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Dynamic neuronal activity of cerebellar cortex during trace eyeblink conditioning in mice
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[ Abstract | Objective To investigate the dynamic changes of neuronal activity in the cerebellar
cortex during the acquisition of trace eyeblink conditioning (tEBC) in mice. Methods A 150-ms pulse of
blue light conditioned stimulus ( CS) followed by a 100-ms air-puff unconditioned stimulus (US) with a 250-
ms trace interval for 5 consecutive training days was performed to train the mice (n=6) to establish tEBC.
During daily tEBC training, the neuronal activities in the cerebellar cortex were continuously recorded by
tetrode electrodes. Results During the acquisition of tEBC, the incidence of conditioned eyeblink response
(CR) in mice was significantly increased (P<0.01), with the incidence increased from (35.3+10.5)% on
the Ist day to (70.9+3.2)% on the 5th day. In particular, 2 types of learning-related neuronal activities were
observed in the cerebellar cortex; (D) trace interval-decreased firing neurons (early stage: n=11, late stage:
n=23) and (2) trace interval-increased firing neurons ( early stage; n=18, late stage;: n=7). The proportions
of 2 types of cerebellar cortical neurons were significantly different to those at the early-learning stage ( P<

0.01) ; the percentage of trace interval-decreased firing neurons was increased (early stage: 16.7%, late
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stage: 36.5% ) , whereas that of trace interval-increased firing neurons was decreased (early stage: 27.3%,

late stage: 11.2%). Moreover, with the acquisition of tEBC response, the latency of CS-evoked decreased

firing activity in the cerebellar cortex was significantly prolonged ( P<0.05). In contrast, the magnitude of the

firing responses failed to change (P>0.05). Conclusion

During the acquisition of tEBC, the discharge of

neurons in the cerebellar cortex exhibits changed pattern from the enhancement to attenuation, which is highly

correlated to the CR acquisition.

[ Key words ]

conditioned reftex; eyeblink; cerebellum; neurons

Supported by the National Training Program of Innovation and Entrepreneurship for Undergraduates (201990035045) and the Cultivation Program for Scientific

Research for Undergraduates in Army Medical University (2019XBK35). Corresponding authors: YAN Jie, E-mail: yanjie @ tmmu. edu. ecn; WU Yamin,

E-mail; yaminwu65@ hotmail. com

WG AR A7 > 2 AN (] s ] A= B A AR 3R
oK, BT 7 AL 38 N PEA T SOV ) — B RE T o X
B A B 2¢ > (associative learning) fE 7 5 A A= 17
TR W R RE . TEAG A A3 2L0E | 8 PAE S5 900
BT %D s kA R E" . Hik, Xk
B ALEE AT R AR A o HLTRIBE 5T, B o R B
1) IR W FR T RCR AW S It B By, Sz R
SR SRR T I A TR 2 5 (1 — ol AT A T
Z 5T I 45 55 B8 45 1 01 1% ( conditioned stimulus,
CS, N t) F13E £ 14 1 3% ( unconditioned stimulus,
US, AN RIS ) R SR A L X, f Bl P2 25— A EE X
CS )& F 1 B2 HR 2 )7 ( conditioned eyeblink response,
CR) , At US A= () fa 60 3 . M4 CS F US 11y
IS A AE TR a] b 18] B, 32 55 AT Btk — 25 X 4y
M AE IR PERZ HR 25 4 S 5t ( delay eyeblink conditioning,
dEBC Bl CS 1 US Z [a] 4 B i) 1 & ) FHIR 0 P2 IR 2%
£ 524+ (trace eyeblink conditioning, tEBC Rfi CS FI US
ZIAIFEAET ] [E] B ) AR X BRAEAF 98Ny , dEBC
HE AR/ 92 5T EBC Y # Sy 7 ERTA
R 2 SN RS S A S A T
W TAE & B A8 (EBC Y 2R R & 52 25 /M ik =2 18]
)98 S o (/M S 5 (EBC #E S i 2L
il H RIS 78 G 2 o /N R 2 I B 5 A Bl S
B S5 A SR X o DR, AT /NI R 2
P2 IJCAE tEBC Y125 (135 3l SO R IE KA B T4
T4 7~ /NI B2 2 5 55 B2 2] b o 1A
FEVRZ2 38 TE 10 S AR RN S5 A BE AR 22T i Tl T
By, D)t S 3 e N R A AT /0 i Bz 24 8 75 ) 28 0%
SFRIE R 25 T Br. [AIBT, BT 457 CS Al US 15
B REAE O T (EBC (5 2 78 Sk [ 2 1Y sh i _E T
JE AN B G Ml 2 51 S U 0 S S T O
PRt , BRI 00 T L s Sl i s T Rl 25, JFAE
AR T WFSE tEBC & AR B L . AS BRAEAH T 3
SEILT B TE S/ N (EBC 17 A ZR A ] 2P 1 A i
ZAIEMAICHORIT R o FEMERE b, A ST R

FEAE (EBC HESL B[] B B b /0N B JZ M 22 TO AR T
LI SIS AR, I Jim 00 4 1 4 7 R -/ I A
VEFRAEIBC A T2~ P 1 BRI B4 5 2Rl

1 #B5HE

1.1 %&zh4h

WM 3~5 A% CSTBL/6 MEPE/NE 8 H, K T &
23~30 g, B ZEZE R E LR s hode . NFAR
HIF 2 d B 2 4 B8 S 50 58 T ], /)y B K BR8] 5% 7
24 h JEAAT IR EIRAE T, A KRR E .
L2 FR7EA

FHS3E (W BE 2 1. 0% ~ 1. 5% , I [A] : 10 min ) 753
PRI /NR o 5 R 2 iU, 4 3 ) [ 5 T i 3r A4 e
AL b KBRS B R b 0B &, IR A T R R
THEE . FHIRR ST ol T MR B - KK DA B e T 4
£ SV SN N 1 i = SRR 5§ RS 3
B R AL K 10% BUR K R 0 , 7T
53 0. 58 R B PR AR o RIS AR A R F X
o AR LR AT o AT /N B T AR A K i
B2 b5, R SIEG T 2 S EAAH 0.5 mm 1ETE /)
LA 2 B H R NS IIRET PR 55 7%
Ao MNEZE M) b 1R G 56 I JUL i) v s 30, 6 B 5 2 of
2 AW 2L (no. 791000, A-M Systems, £ [H) /F
VLS 5] st HL M, i BL Metabond 7K Jfé ( Parkell ,
H S ) B ANS AN R BT UL A A B 8 T P iy 6 1, JF
14 4 5K = AL 4 PORG BT Metabond 7Kg F 07, i H]
PG AE A/ NG b 77 (AR TR 6. 3 mm, 2241 55 5F
1.7 mm) 3TEE K 1 mm 3958 %, P71 i
HEE o ) PR R 3 A 6, AL 2230 3 i SR HL A 3 /M ik
B2 WA TR BE R 1.5 mm,, i AR KU [ AR
VB R BERE OB T i o o S M, R T 4
T CS 1Yy LED S DL Rl <84 1 [ e T4 ) 1o dx
J& , A BRI E i REHS . A F AR R, il
FHTEIR AR AR . RS/ N 5~7 d KA .
TE I TE] , 3 3 GAHEEAR R I SR AR AR 3 LA 70 pum/d Y



1190 S = HER R, 2020,42(12)

http : //aammt. tmmu. edu. cn

PTG 1] bR DI o, B3 AT AR E Ml s 3] /)
Hiki 52 J2 PR 22 TG IR TR G B o
1.3 A7 A9 4%

YIZRJE W45 2 d JE A 5 d i tEBC Il %5,
TEAE W ) 8 /0 B T 75 0 B i AT S I R A N
(45 cm x 25 ¢cm X 20 cm) , HSLTRERZERE 16 HiE R
BEMORES LA I S 2, i ) _E 3% 4 LED SGIRA<E
T ZEVNRIERT T A IR R I, 18
IHC 22y 40 min/d, BRI 25 AL AT 3035

tEBC I ZR7E 3 W 45 0 f5 IFf . tEBC > 1591l 2%
S1R] B2 1t N B T N AR I INZR R T o 4%
1437 ( conditioned stimulus, CS) 52 1 ~334E 150 ms (1)
WGk, 3E 45143111 (unconditioned stimulus, US) &—
ASFEBR 0. 6 psi, F54E 100 ms [0, B—S455 545 1
FE T3S W 22 MR A4 B R 0. 5~ 1.0 em, AR BT
US, M CS Z55E 3] US FF 4 it il ) B A 250 ms
JINEVEE R A% 100 YK CS 1 US fh e X 11 25 , 4 v Bic ot
IR [a[A] g o 18~23 s,

1.4 H¥FLEEHH

TEESE S d 1Y (EBC YR f b, Fpgiid sk /b B
ki J2 SR PR TCING Bl o FEE SR IR AR AR S IR
A TR SR i 22 T LA 5 5 i R
#3(C3334, Intan Technonlogies, 3¢ [ ) L) 20 kHz )%
FEAT A% iy 2 22 38 B0 30 5% { ( RHD2000, Intan
Technologies, ¢ ) o S Bt b HR G 1% 2l () ILH 22 5315
SR TR 150~ 1 000 Hz, 3 25 1 000 15, Frfi {5
SUECAE TR AT . 10 % B A Bk X
NeuroScope # 4 SEBL ] AL WLEE .

TE B2k (off-line ) JRES T X #ift 28 S0 B ik AL R AR 15
S AT e 0 AL P R A AN [ Ak H R A, R T
KlustaKwik ZfF%f G410 s Ak F R Mg AL (5 5
B HEAT E S EE , PR e AT AR 04 H A AR T
H Bl f 0% U6 i 57 AR A A g i — 2Dl i Kluster
BAF AT Tl Bk , LA R e B 2h 8k 7 b A 1)
WS (E S P & ik 2 T AL W v 7 AR T, B 3R
BUAS R 2T R F 5 5

FEXAT R A B R 100 IRFCXT I 2R CS JF
GEHTIY 300 ms {5 5 4E R L, 4 A5 5 1 F 4 E
+4 FEARUEZE E N A B AR T BB, 1 A L
(1 25 AF RN AT A2 2 AN 25 A - OBR IG5 3l i LA A%
SR T BE ; s 2 S5 ORIRLEF 2 i i 20 ms,
1.5 @Ay zefs

Fr A0 Sk T8 B, 32 Bl WK 4 A2 R H I A
(30 pA HJHL,HFZE 10 s) . M 48 h J5, 453
JE W T S O e G L 224 (0. 3 mL, 3%) , 2.0
WETEA FEER K 50 mL A1 4% 22 5 S U 50 mL, B

NG AE 4% Z R WP EE 12 h 5, BB E
30% FEREE TR BK 24 by JBK 58 BUS 22 P E Ao
VKPR HL(CM1900, Leica, fE[E) il AL 20 wm JE (1)
HLR R B K. 2 DAPL Ye 6 5, 75 9% % 0 8k 55
(BX53, Olympus, HZAS) T M5 FfFr 46k A AR 2 i 1) 9
SRR o FUA B R IATE /N K )2 ) R SR A
SEAEA ARG LT
1.6 %itZ o

A L xxs OR8] SPSS 10. 0 #F 47401t
G3HTe iR/ NI CR R AERARER FH B 2R 05 25 47
Mro MhZTCTE s LB XA F R TR . flzs
T FEL P 7 R A RN ik B AR AE R Wilcoxon Bk AR 56
K K HE o=0. 05,

2 #R

2.1 AEWEHDRRTHERLEFRFGES

W4 s & 75 29 1% tEBC, 231 6 HUNR AT 2
WML, WK 1A FoR, 7Ei%4: 5 d CS 1 US fic
XTIt AR, /NS CR 323 B, CR kA%
W 1 K (35.3£10.5)% - FFIEE 5 KAy (79. 0+
3.2)%(F 4 ,=6.286, P=0.002, & 1B) , i & & ¥4
I AR CR ZARAAKT IR 1.2 K R4
5SS A B B, i B B CR R A0 (42, 2+
10.5) % s B INERIES 4.5 KA SR SR RS e WY
BB B CR B30 (72.8+3.8) %, Hiit2# 45 R
7, CR A RAE G IR B 2 = T B (P<0.01) .
2.2 JRAEMERZ AR SR RS AR W R EAY 22

A EDREX T

A F A L SR S B 445 TR 2 S5 R A 2 0 o (
2A) K 6 JUNRIM B 2 otic sRES R A G b, 1
tEBC g7 BRI B 2 BB, 4r Jlid sk 1 66 S FI
63 MHZICHITI I IG 3 (Bl 2B) . 45 R 3R W] 7E tEBC
TR (5 1.2 K) ,44. 0% (n=29) WM 2 TCHE S
T CS Je R RERAE, HAgr, 11 4~(16.7% ) i
JGAE CS 1 US il 3% ] 9 H 735 i 55 ( [&] 2B #1 2C) ,
18 N (27. 3% ) v e A ] % 1) A i Hi i sl 4% (1] 2B
F2D) . FHELE 76 (EBC BN 526 4.5 K) , 45
T CS J& KA HCHLIE SR AL Rl 22 TT U oA H BRI AR
£(47.7% ,n=30, 18 2B) , {HH:F 4 23 1~ (36.5%)
ZEIGTE CS 1 US il R) 399750 i 3% shimi 55 , A 7 A~
(11. 2% ) Pl 2o AR R Dk Fe 15 sl B 5k . GE Tt 45 2R
7R AE tEBC G U5 )5 1, /i R 2 T H a5 R
SR 280 LU B 2 25 57 (P<0.01)
2.3 JRATMERZAR S RS S AR PN R REAY &

T B 3% JE e B 18] AL A
HE—25 40 M e (EBC B S7 AN R B BE, 7N 2 2



http ://aammt. tmmu. edu. cn = ZEBE KRR ,2020,42(12) 1191

M2 CHFAIC 3 B R RIS A . #REoCITs 3E)  (HURCHL TG Sl 58 A de KR JEE B0 8 A8 Ak (P>
AL 1. 5 AR A SR EZ M SO AE 0..05, 181 3F) o X T a3 1] 40135 2l 38 5 SR Y 114 /1N i B2
PR TR . ANl 3A 7R, X TR shisl  Z#Eon (18] 3D) AR (EBC HENy 5 I SR A R
SRR /N Bz SR 00, AR (EBC S R W TN R B 5 A (P<0. 05, [ 3G) , Tl L ¥
I Sl RS G TR ) 3 5 B8 (P<0. 01, [ 3C, SRR AE BB BeA kA Bk (P>0. 05,18 3H) .

B2 IFAi
ot >
AP o 2 Qﬁ
'y - 100
4 ¥
AR ﬁ 75
E
& = 50t
1
=
w M w25t
§| . i »; , , 0 1 2 3 4 5
200 ms [ ] | YIRS o/d
AP AR A B

AR IR RIATANGAERXB (L) F A 1~5d DR RN G FhRETMREE (F);B: F MR LB L4
F )| %R et 18] 64 T AL
B 1 NI IR R SR

FIEE 1.2 K) JEWICEE 4.5 K)

S%m B
LA -1y | B
A% P 2R ——_—
MAPTII [ :
f 1
R i
S IR A
¢
2517 IR S ST R S
¢
fons
-03 0 0.7 -03 0 0.7
MF1E] o/s C ] ofs D

A2 X RN RE PR FARE (L G5 k) BB R B A-E k) 35008 B0 R B A v AR X oAb 22 70 69 Yo ) 20 %, 5 C o fE 4o 4 ) iAo 3F
S o) S 18) B A o T B R BB 64 /) B BB AY 25T 5 D s A AR i e AR A s R B AR o T B 3 3R 64 /) i R B AY 2T

B2 IR ARF MR E IR R E ST KRR ES



1192 B =2 B KRR, 2020,42(12) http : //aammt. tmmu. edu. cn

7 i

Pz IeA
A

] ofs ' A ] ofs B
AR ARSI FATHR AR Sk
a 15
N
™ 10
o5
- () | S — L . R )
~1000 -800 -600 —400-200 0 200 400 600 800 1000 ~1000 -800 -600 —400-200 O 200 400 600 800 1000
8] t/ms I5F[E] ¢/ms
20
4 15
Q 10
® s
-6 1 1 1 1 1 1 I Il ) 0 ! 1 L i
~1000 -800 -600 —400-200 0 200 400 600 800 1000 C ~1000 -800 -600 —400-200 O 200 400 600 800 1000 D
I5[8] t/ms I5[8] t/ms
2007 a . B 5 2001 127
1501 1 . 150 1 9
g £ g
~ @ i % N |
g 100 2 R 2 100 w6
= B % =
50 H 50 3
4
0- O" O'
R E -5 F OEM G I R H

AR AR IR AR T I(H 1.2 X,n=60) D FEAYZABKG AR ED; B REREREFRHELEH(F 4,
5 R ,n=063) /)i BLEAY 2 TUARR 69308 7 3 5 Co ) 3L 18) B0 & Sh s 53 K AL 64 /) I BB AY B U RS S8 ( L n=11)Fo )5 A
(F,n=23) 83t i3 D Al M S e B ARG I RE BV Z L ERFAEZFM( L n=18) M (T, ,n=9)8F
B30 E S s E 08 A0 55 K AL 4G N s BB AY B AR BT I S (4) A JE B () 908 AR LA F e k) ik 1) o, 39 AL
/) R AR LR R 3 S8 (4n) A e B0 (1) 930 R AR PR3 G b ik 1A) A 3% 5% K A g ) B i B AY BT RS
S (40) AJE B (JE) 690 AR LB H R 1) 8 3R A ) I BB AP B U R T (&) A5 1 (3E) w9k
F AR E LA a: P<0.01, b: P<0.05,%5 F 4 b3k

B3 IR AR RS ST RN R AR TR SRR B SR



http ://aammt. tmmu. edu. cn

B PR RAEAAAR, 2020,42(12) 1193

3 atig

A3 2 o wfg AN TE IS 1] _EARSE T A =5 i it
B X ) I BRI AR R o T U P T L A
MESBIRAE T %% D Shi o kA R E
PR, XRG4 o U A 2 AN 2 AL B
B o L3RG B2 B RNG T RCR K W P A S
o

tEBC 25T 5 T = ) A L] fr) 82 AT A
R PR SR AR SRR S P 1 5 v R B
i B JRAE IS v K4 T A, S S P A
117 LS (% 35 0 s DA™ o MR T B T PR ASE
Ay, N A e (i) 2 PR 28 R & A I, o
TS I A5 8 2 > 2 0 4 1L R i g AR
K, TR0 FE A T 22 e /N BB T DL EBC 4R
RMBRAT T ] LRI IR R 0 AT CS
A US RLR AN AR 6 P 5 S 0 22, H R /N B B
it S X HAEA TS , A SR VR KT A DY B A R 4
Eifrmsh, (HFREPTE R DR IE SRS S
MBI A5 2 3 FR gt o PR, BRSO L /D R
REAE (L B 1 5 SRS T #2% (EBC YN %k, HAE L 5%
F T WS TER  T7 >) J E R 2 L)

AT HAE B i 3/ BT R T EBC I
Zk, ] A HAR SR X4 1 2503 St 47 A A0 1
MR e LR o W T R UESF R (EBC UG
R, ALt ZEEE /N SRIAT 22 A 3 i RS 96 12%
A7 ST A A SRR Al TERG, ARTTEULEE T A
{5 Bl BRI B2 J2 A 22 07 (EBC 7 i A P A
sl AR R AE (EBC A7 CS A1 US A0 w1 4],
LISNUN L9 EbIn G RGN D e 3 WS B E RN
WsmTUMITC N 3 BT, S REAEMT T — B A
WFTE MR R L 30% 1)/ B JE M2 TTHE CS 4 T2
JETHCRL TG B B DA . B, B tEBC YIZRBHEFT, /)
Jii Bz J2= 2 I R 5 1 VR AR 23 1) US SRk, $ R
A AT LR o) e AR AT R . ST E IR
2R A HTIKNES Y CS MR B & & e LT i AL i =
/I B J2 AR UL AR I, Pl e 5 AT £ AR
125 ZE 9 1 P A I 5 T US55 U3 5 T MO A P e i
FONCATEF it 6 250 15 BF 4™ CS A1 US 55 1)
W2 R B AN, 5 R H A0 i 5 & 4 AMPA 2 (RN
T, T P A0 CS R PE AR Rm A XAl
J& tEBC 7 B R BELH 2 —o P, A WF 5 WL 3]
149 /IVi B2 J2= 1o 22 0 D 55 TR P S5 BUA 56 T tEBC
SERLHA MBS . T 7E A R 3/ B A7 tEBC

AT R 2FRRAE S LA B 3 2 FE k-5 A 4B A — 2, X
UEBA T IR F A 30k

I XL 3819 555 5 3 FL 1 /DN B B2 J2 A 20T, AR AE Y
R B AR TR I KT b AN R sl =N i Bz
JER TR ) S BE A 2= > R A B AR, R
Ay ek 55 PR L AR 22 TG BU 481 S 3 0, B s NI Rz )2 T
FIE e 100 o 5 4 W 22 5 ) Dk 55 0 S R N e 2 4 iR
Z 5 (EBC fty. [A), i1 T3 5 76 % 3l 40 g L 431
b, HoIJG RN 4 e He A AR 4, BRIk ok 55 2R 3 B
P28 T ) EOAGI 3 1 B L 1 322 2 200 i T R 2 bl b 5 TR
B ek 55 BT B A R A T ok . 5 R SRR
TEAN ]I , A5 2 B < B 7N 12 22 P 280 175 Bl ik
55 15 B IF I B I 25 0 e 2 A8k, 28 B4R
16 B H I 37N B /N R 2 r 48 5T Pl 49 5 78 ) ik
SRR EE AL, DL S B X i A 4 A X A i
e 3 in, mRE /MK B2 )2 S 5 (EBC ST B Ry G
PIALH . XA FEMEE THA X T /N ZS S
tEBC AL B AH I . 752848 02, — 2 L il /s
ik 2 JE 22 T0HE CS 5 g AR R s B i 2. X
AR T IRATHE /NI B2 2 X e s 3 1 ks 4 it , &
T F B2 CS M KAE BRAL AR, A 7= A2 2Z i
IR KB R R B

25 b AR AR 40 L Sk 30 0E T H
/N tEBC 87 AR 8 A R, 18 X /NI e 2 p 48
JUIE Bl A PR AR A S B 2 2T S LR (R
1T THFAERMGEE . XN T — PRI T A 2
2 2 AR AL SR AL B T JE A

Sk

[1] SATHYANESAN A, ZHOU J, SCAFIDI J, et al. Emerging
connections between cerebellar development, behaviour and
complex brain disorders [ J]. Nat Rev Neurosci, 2019, 20
(5):298-313. DOI:10. 1038/s41583-019-0152-2.

[2] ORLOV N D, O’ DALY O, TRACY D K, et al. Stimulating
thought: a functional MRI study of transcranial direct current
stimulation in schizophrenia [ J]. Brain, 2017, 140 (9) .
2490-2497. DOI;10. 1093/brain/awx170.

[3] TAKEHARA-NISHIUCHI K. The anatomy and physiology of
eyeblink classical conditioning[ J]. Curr Top Behav Neuros-
ci, 2018, 37. 297-323. DOI. 10. 1007/7854_2016_455.

[4] HALVERSON H E, KHILKEVICH A, MAUK M D. Cerebel-
lar processing common to delay and trace eyelid conditioning
[J]. J Neurosci, 2018, 38(33). 7221-7236. DOI. 10.
1523/JNEUROSCI. 0430-18. 2018.

[5] CHEN H, WANG Y J, YANG L, et al. Theta synchroniza-



1194

o = FER R AR 2EH],2020,42(12)

http : //aammt. tmmu. edu. cn

(8]

tion between medial prefrontal cortex and cerebellum is asso-
ciated with adaptive performance of associative learning be-
havior[ J]. Sci Rep, 2016, 6: 20960. DOI. 10. 1038/
srep20960.

SUTER E E, WEISS C, DISTERHOFT J F. Differential re-
sponsivity of neurons in perirhinal cortex, lateral entorhinal
cortex, and dentate gyrus during time-bridging learning|[ J ].
Hippocampus, 2019, 29(6) : 511-526. DOI. 10. 1002/hi-
po. 23041.

LI D B, YAO J, SUN L, et al. Reevaluating the ability of
cerebellum in associative motor learning[ J]. Sci Rep, 2019,
9(1): 6029. DOI. 10. 1038/s41598-019-42413-5.
SCHREURS B G. Changes in cerebellar intrinsic neuronal ex-
citability and synaptic plasticity result from eyeblink condi-
tioning[ J ]. Neurobiol Learn Mem, 2019, 166: 107094.
DOI: 10. 1016/j. nlm. 2019. 107094.

ZHANG J, ZHANG K Y, ZHANG L B, et al. A method for
combining multiple-units readout of optogenetic control with
natural stimulation-evoked eyeblink conditioning in freely-
moving mice[ J]. Sci Rep, 2019, 9(1). 1857. DOI. 10.
1038/541598-018-37885-w.

[10] QIN H, FU L, HU B, et al. A visual-cue-dependent memo-

1y circuit for place navigation[ J]. Neuron, 2018, 99(1) .
47-55. 4. DOI: 10. 1016/j. neuron. 2018. 05. 021.

[11] HALVERSON H E, KHILKEVICH A, MAUK M D. Rela-

ting cerebellar Purkinje cell activity to the timing and ampli-

[12]

[13]

[14]

[15]

[16]

tude of conditioned eyelid responses[ J]. J Neurosci, 2015,
35(20): 7813-7832. DOI: 10. 1523/JNEUROSCI. 3663-
14.2015.
ANIKEEVA P, ANDALMAN A S, WITTEN I, et al. Opte-
trode: a multichannel readout for optogenetic control in free-
ly moving mice [ J]. Nat Neurosci, 2011, 15(1): 163 -
170. DOI: 10. 1038/nn. 2992.
TEN BRINKE M M, BOELE H J, SPANKE J K, et al. E-
volving models of Pavlovian conditioning: cerebellar cortical
dynamics in awake behaving mice[ J]. Cell Rep, 2015, 13
(9): 1977-1988. DOI: 10. 1016/j. celrep. 2015. 10. 057.
ALBERGARIA C, SILVA N T, PRITCHETT D L, e al.
Locomotor activity modulates associative learning in mouse
cerebellum[ J]. Nat Neurosci, 2018, 21(5): 725-735.
DOI; 10. 1038/s41593-018-0129-x.
KHILKEVICH A, ZAMBRANO J, RICHARDS M M, et al.
Cerebellar implementation of movement sequences through
feedback[ J]. Elife, 2018, 7. e37443. DOI; 10. 7554/
eLife. 37443.
GAO Z Y, VAN BEUGEN B J, DE ZEEUW C 1. Distribu-
ted synergistic plasticity and cerebellar learning [ J ]. Nat
Rev Neurosci, 2012, 13(9). 619-635. DOI. 10. 1038/
nrn3312.

(7 :2020- 02-07; f& [ : 2020-04-04)

(it R3er)



