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Chemical senses:
olfaction

One of human senses

A window to the brain

An interface with a poorly understood world of chemicals



“Did you ever try to measure a smell? Can you tell whether one smell is just 
twice as strong as another. Can you measure the difference between one 
kind of smell and another. It is very obvious that we have very many different 
kinds of smells, all the way from the odor of violets and roses up to asafetida. 
But until you can measure their likenesses and differences you can have no 
science of odor. If you are ambitious to found a new science, measure a 
smell.”

- Alexander Graham Bell (1914)

If you are ambitious to found a new science, measure a smell.”
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courtesy of Kay Zhao, 
Monell Chemical Senses Center
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Human: ~ 350
Mouse: ~ 1200
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Discovery of Neptune  (September 24, 1846)

Urbain Le Verrier (1811-1877)
Johann Gottfried Galle  (1812-1910)
Heinrich Louis d’Arrest (1822-1975)







GABAglutamate







M/T - mitral tufted cells
PG - periglomerular cell

ET - external tufted cell
SA - short axon cell

GC - granule cell
BC - Blane cell

Graeme Lowe, Olfactory Bulb: Synaptic Organization, Encyclopedia of Life Sciences, 2007
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From Mori & Sakano, 2011; adapted from Luskin & Price, 1983
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R Carey, et. al., J. Neurophysiol. 2009

Temporal structure of receptor neuron input 
to the olfactory bulb imaged in behaving rats. 
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EEG Clin Neurophysiol 2: 377-388 (1950).

In less deep anaesthesia the olfactory discharges appear against a background
of continuous irregular activity and as the anaesthesia lightens the continuous activity becomes
more and more prominent until it may be no longer possible to detect any changes due to the
stimulus (fig 9C)”

“In very deep anaesthesia when the bulb is quiet, a moderate olfactory stimulus sets up a
discharge of impulses in the mitral axons at each inspiration and there are no impulses between
(Fig. 9A).

Fig.9

Edgar Adrian
1889-1977
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• temporally diverse





R Shusterman, et.al., Nature Neuroscience, 2011
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odor responses are temporally diverse
460 cell-odor pairs:       136 excitatory responses

139 inhibitory responses
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pyramidal neuron integration time: ~10 ms

Science, 2002

Neuron 2009



Sensory (olfactory) coding 
from behavioral perspective 
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Gill, J. V., Lerman, G. M., Zhao, H., Stetler, B. J., Rinberg, D., & Shoham, S.
Precise Holographic Manipulation of Olfactory Circuits Reveals Coding Features Determining Perceptual Detection.

Neuron, 108(2), 382–393.e5. (2020). 
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• Can we emulate a perceptual object?

• What features of neural code are perceptually accessible?

• What features of the neural code are relevant  for specific behaviors?
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• Can we emulate a perceptual object?
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J. Neurophysiol. 2009






~50.000 M/T cells
~15.000 excitatory responses

111 time (ms) 358
0

136

ce
ll-

od
or

 p
ai

rs

-40

0

40

80

120

0

15K

1K

ce
lls

0

?



Primacy
coding

A
G

H

L

F

K

p

time
tp

concentration invariance 
mechanisms for forming the code
mechanisms for reading the code
the code is consistent with some known behavioral phenomena

=>  small temporal window is relevant for behavior
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• Primacy coding for concentration 
invariance

• Multiple coding features are 
perceptually accessible

vs• Paradigm for evaluation of behavioral 
relevance of coding features  
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• Spatial-temporal template matching 
model for perceptual distances
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