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the brain’s window on the world

# of retinal output 

neurons:106

# of cortical neurons:

2 × 1010



The laminar structure of the retina
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 Photoreceptors(PR)           input

 Horizontal cells (HC)

 Bipolar cells (BC)             interneurons

 Amacrine cells (AC)

 Ganglion cells (RGC)       output

The laminar structure of the retina
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Neuronal subtypes in the retina

Masland 2001



Visual processing by the retina

108 rods + 6*106 cones

106 RGC

Pixels visual image to the brain

visual processing by the retinal circuits



Vertical and lateral processing in the retina

Santiago Ramón y Cajal

Vertical pathway

Photoreceptor

Bipolar cells

Ganglion cells

Lateral modulation

Horizontal cells

Amacrine cells



ON and OFF retinal ganglion cells (RGCs)

Haldan Hartline

(1967 Nobel Laureate)

ON RGC:  

↑ firing at light onset 

↓ firing at light offset

OFF RGC:  

↑ firing at light offset 

↓ firing at light onset



Center-surround receptive fields  enhanced edge response



Antagonistic surround:  result of lateral inhibition
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RGCs respond to temporal changes in stimuli

No change

↓

No visual percept



RGCs respond to temporal changes in stimuli

Tremors

Slow drifts

microsaccades

Eye movement even during fixation

to prevent visual fading



Temporal filtering: synapses and delayed inhibition

Cone resp is faster and more transient with HC inhibition

Different bipolar cells have different time course 
of glutamate receptor desensitizatioin



Parallel representation of the visual scene by 

different RGC subtypes

Different RGC subtypes: Parallel channels 

for transferring information with different properties to the brain



Receptive field tiling of RGC subtypes
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Direction selective retinal ganglion cells (DSGCs)



Origin of direction selectivity in DSGCs

Starburst amacrine cell
Reciprocal inhibition  selective for centrifugal motion



Origin of direction selectivity in DSGCs

Starburst amacrine cell
Reciprocal inhibition  selective for centrifugal motion



Origin of direction selectivity in DSGCs

A single starburst can provide null-direction inhibition to 

four subtypes of DSGCs with different preferred directions.



Population coding by DSGCs

Joel Zylberberg et al., 2016



Rapid neural coding

Tim Gollisch et al., 2008



Plasticity in the retina:  short-term depression

Felice Dunn et al., 2008



Plasticity in the retina:  long-term potentiation

Hong-ping Wei et al., 2008



Retinal connectome

To map the 

connections of all 

neurons within retina 

or within a function-

ally defined retinal 

circuit



IPL reconstruction

Moritz Helmstaedter et al., 2013



Molecular markers for retinal neurons

Sandra Siegert et al., 2012
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W3-RGCs: most numerous RGCs in the retina



W3 cells do not participate in routine visual processing

Zhang et al 2012



Non-linear spatial summation in the W3 cells

Zhang et al 2012



Strong suppression from motion in the surround

Zhang et al 2012



Suppression from a large area

Zhang et al 2012



Suppression from a large area

Zhang et al 2012



W3 circuit

Zhang et al 2012



Why W3?  Object detector?



Why W3?  - Aerial predator detector?
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