
Mechanisms of stimulus feature 
selectivity in sensory systems

1. Orientation and direction selectivity in the visual cortex
2. Selectivity  to sound frequency in the auditory cortex 
3. Feature selectivity in the somatosensory system.  



Orientation selectivity in the primary 
visual cortex

1. Hubel and Wiesel experiments
2. The H&W model – a simple feedforward model
3. Predictions of the H&W model
4. Mismatches between H&W model and experimental data
5. Recurrent models for orientation selectivity
6. Experiments that support the H&W – intracellular recording data
7. Advanced imaging experiments and  the H&W model 
8. Optogenetic manipulations of specific types of neurons



Orientation selectivity



Receptive fields in the retina



Receptive fields in V1,  H&W 
experiments



Data from H&W experiments: flashing 
bars : “complex cell”



H&W model for simple cells



Hubel and Wiesel, 1962
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H&W model for complex cells



H&W model for 
simple cells



H&W model for complex cells



Visual cortex cell



Binacularity



Hubel and Wiesel, 1962

The Feedforward Model

LGN

Cortical Simple cell

Hubel and Wiesel model 



Predictions of the H&W model for 
simple cells do not match the data

Major Failures of the FF model of H&W:

1. Contrast invariance
2. Cross-orientation suppression
3. Mismatch  of receptive field maps and orientation tuning
4. Missing response at the null orientation
5. Pharmacolgy: blocking GABA(a) causes widening of TC.  





Predictions of the H&W model for 
simple cells: actual data



Predictions of the H&W model:
Failure 2: cross-orientation suppression 



Predictions of the H&W model:
Failure 3: 

Mismatch  of receptive field maps and orientation tuning

Gardner et al. 1999
Extracellular data 



Hubel and Wiesel, 1962

The Feedforward Model

LGN

Cortical Simple cell

Predictions of the H&W model:

Failure 4: Missing response at the null orientation



Predictions of the H&W model:

Failure 5: Pharmacolgy

The effect of bicuculline on tuning curve of simple cells 

Sillito 1975



Predictions of the H&W model:

Failure 5: Pharmacolgy

Sillito et al. 1980



Recurrent models for orientation selectivity

Somers et al. 1995



Recurrent models for orientation selectivity

Somers et al. 1995



Recurrent models for orientation selectivity

Somers et al. 1995





Experiments that support the H&W – intracellular 
recording data. The role of noise in contrast 

invariance
1. Contrast invariance

Anderson et al. 2000



Experiments that support the H&W – intracellular 
recording data. The role of noise in contrast 

invariance
1. Contrast invariance

Priebe and Ferster 2012



Experiments that support the H&W :
The role of noise in contrast invariance

1. Contrast invariance

Priebe and Ferster 2012



Experiments that support the H&W – measurements of 
sensory evoked conductance in-vivo

2. TC of excitatory and inhibitory inputs

Heiss et al. 2008
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Synaptic current 

Ei ~= -80 mV
Ee~ = 0 mV



Experiments that support the H&W – Excitatory and 
inhibitory inputs have similar TC

2. TC of excitatory and inhibitory inputs

Anderson et al. 2000

orientation



Experiments that support the H&W – Mismatch  of 
receptive field maps and orientation tuning.

Intra cellular data show why TC and RF do not match at 
spikes level because of the iceberg effect

Lampl et al. 2001

Spikes data

Vm data



Experiments that support the H&W – Mismatch  of 
receptive field maps and orientation tuning.

Intra cellular data show why TC and RF do not match at 
spikes level because of the iceberg effect

Priebe and Ferster 2012



Experiments that support the H&W – Cross-orientation 
suppression

Priebe and Ferster 2012



1. Experiments that support the H&W – Cross-
orientation suppression

Priebe and Ferster 2012



Experiments that support the H&W:
New insights on the pharmacological effects on TC 

Katzner et al. 2011



Experiments that support the H&W:
New insights on the pharmacological effects on TC –

the iceberg effect 

Katzner et al. 2011



Recurrent models for orientation selectivity

Issacoson and Scanziani 2011



Two Photon (2P) Imaging studies of the visual cortex 
1. Contrast invariance

Wilson et al. 2012



Optogenetic studies of the visual cortex 
1. Contrast invariance

Attalah et al. 2012



Optogenetic studies of the visual cortex 



Cortical circuits amplify tuned thalamic inputs without 
altering orientation selectivity



Auditory cortex – lateral  suppression
1. Inhibition?

Sutter et al. 1999



Auditory cortex – Excitation and inhibition are co-tuned 
to sound intensity and frequency

1. Inhibition?

Wehr and Zador 2003



Auditory cortex – Excitation and inhibition are co-tuned 
to sound intensity and frequency

1. Inhibition?

Wehr and Zador 2003



1. Inhibition?

Li et al, 2014

Auditory cortex – Excitation and inhibition are co-tuned 
to sound intensity and frequency

AWAKE



Inhibition Adapts More than Excitation

Heiss et al. 2008

rest



Selectivity to direction of whisker deflection

Wilent and Contreras 2005



Selectivity to direction of whisker deflection:
Excitation but not inhibition is selective

Wilent and Contreras 2005



Selectivity to direction of whisker deflection:
Response to preferred direction is NMDA dependent 

Lavzin et al. 2012




