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000000000000 Weinvestigated roles of symmetric and asymmetric STDP learning rulesin
sequence learning in the entorhinal cortex and the hippocampus. It was elucidated that the symmetric
STDP learning rule was suitable for establishing a sequence of loop connections, which represented a
seguence of places, amid background noise. In contrast, the asymmetric STDP learning rule was suitable
for synaptic competition to select spatial information accompanied by valuable non-spatial information
such as odor and to cause directional propagation of neuronal activity in the hippocampal CA3 network.
These results suggest that it is important to consider what STDP learning rules are suitable for local
network structures in order to unveil mechanisms of the sequence learning in the whole system
consisting of the hippocampus and the entorhinal cortex.

googo
oooogoogo
good gogn o 0
googoog 2,200,000 660,000 2,860,000
googoog 600,000 180,000 780,000
googog 600,000 180,000 780,000
g
o d 3,400,000 1,020,000 4,420,000

oooonbD bobooo

o0oooboobOob boobooooo

oooobo oboobboobobooobobooboobobobooobooboobobbo

oOoooosSTbpOOOOO




ooooboooobooboo
oooooooboboobobobobooboboe O
oooooboooooboboboboboooo
oobooooboboooooooooobo
ooboooooboboooooooooobo
ooboooooboboooooooooobo
obooboobooobobooooooon
ooboooooboboooooooooobo
oboooboobobobooboooooon
oobooooobobboooooooobooo
oboooboobobooobooboboog
oooobobobooboooooooon
obooobooboooboooooooon
oobooooboboooooooooobo
gopobobbooboobooooooboon
goboooooobogoLTPOoobooon
goooLTbboobooobboooboon
gbooobopobobbooboon sTbPO
o000o0o0o 1e@b0o o oooooon
gbooobgoogosrbpP 0O0O0ODOOO
gobbooooboboooooboooooo
gboboobOoobd 2000 O0O0OOCAL
gobboooooboboooooboooooo
goooboobobobobog stbPOO
o0@bo1pmoobooooooobooo
STbP 00 0O0OD0O0OO0OO0DOOODODO

googo

@ (b)

01 (8 000 STDPOOO0OOO
() OO STDPOOOOODO

gbgogbooboboboboooon
OoooboobOobooobOoobocAasn
oooooooooooooobooo cAl
goobboooooooobboood
SIbP 0000 00ODOO0ODLDODDODDOO
gbooocAddbDooboooooooon
o000 cCAlO0OboDbooboobooon
ooooog srbPO0OD0OO0ODOODOOO
gogoboboboogooboooobboba
gooboovMpPPOODOOOOOOOOOO
o00b0bOoboobOobOobD y3oooo
oobooooboboooooooooobo
oLPPOOO0OOODOOOOODOODOOO 130
obooobooboooboooooooon
oboooboooobobooooooon
gooo srbPOD0O0OO0OOOODOOO
ooboooobobooooooooobo
ooooboboboobooooooon
ooboooooboboooooooobooo

oobooooo
ooboooobooobooboboooo

oboooobooooooooogoobon

oobooOobooo stbPOOODOODOO

oobooboooooboooboooobon

og300ooooobooooa

(1) DbooOoOobobOobobOobooobooo
oobooboobbooooooon
STtbPOOO0OODOOOO

(2 DbOooOOoOobOobDOobobOobOobooo
MPPOOOODOOOOOODOODOO LPP
oooobooob stbPO0OOCOOO
oo

(3 00O CA3CALl DOUODOOObOOODO
STtbPOOD0OODOOOO

ooooooo
() 00000000000 0000000
ooo0o0oooooon
30000000010000000000
000000000000 00000000
000000000000 00D00000
0D7006000000000000000
000000000000 00000000
00000000000000000000
000000000000 00000000
000000000000 0000000
000000000000 00000000
000000000000 0000000
0D20ms0000000000000000O
000000000000 00000000
000000000000 0000000
00000000000000000000
00000000000000000000
000000000000 0000000
000000 STDPOO0O0OOOOO0OOOO
0000000000000 0000000
00O
(2 D00O00ooooon
3000000000000000 100
000000000 0000000000
000000000000 00000000
O00MLPPOOOD0OODODD O MPPO
000000000000 0000000
000000000000 0000000
00000000000000000000
STDPOO0DOOOOO0OCOOO0
000000000 000000000
0000000000 O0OMOPPOOODOMO
GABA, 00 DOOD0ODODCOODOOOOD
000000 GABALOOOOOODOOOO
00000000000000000000
00000000000000000000
000000000000
(3CA300000000000000
CA3 0000000000000 0O00



oboooboooboboobiooooOobnnoon
obooob2s0000000000000
oobooooboboooooooooobo
0000000000000 Izhikevich OO
oooobooboboboboobooon
oooobooboboboboobooon
ooboooobobooooooooooo
ooooboobobobobobooooon
oooobooooobooobbooooon

ooooog
(1)) ObooOooOoOobOobooboboon
obobooboobboooooooo
STbPOOOOODOOOO
gooboooboboooooboooobo
gboooboobobooboobooooon
gbooobooboboboooooboon
gooobooboboboobooboobb
gobboooooboboooooooooo
gbooooobooboobooooooboon
gbooobooboboboboooobooon
gboooboobobboboobg
goboooooboboooooobooooobo
gbooobog epsPOOO0OOODOOO
obooobooooeonoOooboOoboOon
gboooboobobobobooooobon
gboooboobOo 2omsO0ooonoogn
googsrbpPODO0OO0OOO0OOODOOO
gbooooobboboobOoobgd 20 ms
gobboooooboboooooboooooo
gbooobooboboboboboboon
gobboooooboboooooboooooo
gboooobboboobooooooboon
gbooob2omsODO000O00O0ODOOn
oboooboobboobooooooboon
gobboooooboboooooooooo
gbooobgoob stbPOOO0OOD0 LTPO
gooobobooobooobon
goognD AbDBOCO..0HOODOOO
go0o0booboobOd 40030020010 Hz
ooooboobobooboob ABLRCH
DO 4000000000000 BOCUDOE
g40000000000000ODO 40000
gb4000000000 4000000 C
OFODOGUEODH DOODOOODOOD
gboobodb A-BOB-COC-DUO...OG
-HODODOOoOOooOooooboo A-B-C—
.-HODOODODODOOODbOOoOobOoooboo
gooooobooADOO0ODOO0OoOoon
gboooboobpboboobomoob BO
cObO3omsOOOOooOoooooDOoOon
oboooboooooboooooobog 2
gboobobooboooooooboon
gboobooboooboboooobooon
gbooooooooog
obooooboobooorHzZDODOODO
gboooboobbooooooooboon

oboooobobooooboboooe oD
dooooooouoobooooooe O
oobo0oooooobooooobobon
oboooooobooooobooogoobon
STbPOO0O00OD0O0OD0OODODOOOOODO
oboooobooooooooogoobon
oobooobooooobooobbooobon
ooboooobooobon

02 0d0booboobooobooo
AODO40HzDODOODOODO
o0 BICIDOO 30msO O OO0
goooooboo

40 HzODOOODODODOODOODOOOoDbOo
obooooooboboOoobooboooe oD
gogboooobooobooboobobon
gogboooboobooobooooboobon
eU0b00d0OOobObOOoOobDOoboOoooDoge
obooooobooboooebOoboOoOoboOD
gogbooooboboobobooboobon
gbooooboboooooobooogoobon
gbooooboboooooobooogoobon
goooobobboooooobbbooo
+20msO00 00000000000 000O0
gooooooog stbpO00oooOonO
LTDOOO0bOo0oboboboobooooboon
gogbooooboooboobobobooboo
gogosrbpPOOD0DODOLTPOODOO
gogboooboobooobooooboobon
goooobbbboooooobbbooo
gobooooobooobgooobo

googoobOo cAsgnoonbgon sTbp
gboooobobooooboogobon
gbooooboboooooboogobon
ggboobooobobobooboobon
gboooobobooooobooogobon
gbooooboboooooboogobon
gogbooobgoboobobooboobooboo
goosrbpPO0DODOODOMIDO STDP
gooooboboboooooobbbooo
gogboooobpoobooobooobon
gogooooooo

(2 ODooboOooooooOoboooboooo
MPPODOOODOOODOODOODOO LPP
oooooooo stbPOOOOODOO
oo



oooooobooooooooooobo
e 000000000 DbOObOOODbbOOn
oooobooobobobooboooooon
obooooooMPPODOOOOODOOO
ob0oOdbOdedbOObDOOOODODOO
oooobooobobobooooooon
ooooobooooooboboboboooo
ooooboobobobooobooobon
goooLpPPOOO0OD0DOOOODOOOO
oooobooobobooboobo

oooooooboobooobooMPPO OO
oooobooobOosHzOOOOooOgLPPO
ooooboooboboboobooboo so
looHz OO OODOOoooooooooooo
goo srbPO0ODOO0ODO0ODOOOO

goboooobboooooobooobo
gooobooboLrPPDO MPPODDODO
goooboobo PprO00oobDoon
gooboboboooooobobbbom™obon
gbooo pPpPOOMPPOOOOOODOOO
goorLpPOOODOOOOOOODOOO
gbooooboboomg 3

oobo0o PrODOLPPOODOODDOO
O MPPODODOODOOOOOOODOOO
gboooboooboobooooboon
gbooob epSPOOOOOOOODOOO
gobboooooboboooooboooooo
gboooboboobobooooboon
gbooobobooboboobobogoMpP
gobo0o tpPOD0DOOO0ODODOODOO
gbooooMpPPODOOO0OOOOODOOO
o0 LpPODOOODODOOODODOOODOO
goooboobobbo PrOOobDbob
gooobo MpPOODOO EPSPODOODO
LPPODOOODO EPSPODODOODOOODOOO
gooobooobonboobo

MPP O OOOOOODODOOOOOOOO
gbooooMpPPODOOO0OOOOODOOO
gboooooboboboobog P20 MPP
goobobobooooobobbboboooo
goooborLpPOOOD0OO0OOODOOO
gbooobooLPPODOODDOODO EPSP
O MPPODODOODOOOOOOODOOO
gboooboooboobooooboon
gboobooboboobooobog SsTbp
gobooobobo tPPO0OD0DOODO
gbooobooLrpPPO0ODOO0OOODOOO
gbooobobobooobooooooboon
googo

goog rLpPOODOO0 MPPODDOO
gbooobooboboboooooboon
gboooboobobooooMPPODOOO
gobooobboonD tpPODOOO0OO
gboooboobobooobooboMPPO
gbooobooobowPPOO0OOODOOO
gbooobooLpPO0O0OO0OOODOOO
gbooob MpPPOOOOOOOODOOO

oobooobooooobooorPPOODOO
gobooovpPPOOODOODOODOODOOO
oobooobooooob PO LPPOCOOO
OEPSPOOOO MPPODOOONO EPSPODO
oobooobooooobooorPPOODOO
obooooboboooooooogoobon
LPPODOOODO EPSPOCOOODOOODOOO
oobooboooooboooboboboon
ogoboobooooo

PL P2 PL P2
£ ! :
S 7 b
5@ . ()
O 0.031 E Lpp 1 i
=
5 oo A MPP 1
g 0 20 40
O oag (9

© (d)

03 0000000000 O00MPP
O00000008HZOOOOO
LPP 00000000 O0DOOO
OOLPPOOODOCOODO Ka) 60
(b) 100 (c) 200 0 (c) 40 HzD

goooboooLwpPO0DODOODOO
o0 MpPODOODODODOODOODOO
gboooooboboooooboogobon
goboooobooobooobg epsPOO
gob LpPOO0ODOODOMIDOOO MPP
ggboooboobooobooboooobon
ggboooboobobooboobon
ggboooboobobooboobon
ggoo

LPPO MPPOODOOOODOODOO
gogbooboobooobooboobon
goboooobpodobo cAsboonoon
gogboooboobooboboooobon
gogboooboobpooboooboobon
gogbooooobbobbwPPOOODnDOO
ggooooobo MpPPOOODOODODO
gogboobooboobooooog epPPOO
gbooooobobooooooboogoobon
goboooo MpPPOODOODOODODO
gogboooobooobooobobbobon
gogboooobpobobooboobon
gobobooobDbOoOg CA3bOO0ODDCAS
0 cCAlO0boooboooooooogn
gobooooboobooooobonbgon
gobobooobooboboobooobon
goboooobpoooboobooobon
gboooooboooooboogoon
ggo

gobooooobooooobobooooon
gogboooooboboboobooobon



ooooboobobobooboobooon
000000 GABAgOOOOBOODOOO
oobooooboboooooooooobo
oooobooooboboboobooOoog LT
oooobooboboboboobobono
oo0ooobobooobooboobon
GABA, D ODOOOODOOOOOOODOOO
ooboooobooboooooooooobo
oboooboooboboobooooooon
ooboooobooboooooooooobo
ooooogon

MPP OOOOODOOOOODOODOO 1(b)
oooobog srbPO0O0OOOODOOO
oooLTpO0O0OoOOoooooMPPODOOO
goobobbooooobobbbboogo
GABA, D ODOOOODOOOOODODODOOO
gbooobooboboobooobog SsTbp
gobboooooboboooooboooooo
gooobgooobon

gooboooboboooooboooobo
goooboboooono cAsbOnngn
gbooobopoboboobobooboobo
gboo0O cAl0bOoonoooboobooon
gboooboobobobooooboon
gboooboobobobobooboooo
0 CA3SUoboonboonboobogn
gboooboooboobooooooboon
gobboooooboboooooboooooo
goooboooboboobog

3 00 CA3CALODODODODOOD

STbPOOODOODOOODO

CA3 0D CAlO0OOOooDOooood
SIDP 0D 00000000 DOOODOODOO
0O0DOopocA3dDDOonooooooooono
0000000oO0n cAlO0noooooogo
oooooopooooooooooooo
0000DoO0mcA3 0nDooooooaoo
00Do0oo0oooooooooooooo
00Do0oOooooooooooooogo
0O0pDgdo stbPOODOOOOODOOOOO
00pDO00oO0DO0oooOoDoOoooono STtbp
00D0o0oooooooooooooo
00Do0o0oooooooooooooo
o0pDooooooooooo

0000d2000 500000060000
ooooooooooooooooooo
0000000 D0O0O0O0Lubenov and Siapas,
Nature 459 (2009) 534-539 00000 ODO
00000 cA3dDOoooDoooooo
ooooooooooooooooooo
00D000o0oooboooooooooo
ooooooooooooooooooo
00000000 0DoOoDOOoooonO SsTtbp
00000000000 000O00oogn
Ooo0ooooooooooooooooo
00D0o000o0oooOoooooooooo

oobo0oooooboboooboobon
oobooooooooboobooobooo
oboooooobooooobooogoobon
oboo0ooobooooobooogoobon
ooboo0oooboboboooboobon
ooboo0oooooobooooboobon
oboo0ooobooooobooogoobon
gOg sStbPO00O0ODODOODOOODOO
ooboobooboboboooboobon
ooboobooooobobooobooobon
oboooobooooooooooobon
oobooboobooboboboobooon
gooo

ooogoon0O cAsbbgonoooooono
gobooboobDoOobong CA3-CALODO
gbooooboboooooboogobon
goboobocAlIObDOO0D 1500000
gboooooboooooboogoobon
gobo0obopoooboOoBbcAshd CAL
ggboooogooposrobPO0OnDOODOO
gboooooboboooooboogoboo
gogo

(4 000
0030000000000000000
000000000000 0000000
00000000000000000000
000000000000 0000000
0000000000 STDPOOODOOO0O
00000000000000000000
000000000000 STbPOOOOO
00000000000000000000
000000000000 0000000
000000000000 0000000
00000000000000000 STDP
000000000000 00000000
000000000000 0000000
00000 SIDPOOO0OOOOO0ODOOO
00000000000000000000
000000000000 00D00000
00O

gobooooooo
ggbooboobobobooboobon
ggoo

0oooomogog

O Yukihiro Nonaka and Hatsuo Hayashi,
Competition between synapses located in
proximal and distal dendrites of the dentate
granule cell through STDP. Lecture Notes in
Computer Science, 0 O O, Vol.5506, 2009,
pp.161-168

0 Hatsuo Hayashi and Jun Igarashi, LTD
windows of the STDP learning rule and
synaptic connections having a large
transmission delay enable robust sequence




learning amid background noise. Cognitive
Neurodynamics, 0O O O , Vol.3, 2009,
pp.119-130

O Motoharu Yoshida and Hatsuo Hayashi,
Emergence of sequence senstivity in a
hippocampal CA3-CA1 model. Neura
Networks, [0 00 O, Vol.20, 2007, pp.653-667

0 Jun lgarashi, Hatsuo Hayashi, and Katsumi
Tateno, Theta phase coding in a network
model of the entorhinal cortex layer 1l with
entorhinal-hippocampal loop connections.
Cognitive Neurodynamics, 0 O O, Vol.1,
2007, pp.169-184

oopoomooood

O Toshikezu Samura and Hatsuo Hayashi,
Directional spike propagation by anisotropic
inhibitory connections modulated through
STDP in a recurrent network, International
Symposium on Nonlinear Theory and its
Applications, (Proceedings, O 0O O ,
accepted), 20100 90 00O 0O O, Krakow

O 0oooopoooooooooooo
0000oooooooooooooo
0000oooooooooooooo
20100 50 200000

O J0oooooooooooooooo
O000OBraniSOOOOOOOO20100
20400000

O 0oooopoooooooooooo
00ooopg sTbPpOOD0OODOOOO
00o00ooooOoooooooooo
0000000000 pp.133-138L11 2009
010 1Boo0ooo

O J0oooooooooooooooo
0000o0o0oobOoooDooooooo
0000o0o0oobOoooDooooooo
0000o0o0oobOoooDooooooo
000000 0Opp.121-1260171 2009 O 11
0118300000

O Yukihiro Nonaka and Hatsuo Hayashi,
Competition between synapses located in
proximal and distal dendrites of the dentate
granule cell through STDP Internationa
Conference  on Neural Information
Processing (Abstract, [0 [0 0), 20080 110
250 O Auckland

0 0oOoDogopoogasrbPOOOCODOOO
0o000oooobOoooDooooooo
000000o0bOOoooOooooooo
000000000 pp.160-16117 2008 O
90 2500000

0 Hatsuo Hayashi, Sequence learning: a
network model of the entorhinal cortex layer
Il with hippocampal-entorhinal loop circuit.
Postech-Kyutech ~ Joint  Workshop  on
Neuroinformatics, 2008 0 80 260, OO

g
g

O

O
oooooOoooooooooooon
0o0o0o0oOoo0oooooooooon
0o0o0o0oOoo0oooooooooon
0000000000 DOpp.S37-S3801 2008
030200000

Jun lgarashi and Hatsuo Hayashi, Theta
phase coding and suppression of irregular
plastic change through STDP in the
entorhino-hippocampal system amid
background noise, International Conference
on Cognitive Neurodynamics, (Abstract, [
00),2007 0 110 19 0, Shanghai
Yukihiro Nonaka and Hatsuo Hayashi,
Spike-timing-dependent LTP/LTD caused by
uncorrelated signals through media and
lateral perforant pathways in the dentate
granule cell, International Conference on
Brain-Inspired  Information  Technology,
(Abstract, 0O 0O), 20070 110 150, O
oo

Jun Igarashi and Hatsuo Hayashi,
Significance of LTD window in the range of
positive spike-timing of STDP rule for theta
phase coding in a network having
background noise, International Symposium
on Nonlinear Theory and its Applications,
(Proceedings, O 0O O, pp.425-428), 2007 O
90 170, Vancouver

oomoooo

Jun lgarashi and Hatsuo Hayashi, Theta
phase coding and suppression of irregular
plastic change through STDP in the
entorhino-hippocampal system amid
background noise. in “Advances in Cognitive
Neurodynamics,” (eds) Wang R, Gu F, and
ShenE, O O O, Springer, 2008, pp.47-51
Yukihiro Nonaka and Hatsuo Hayashi,
Spike-timing-dependent LTP/LTD caused by
uncorrelated signals through media and
lateral perforant pathways in the dentate
granule cell. in “Brain-Inspired Information
Technology,” (eds) Hanazawa A, Miki T, and
Horio K, O 0O 0O , Springer, 2010,
pp.115-118, (Studies in Computational
Intelligence, Vol.266)

gooon

(Hooooo

0 O O O Hayashi Hatsuoll
0000D0o0ooooooooooooon
ogd

oooooooooooooo



