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Conditioned Stimulus-strength-dependent timing control
in a spiking network model of the cerebellum

TAKERU HONDA, 112 TaDpASHI YAMAzAKT |12
SHIGERU TANAKA 2 and TETSURO NisHINOT!

We have been developing a large-scale spiking network model of the cerebel-
lar granular layer that represents the passage of time (POT) from the mossy
fibre (MF) stimulus onset. In this study, we examined whether the POT repre-
sentation can be controlled by changing the strength of the MF stimulus. We
conducted simulations of the delay eyeblink conditioning, in which pairing of a
sustained conditioned stimulus (CS) conveyed by MFs with a delayed uncon-
ditioned stimulus (US) showed that the Purkinje cell (PC) learned to pause
slightly earlier than the onset of the US. When we increased the CS strength,
the PC pause shifted earlier. This result suggests that the timing of the condi-
tioned response determined by that of PC pause is adaptively changed by the
CS strength.

Vol.2009-MPS-75 No.28
2009/9/11

1. BU®IC

Wt 5 SO D G401 & 1&, & (conditioned stimulus, CS) & % 57 ~OREFHNK (un-
conditioned stimulus, US) OfAGHLEEZHEVIRL G A 5L, BRI TESRLZHL %
(conditioned response, CR) SetERIiE (B 1) DFEEHTH D, MHEHE L Tw25 2 L%
5NTWw 3%, CS-US Mo 2 Z XL TREMNTZIT) &, ES54LZL % £ ToRM
WZAUEL TEMT 5 2 56, NNO L 22 THOBERAERIN T3 5260
29 1 DO NMOERIETH h, K%z a— 8T 2/ NKEREE 7L 3% R
ZENTw3®, 20—oL LT, Phfil— L MM O 5 > & Lk & 2L il
D NMDA F v 2V 2{ET 2 2 LItk > T, FRMlzER DIk 35— T CS ZRbih
725 DWFHE%Z #B T ¥ % Random Projection Model ZMEE I NT w3, ZoEF
VT T V7 LFEEIC L o THRMINEDY 7 v F 2z N — 2 FFE LB 2 EDIR T, Bk
ZYERNEI B 2 7 4 S v JCRIRINICASA 75 L EIEE D IR T 20, & 2K
THRAT HMMFERE LT—RICEE D, Z20RMIFADORZITIREN & LTk,
DF D, —RHl & Mg Z I IS 5 Z T, CS 2aRBiRD: & DR %
RBITES,

oA 13k RDPEREI T, RHHOMEAR T ZIESE UV HABE LN THI LD 5.
Bt EH R DOSEEAHFIcB Ty, CSOmEEZEC 5L, CRBLDRELGIERIINS
T EMEBIMCAIS TV Y, ZiUd CS OBREICIE L T CR £ TOREDMER T 13 <
BoTWVBEIEERBRT LN, ZORXAAZALFHSLTIER Y, ZLT, TOXH=ZA L
Z T E 2/NEREE TOVIIRIEGFE L 2, AR TIR/AMNEED Z A v 7 %y
FY—J BTN EMEL, G 2L -2 a it ko T CS DMEICKEL T CR DY
A 2V DT BB E TR,

2. & 7 I

REFINAZ, SR 2) THEINZ GENESIS & S 2L —F DAY 7 b ZEIE L THESRE
Iz,

11 EAGEE R
University of Electro-Communications
12 HULEIZEIT IR AR i v 4 —
RIKEN Brain Science Institute

(© 2009 Information Processing Society of Japan



g R ST e
IPSJ SIG Technical Report

Eq R |
e
BRI
) & iR

] o

L F > T

os I
et
0 1 2

R, . S L
0 1 2 0 1 2

1 /NI 7OV ORI &k H SR BOG I B 2 44 A & o A7, BRI i 2L Rl g A &2 52,
DV PHIRE G ORI 2 IR L, PR AIIEIED 2y b =2 2K L Tw B, Eie, FRME 7
V¥ v iRl BRI A &2 G2, f Y/ RIRMIE 7L X v Sfiflaic A 2 5.2 5. CS
S5 I BRAINEIC, US 55913 71 % v 2 flla i e An S s, SHATHE— 701 % > il o1
FiAE—HE / ELR I O K5 ST 1X LTD % LTP I2 k> T&LT 5.
Fig.1 Schematic of the present cerebellar model and external input stimuli in eyeblink conditioning.
Golgi cells receive excitatory inputs from granule cells and recurrently inhibit granule cells.
Thus, granule and Golgi cells constitute a recurrent inhibitory network. Granule cells receive
CS signals and in turn excite a Purkinje and basket/stellate cell. US signals are fed to a
Purkinje and basket/stellate cell. Synaptic weights between parallel fibers and a Purkinje cell
undergo LTD and LTP. Also, weights between parallel fibers and basket/stellate cell undergo
LTP and LTD.
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B2 2EHT 27010, FEAMERE 0.1 & Lz, S50, BRI 7L ¥ > T iilaehE/
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Fig.2 The connections between cells in cerebellar cortex. Golgi cells receive excitatory inputs from
granule cells through AMPA and NMDA channels. In turn, granule cells receive inhibitory
inputs from Golgi cells through GABA A channels. Granule cells receive excitatory inputs
from mossy fibers as a current. A Purkinje and basket/stellate cell receive excitatory inputs
from granule cells through AMPA channels. A Purkinje cell receives inhibitory inputs from
basket /stellate cell through GABA 5 channels, too.

2.2 FHEETI

RS 2L PRI EE 72 A 4 > F v 2L AIA £ 17 Hodgkin-Huxley #1= 2 —
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BHZFEK L ZZETH D, frotar (FTATHE ¢ 231 s IICFEKL ZBIETH 2.

W w'® % 0.3f %ﬁﬁﬁiﬁUs%ﬁﬁmwsomMHﬁT%ﬁb
w,; =
w0 x 1.02(frota — f)  Z LIS

W 0 x7.0f VﬁﬁﬁiﬁUS%ﬁﬁ%@5&NMm%T%%®
v, =
0l % 0.70(frotal — f) 2B,

DD, BEAZOLOZREHEEEL, USDY F 7 AERITEEL 2ok,
2.6 T—HYEIF
FINE () % CS & LT R 2B Lar, 1A ¢
7%, NN flaoREichd s, Thbbd,

BT BRI (1 <i < N) DFKE

(Tt 1 PR § 23EZ) ¢ TR
) = (6)
0 Z oAt

Similarity index (SI) ZM T CE#T 5:

Zf(h) (12) (t2)
$Zf<[l)2 \JZf(Iz

R (7) &, CSEW L, B¢, Ok OSBRIy — {fI) (1)} & CSTE
Wi Lo, Wikl t, & ZOFKY —> {fU2 (1)} OMBIERET. 77U, 0s < t1,ts < 1s
E L7 Sl(ty,t2) =10 EE, KH ¢y ORRMIADIE KT — > IRty TDOFEKRY —

SI(t1,t2) =

(© 2009 Information Processing Society of Japan



(g Ui A Tl e
IPSJ SIG Technical Report

A
®
o
o
=1
c
8
(o2}
0 0.5 1
time(s) time(s)
B
I} =29.5pA I; =31.0pA
1
x
3 g
£ <
2 ®
K 1l
£ -
2]
0.5

B 3 CS 25 2 MOEMiED & 4 F 27 2. A: 29.5pA & 31.0pA O CS %5 A WO ERfE 20 D%
KoRE = (ZNFALE L), BlldE, fEo® s chs, B SL—RAr— LV TELL SI DT
Oy b, SI(ty,ta) =1 DEEM, Sl(ty,tz) < 0.5 DEETEMTELA, Ll CS DL 29.5pA, £l
31.0pA DELEZEDLDTH 5,

Fig.3 The dynamics of model granule cells in response to CS. A: Spike patterns of 20 out of 1024
granule cells in response to the CS of either 29.5 pA (left) or 31.0 pA (right). Abscissa and
ordinate represent time and neuron index, respectively. B: Similarity indices for the spike pat-
terns of granule cells in response to either 29.5 pA or 31.0 pA CS (left and right, respectively)
in a gray scale. Black and white indicate the SI value of less than 0.5 and 1, respectively.
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Fig.4 Similarity indices between two spike patterns of granule cells in response to the CSs of differ-
ent amplitudes (29.5 pA vs 31.0 pA). Left: SI in a gray scale. Black and white indicate the
value of less than 0.79 and greater than 0.86, respectively. Right: SI plotted in binary. the
threshold was set at 0.79.
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Fig.5 Similarity indices of a spike pattern of granule cells in response to either 29.5 pA (left) or 31.0
pA (right) CS when NMDA channels on Golgi cells open continually, shown in a gray scale
between 0.5 and 1. Conventions as in Fig. 3B.
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Fig.6 Similarity indices between two spike patterns of granule cells obtained under different CS am-
plitudes when NMDA channels on Golgi cells open continually, shown in a gray scale between
0.85 and 0.9 (left) and in binary with the threshold of 0.85 (right). Conventions as in Fig. 4.
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Fig.7 Membrane potential of a Purkinje cell in the simulation of eyeblink conditioning. US sig-
nal was fed to the Purkinje cell 600 ms after 29.5 pA as CS was presented at the time of
conditioning. The left panel represents membrane potential when only 29.5 pA as CS was
presented after conditioning. The right panel represents potential when only 31.0 pA. The ab-
scissa and ordinate represent the elapsed time after CS presentation and membrane potential,
respectively.
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