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Elucidating mechanisms of synapse specificity in the mouse olfactory system
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Neural circuits emerge through the interplay of genetic programming and
activity-dependent process. During the development of mouse olfactory map, axons segregate into
distinct glomeruli in an olfactory receptor (OR)-dependent manner. ORs generate a combinatorial code

of axon-sorting molecules, whose expression is regulated by neural activity. However, how neural
activity induces OR-specific expression patterns of axon-sorting molecules remains unclear. Here we
revealed that the temporal patterns of spontaneous neuronal spikes were not spatially-organized, but
were correlated with the OR types. Moreover, optogenetically differentiated patterns of neuronal
activity induced specific expression of the corresponding axon-sorting molecules and regulated
axonal segregation. Thus, OR-dependent temporal patterns of spontaneous activity play instructive
roles in generating the combinatorial code of axon-sorting molecules during olfactory map formation.



MRARAE BIEHR

“

(olfactory receptor: OR) R R MREK
1
(OR)
OR
( )
1000 OR 1
(Buck L.
& Axel, R. Cell, 1991)(1 -1
) OR
(Mombaerts P. et al., Cell, 1996)(1 -1
) 1) OR
OR “«
OR OR
OR
(Serizawa S. et al., Cell, 2006)
”OR ”»
OR
()
OR
OR
4
4
OR 1000

(Ihara N., et al., J Vis Exp., 2017) (Kirrel2,

PCDH10, Sema7A)



(i)

OR
GCaMP6f
2(ChR2)
()
(Kirrel2,
PCDH10, Sema7A) OR
Sema7A  PCDHI10
Kirrel2
cyclic nucleotide-gated (CNG) channel
(Ihara N., et al., Eur J Neurosci, 2016)
(i-1)
OR
OR
Kirrel2
Sema7zA PCDH10
(i—2) IREZRE <
? N A ? nilA L[\ F o
WIE =000 =
ChR2
IRTERN /N2 —
NENN —
— it -
Els—Ak =57 R/ —AF
BFREASF

Kirrel2 @ I II
3

Sema7A PCDH10

Sema7A PCDH10 IR B
Kirrel2 2.
Sema7A/PCDH10 (OR)
OR
OR
OR
2
(Nakashima A., et al., Science., in press) SemarA

(Inoue N., et al., Nat Commun.,



2018)

7
Nakashima A, Ihara N, Shigeta M, Kiyonari H, Ikegaya Y, and Takeuchi Ht
“Structured spike series specify gene expression patterns for olfactory circuit formation”
Science (article), in press

Katori K, Manabe H, Nakashima A, Eerdunfu, Ikegaya Y, and Takeuchi Ht
“Sharp wave-associated activity patterns of olfactory cortical neurons in the mouse
piriform cortex” Eur. J. Neurosci, 48(10), 3246-3254, 2018

Sakamoto Sf, Takeuchi Hf, Ihara N, Baoligao, and Suzukawa K
“Possible requirement of executive functions for high performance in soccer” PLOS one,
doi.org/10.1371/journal.pone.0201871, 2018

Eerdunfu, lhara N, BaoLigao, lkegaya Y and Takeuchi Ht“Differential timing of
neurogenesis underlies dorsal-ventral topographic projection of olfactory sensory neurons”
Neural. Dev DOI 10.1186/s13064-017-0079-0, 2017

Inokuchi K, Imamura F, Takeuchi H, Kim R, Okuno H, Nishizumi H, Bito H, Kikusui T,
and Sakano H
“Nrp2 is sufficient to instruct circuit formation of mitral-cells to mediate odour-induced
attractive social responses” Nat Commun, doi: 10.1038/ncomms15977, 2017

Ihara N, Ikegaya Y and Takeuchi Ht
“Quadruple-immunostaining of the olfactory bulb for visualizing molecular identity codes
of olfactory sensory axons” J. Vis. Exp. doi: 10.3791/55893, 2017

Ihara N, Nakashima A, Hoshina N, Ikegaya Y and Takeuchi Ht
“Differential expression of axon-sorting molecules in mouse olfactory sensory neurons”
Eur. J. Neurosci \Vol.44(3), 1998-2003, 2016

33

Takeuchi H, Nakashima A, Ihara N and lkegaya Y selected as a speaker
“Patterned, but not synchronous spontaneous activity of developing olfactory neurons
regulates olfactory receptor-specific axon sorting”

Cold Spring Harbor Laboratory Meeting: Molecular Mechanisms of Neuronal Connectivity
(New York, USA), 2018/9/25-29

Katori, K., Manabe, H., Nakashima, A., Sasaki, T., Ikegaya, Y., Takeuchi H
“Sequential activities of cortical neurons in the mouse piriform cortex during sharp wave”
Cold Spring Harbor Asia Conference (Awaji), 26 September 2018

Takeuchi H, Nakashima A, Ihara N and IkegayaY poster
“Patterned, but not synchronous spontaneous activity of developing olfactory neurons
regulates olfactory receptor-specific axon sorting”
Gordon Research Conference: Molecular and Cellular Neurobiology (Hong Kong, China),
2018/7/1-6

Ihara N, Nakashima A, Nonaka K, lhara N, Ikegaya Y, and Takeuchi H poster
“A Combinatorial expression of axon-sorting molecules ensures robustness to neural
activity changes for neural map formation in the mouse olfactory system”
Gordon Gordon Research Conference: Molecular and Cellular Neurobiology (Hong Kong,
China), 2018/7/1-6

Nakashima A, Ihara N, Ikegaya Y, Takeuchi H oral
“Patterned, but not synchronous spontaneous activity of developing olfactory neurons
regulates olfactory receptor-specific axon sorting”
22nd Biennial Meeting of the International Society of Developmental Neuroscience (Nara,



Japan), 2018/5/22-25

Nakashima A, lhara N, lkegaya Y and Takeuchi H poster
“Patterned, but not synchronous spontaneous activity of developing olfactory neurons
regulates olfactory receptor-specific axon sorting”
Keystone Symposia A2: State of the Brain: Genetic Dissection of Brain Circuits and
Behavior in Health and Disease”” (Keystone, Colorado), 2018/1/14-18

Katori K, Manabe H, Ikegaya Y and Takeuchi H poster and oral presentation
“Sharp wave-associated activity patterns of olfactory cortical neurons in the mouse
piriform cortex”

Keystone Symposia A2: State of the Brain: Genetic Dissection of Brain Circuits and
Behavior in Health and Disease”” (Keystone, Colorado), 2018/1/14-18

Nakashima A, Ihara N, Ikegaya Y and Takeuchi H poster and oral presentation
“Patterned, but not synchronous spontaneous activity of developing olfactory neurons
regulates olfactory receptor-specific axon sorting”

Keystone Symposia “Synapses and Circuits” (New Mexico, USA), 2017/3/5-8

Takeuchi H oral
“Patterned spontaneous activity regulates OR-specific axon sorting”
KoSCL symposium (Seoul, Korea), 2016/10/28-29

Takeuchi H, IThara N, Nakashima A and lIkegaya Y
“Differential expression of axon-sorting molecules in mouse olfactory sensory neurons”
Society for Neuroscience 2016 (San Diego, USA), 2016/11/12-16

Nakashima A, Ihara N, Ikegaya Y and Takeuchi H oral and poster presentation
“An instructive role for spontaneous neural acitivity in glomerular map formation” CSHL
meeting “Axon Guidance, Synapse Formation & Regeneration” (New York,
USA), 2016/9/20-24

Nakashima A, Ihara N, Ikegaya Y and Takeuchi H
“Activity dependent mechanisms of the olfactory map formation”
1ISOT2016 17t International Symposium on Olfaction and Taste, 2016/6/5-9

Inokuchi K, Takeuchi H, Imamura F, Kim R, Okuno H, Nishizumi H, Bito H, Kikusui T,
and Sakano H
“Nrp2* mitral cells in the main olfactory bulb send axons to the medial amygdala to induce
social behaviours”
1ISOT2016 17t International Symposium on Olfaction and Taste, 2016/6/5-9

Ihara N, Nakashima A N, Ikegaya Y and Takeuchi H
“Differential expression of axon-sorting molecules in mouse olfactory sensory neurons”
ISOT2016 17t International Symposium on Olfaction and Taste, 2016/6/5-9

Takeuchi H

“Assembly of the olfactory neural circuit in mice”
JST CREST-PRESTO joint international symposium (Tokyo, Japan), 2015/11/5-6

« ”»

139 () 2019/3/23

« 139 () 2019/3/23

[13 » 1397
( ) 2019/3/21

“Structured spike series specify gene expression



patterns for olfactory circuit formation” 22

“

The 6th Chemosensation and Behavior Workshop ,

13

”»

, 2019/3/19

, 2019/3/11-13

The 6th Chemosensation and Behavior Workshop , , 2019/3/11-13

“A non-Hebbian activity-dependent mechanism underlying olfactory circuit formation”
52 , ,2018/10/29-31

( ) 2018/10/20

( ) 2018/10/5

“ ”

The 5th Chemosensation and Behavior Workshop , , 2018/3/12-14

13 ”»

2017/12/6 9, 3AW08-2

, 2017/12/6 9, 3LBA-134

13 ”»

2017/7/20 23, 1P-LBA002

s ,2017/4/15

“ - “ 137
2017/3/25 ( )

“ ”

The 4th Chemosensation and Behavior Workshop 2016, , 2017/2-17-19

Takeuchi H, Nakashima A, Ihara N and lkegaya Y
“Activity-dependent olfactory neural circuit formation”
, , 2016/7/20-22

Ihara N, Nakashima A, Ikegaya Y and Takeuchi H

“Differential expression of axon-sorting molecules in mouse olfactory sensory neurons”
2016/4/23



