

MT\V‘\\

V3 «—\V2 «— V1

%

< |T €— V4

« Dorsal Stream (— Parietal Cortex):

Perception of Position and
Movement of Objects in Space
("Where")

* Ventral Stream (— Temporal Cortex):
Perception of Intrinsic Object
Properties (e.g., Color, Shape, Size)
("What")




Extrastriate Cortex (Macaque Monkey — Homo)

y = ’
b 4
Tootell et al.

Journal of Neuroscience 2003 S Unger leider et al.



Extrastriate Cortex (Homo)

sup. par.lob
intrapariéetal V3a
sulcus S
' V3 rigto-occipital
inf.par.lob
[ % V2 (

sup.temp.gyrus

lingual gyrus

| % :, -::Qilaleral sulcus
fusiform gyrus
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Nieuwenhuys et al.
The Human Central Nervous System Springer 2008



Retinotopic Mapping

Buckner et al.

Polar Angle Eccentricity  nNeuroimage 2014




Extrastriate Cortex (Homo)

opened intjgparietal—\(\ -
sulcus-with subfields Sup.par.{o

4 PEp_MIP

VBA

s

Frontal
lobe

Vdy V3 V2 V1

Nieuwenhuys et al.
The Human Central Nervous System Springer 2008



