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Fig.3, copyright 2015. http://www.nature.com/nature/ 
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it is clear that he 
no longer clearly 
understands the 
meaning of the 
sounds, sights, 
and other 
impressions that 
reach him. In 
addition,  Brown 
and Schäfer, and 
later Klüver and 
Bucy, reported 
reduced 
aggression, fear 
and defensive 
behaviours. 
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Aso et al. (2014) 
The neuronal 
architecture of the 
mushroom body 
provides a logic for 
associative learning, 
eLife 2014;3:e04577, 
p.4 Video 1 http://
elifesciences.org/
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CC BY 4.0

http://elifesciences.org/content/3/e04577


The Kenyon cells, the 2,000 intrinsic neurons of the mushroom body encode the 
olfactory code and their output synapses are responsible for plasticity underlying 
memory formation. 
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copyright 2001. http://
www.nature.com/nbt/ 

＊

http://www.nature.com/nbt/


Functional imaging at cellular resolution

Ronald L. Davis (2011) Traces of Drosophila 
Memory, Neuron 70(1):8–19, p.11 Fig.3.
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パブロフの犬

Ivan PavlovConditional stimulus（条件刺激）: Bell ringing 

Unconditional stimulus（非条件刺激）: Food

Adapted from image by MaxxL, from 
Wikimedia Commons
https://commons.wikimedia.org/wiki/
File:Pavlov%27s_dog_conditioning.svg
CC BY-SA 4.0
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Perisse et al. (2013) Shocking 
Revelations and Saccharin 
Sweetness in the Study of 
Drosophila Olfactory Memory, 
Current Biology 23(17): R752–
R763, p.R755 Fig.2. http://
www.sciencedirect.com/science/
article/pii/S0960982213009214 
© 2013 Elsevier Ltd. CC BY 3.0
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Vogt et al. (2014) Shared mushroom body circuits underlie visual 
and olfactory memories in Drosophila, eLife 2014;3:e02395, p.14 
Fig.9 http://elifesciences.org/content/3/e02395 CC BY 4.0

http://elifesciences.org/content/3/e02395
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Associative logic by Aso Aso et al. (2014) Mushroom body 
output neurons encode valence and 
guide memory-based action selection 
in Drosophila, eLife 2014;3:e04580, p.25 
Fig.14(A and B) http://elifesciences.org/
content/3/e04580 CC BY 4.0
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Associative logic by AsoAso et al. eLife 2014;3:e04580, p.25 Fig.14(B and C) CC BY 4.0



Odor　匂い

KCs

DAN1　電気ショック DAN2　ショ糖

MBON1 MBON2

Compartment 1 Compartment 2

入力

出力



MB output neuron

odor shock

KC

valence ±, approach or escape

回路の模式図



MB output neuron

shock

KC

学習

valence ±, approach or escape

odor

回路の模式図



MB output neuron

shock

KC

学習

valence ±, approach or escape

odor

回路の模式図



memory formation under microscope
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