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Mouse Olfactory System

Mori ＆Sakano, Annu. Rev. Physiol. (2021)



Combinatorial Patterns of Activated Glomeruli

Mori ＆Sakano, Annu. Rev. Neurosci. (2011)

Olfactory Map Formation

One neuron – one receptor rule

One glomerulus – one receptor rule

(Odor map)



Olfactory Map Formation

I.  Single gene choice (One neuron – one receptor rule)

II.  OR-instructed axonal projection (One glomerulus – one receptor rule)

1. Stochastic gene activation by cis-acting enhancer elements
(Serizawa et al., Nat. Neurosci., 2000; Science, 2003; Nishizumi et al., PNAS, 2008)

2. Negative-feedback regulation by functional ORs
(Serizawa et al., Science, 2003)

1. A-P axis: Intrinsic receptor activity
(Imai et al., Science, 2006; 2009)

2. D-V axis: Positional information of OSNs
(Miyamichi et al., J. Neurosci., 2005; Takeuchi et al., Cell, 2010)

3. Glomerular segregation: Spontaneous neuronal activity
(Serizawa et al., Cell, 2006; Nakashima et al., Cell, 2013)



Interpretation of Olfactory Maps

I. Pattern recognition of activated glomeruli

(for learned decisions)

II. Stimulation of functional domains

(for innate decisions)



Innate Decision is Independently Made from Learned Decision

Kobayakawa et al., Nature (2007)

Kobayakawa et al., Daily Telegraph (2007)



Two Types of Olfactory Decisions 
Made during Respiration

Innate

Mori ＆Sakano, Front. Neural Circuits (2022)
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Innate Olfactory Circuits

Takeuchi et al., Cell (2016)
Inokuchi et al., Nat. Commun. (2017)
Nishizumi et al., Commun. Biol. (2019)



Inokuchi et al., Nat. Commun. (2017)

Both OSN axons and MCs are Nrp2  in the ventral OB +

Coregulation of OSN Projection and 
Migration of Projection Neurons by Nrp2 



MC-Specific Nrp2 cKO Affects Attractive Social Behaviors

Inokuchi et al., Nat. Commun. (2017)



Axonal projectionCell migration

In Utero Electroporation of hNrp2 into the Embryonic OB

Inokuchi et al., Nat. Commun. (2017)

(Nrp2 changes the fate of Nrp2- projection neurons)



Is a pattern of activated glomeruli recognized 

as a whole?

Or, does a single glomerulus induce a specific 

odor response?

How is the Odor Map Interpreted 
for Innate Responses?



Channel-Rhodopsin KI Mouse of TMT-Responsive Olfr1019

Saito et al., Nat. Commun. (2017)
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Immobility but not Aversion is Induced 
by Photo-Activation of Olfr1019

WT KI

Saito et al., Nat. Commun. (2017)



Time Course Analysis of Various Behaviors 

Saito et al., Nat. Commun. (2017)



Olfr1019 KO Affects Immobility, but not Aversion
(Responses to TMT)

Saito et al., Nat. Commun. (2017)



1. Sema7A/PlxnC1 signaling triggers 
activity-dependent olfactory imprinting 

2. Oxytocin is needed to impose the 
attractive quality on imprinted memory                                         

Innate Olfactory Behaviors 
can be Changed by Imprinting



Imprinting Discovered by Dr. Konrad Lorenz



Synaptic reinforcement ?

Re-wiring of axonal projection ?

Learning during the critical period?

How is the Olfactory Imprinting 
Induced ?



Olfactory Critical Period in Mice

Inoue et al., eLife (2021)



Sema7A Signaling Promotes Synapse Formation 
within Glomeruli

Inoue et al., Nat. Commun. (2018)



Imprinting is Activity-Dependent
(Sema7A expression is odor-evoked)

Inoue et al., Nat. Commun. (2018)



PlxnC1 Determines the Time Frame of Critical Period
(PlxnC1 is localized to M/T-cell dendrites

only during the first week after birth)

Inoue et al., Nat. Commun. (2018)



KO of Sema7A/PlxnC1 Affects 
Synapse Formation and Dendrite Selection

Inoue et al., Nat. Commun. (2018)



PlxnC1 cKO

Inoue et al., eLife (2021)

Three Chamber Test
(Olfactory inputs in neonates are essential for 

establishing sociality as adults)



Synaptic Reinforcement in Olfactory Imprinting
(VNL exposure)

Inoue et al., eLife (2021)



Olfactory Imprinting Increases Odor Responsiveness
Habituation/Dishabituation

(VNL-exposed)

Inoue et al., eLife (2021)



Odor Preference is Changed by Imprinting

Katori et al. (unpublished)



4MT4MT

unconditioned 4MT-conditioned (P2～4)

Imprinted Memory Changes Odor Responses
(Aversive odorant 4MT)

Inoue et al., eLife (2021)



Imprinted Olfactory Memory Reduces Stress Reactions
Suppression of ACTH rise

Inoue et al., eLife (2021)



Odor Preference Test
(Oxytocin is needed to impose the positive quality on imprinted memory)

Inoue et al., eLife (2021)



Odor Responsiveness is Increased Even in the Oxt KO

Inoue et al., eLife (2021)



Social Memory Test
(Social-memory formation is restored in the Oxt KO 

by Oxt administration in neonates)

Inoue et al., eLife (2021)



Adaptive Changes in Odor Preference



Two Conflicting Decisions for 4MT
(innate vs. memory-based)

Mori ＆Sakano, Annu. Rev. Physiol. (2021)
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