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[ Abstract] Calcium is an important messenger in mammalian nerve cells. It mediates a variety of intracellular signal
transduction pathways and plays an important role in regulating neuronal functions. Calcium signaling performs its highly
specific functions in a defined subregion of the cell, especially in the cortex. Detection of calcium signals in neurons is
particularly important to study neuronal functions. In this article, we review the method of detecting calcium signals in
model animals. The common method include two-photon calcium imaging technology, deep brain microscopic calcium
imaging technology, and optical fiber recording technology. Through a literature review and analysis, new developments in
this field are presented. We also discuss the prospects of calcium signal detection to study cortical neuronal signals and

plasticity in various animal models.

[E&TH ] K E S L (2019YFC1710200,2019YFC1710204)

Funded by National Key Research and Development Project(2019YFC1710200,2019YFC1710204) .

[EE®N 120 (1994—) 5 2L mi L gE 26 BF5E 05 ] - BRFSWE BB G A IEMIIFSE . Email: 1135625057@ qq.com

[BEEE] TR (1962—) , %, 8%, EAREEIN, 55 AR S0 AFF5E 05 1) < MRS BB EAS IERYBESE . Email ; semwxr@ 163.com;
A (1960—) , B, Bz, AR BRI, {058 A T 0, WF 52 05 1« op G B 25 5 s R R BL 5 06 O 0F 5% 11 O3 I % J AN IE
Email; hongshenghil@ 163.com,
« JLRE GRS



b E SEEG SN 2EAR 2021 4E 2 A5 29 %5 1 ] Acta Lab Anim Sci Sin, February 2021, Vol. 29, No. 1 105

[ Keywords ]

recording technology

Conflicts of Interest: The authors declare no conflict of interest.

5 (Ca® ) J2 V] 57 LA 40 i o 0 S i o AR
il , RS B 1L 5, 92 5 5l i sl i 9
PR AR N Z R I RE R, B X R IT I D e
BREE, HYANESZ I ARG, 4 Sh S
T AL B AR L PN R T O 8 4 A R, A
B TR R 2 T N A Bk R AR A T Ak R A
MR R, 51— FR A AR BRSO, 4 i P
TN E SR T TS T B RE Al R T AE 4
A Ca® ¥ BE HE AR, 7 EL 728 AR, i b Mg™ |
Na™ K" 45 At 25 1 1 o B2 0wy, 3 22 e e v il
10*~ 10° 45 ARZ 5 1 R T8, Pt , 005 20
I PRV S A R R L IR M, R R R AR
SRR e e (R T Al i N

eI R K S22 Te YR RS, R 2
BT T AR BB AR 5 10 22 0 99 3l | IX T4
AR AFAEVF 2R, O AR K I R T S 20015 3l
T R ANEERE , A0 A0 S i 7 B 23 Bl I TR]
AR ST R EURE R TC ik A B A S T AR R
Wi 1 A5 BRS A k. 8 BUAG I — AR X 0 A 4
AR, B AT LU G o figp R R AR B SR E RS A,
TRUBAG A 18 A W 2 e, DA 5 B0 4% 48 75 380 14 i
JH, A (55 R I B AR S > o 4 R
AR K J Jee— N K B 7, X AL B Y
PHAE 7R B L, A () B e 6 i 2B AR B9 I, A
B AT M A VA M e ) A5 I AR s R A B

FIRITRTSE KB, BOL 785 R AR B 2Kk
AR TSR SO A BT A B TR K R
I 5 B WOG~2 R BRI R (GRIN) B BT R 4L HY
P B, TR TR AR B AR B T X i TR J= A 2
(S TR AT R RS T A v nT AR5
FEE R 220 B IEJLAR , — RO 2R 4545
SO IR B 1 PR A S AN, AR SO
RIS )WL B J2 45 45 - K 79 J7 3 B I o0 Y k47

1 JOEFERGEEA

KOG AR BR B 248 i — Fh 78 37 48 i 7K
- EERRE B2 IT A M BE B A BTk .
T A B ASAR , s 5 il 5, B0 28 50 s e St
MRS RE 7 A . RO T W ARBE AT L A S

calcium signals; two-photon calcium imaging; deep brain microscopic calcium imaging; fiber

(P28 R B AT R G0 R, AT LA RIS 5 221
2T WA AN 0 = DN R OB S O R L EZ T
FEIATIR AR T BB AR . RO+ 0 B 1 e T 2
— A RENHOE, BT LUK BT e (R ) A R
PERK T E B LA Be . T 208 X 2 2L 1Y 25
BHERCEE, IS F B R 3R 7 18 A T 80U
1%, FEMAIRROEF W AE T, — ) RENEOLBE R
R A RS S B R EA-His 2,
BRI, RT LA R S G HL AR A (PMT) Yk
LMD, B R R SR T L — B, H
TR 55 28 s SR 0, X Fh 7 i
s IR TS 48U TE 5 B B R R TR
110 NS SN a8 SN 1 N B AR R e - - L <
HAVERT . TR0 S U A B R R
Y& BV AU v S A e G
IR AR W RUUEE A A 22 on D e AR TR i AR
Y, EAE— R 50 56T mh v 25 30 4 00 w22 B 22 1 it
TR AT RE , AN 43 B K2 J2 Z 18] 1Y D g i 42 | Kz )2 Xt
A RReu ) S NE AT Ay 3k R e ) Bl 2 Bl
Z MR G LS RS ) ge s 25t
BTG Fe VIR A AL ZUNER , BE A% W I #if 28
TG Ca® 84k, il XU b I A AR 1 Bl 4 e TF
ROLHAS T BEIEE, Tran %1 52 I XUG 178
IR SARF AT /N BB 2 AT 85 A5, Rl 3] 1 3% BR
/N BRI SO 4T L+ A A Ca™ B AR, Muir 260
el TS S A ks 45 =X 3R T 9 /)N BRI 9
PUGE R 22 (VL DX) X BB REAE 1Y) SRy 8 B 4, TRl s
BOGF A AR SRR EE /N R VL X T/ T2 58 175
RIPHATTIE S, ZBUR R G Ti: ¥ A W06
K5 RS H 830 nm 5 870 nm 4 100 fs 4
JEIbk R #2EOE AR R T /N V1 XA 2T
TETERL B A R 452 X 0 00 i o 38 o B 1) 0L
SHEAY LA 7K, MeClure 26 F I XOE 745 1%
FOR B HAE R B A /N BB AT T VL 28T
AM/MERZTT, T V1 X /12 2ot fe
AR ([5G ) SRS (L T ) 2544 A Hi )
TR M 5 [ A, e & & B 1 75 2 3l o I T
ZRIURY 1) | Tl R YRR DL B e i iR i R el
11/ T2 43 28 0 v A i SR T o) R T SRALE
XG55 BAR AE A A6 I B2 AR 78 B IR % it B8R



106 P E SIS SRR 2021 4E 2 A4 29 %55 1 ] Acta Lab Anim Sci Sin, February 2021, Vol. 29, No. 1

(AD) /N FUSEAL f AFF 5 it A5 31 T B R 4
Bl T PR AR I EURG T L AT, 3T AR
oK, T T AR ARSI F85 B A ARG I 4 A AT L —
ol 42 DV Aty BT R % v B s s B O 1 A R80T 1
VT A A7 Fe i R PN R B 22 T8, LA SIS A A
2R LA KN 25 855 45 D ag , (] B 2 BT JR 9%
VR BRI B ST 7 A AR Y L T . Busche !l i XOE
T WA CAG S 7 F%E N BRI AR RS, kB
/I BB J5 U A At 28 50 1 S 9 R B AR M S
B ILHE R R R MR 2 e 5 i 4 SR ik 02 DA Y A
SN HIARMEMCENY , 1ZOT N ETE AD 1 & S b
KB 97 R w4 AL T — R AR 0 R P T BE T E
ik,

IO R TE M 2 ICAE 1% T F2 vp AT L[]
B HAE 5 LS 05 5 IR 05 5 1% 1 LA 31X
— e X R A AL BRI R BB,
2o 28 I BRSSPI 7 ik 2 — 2 g i
N Ca™ WM B AR BOEF B i B i P
RSB Ca™ F8AR Y el I TRAT T RE 0% 8 b b e
PRINMAR N 26 F TR 285 5 . Ding %1 FI
55 L AG RN AN i P 24 B4 B 4, 744 P [R] 1sf 0
DI T G000 R M 1R T ol 2 7 19 R P LA 5
AWM Ca™ fb2: 1055, Birkner 2% fifi I XU
T U A R O K o AT UG, I 45 G R AL O
FLFE /R A Cal=590 #EATIR EEARIC I 74, LN TE /N
U 2l 2 SO RE AT IR IR DI RE LR, UEIH T R
B2 R Z 0 5 I Jr BT IR 1) sl 40, T A T T
() AT RGP R AT AT, i e X
RGBT 5 SUBE 1 BLAR A AR Ak, R Hb 4 58 T 3L
T BRI ZEBIREE

XU I 0B 1 S0 R 5 485 AR R 1 45
A EFRATTRERS A T A sl ol 56 P T 72 2 A 11 45
& 7R K DN 2 TR 2 A 8 T AR I 0 e | 7 b 2 Bl 2
FEATI R B R R R TR 2 B F 5 A
K,

2 REERBREEAR

TR G R85 AR B AR R — Bl R i AR R
4l O I B R GEWER A AT N B
FIGA 1 2835 B0, I 0] UiE sE B8R W F i R B)
1SR 2 T #h 28 T 5 M5 5, 3O T LA D R
VIRETs o i # 28 d A L ) B A T 28 2 S, R e
6 U R R OB R R B SR SR

Aty e ) 2% O BCHE AL H rL BE A AR 2 R R AUV AE
ZIN BRI R 3 DX 2k A5 Ca™ A%, P LATE H
SR 2 LSS 0 ~ 0.5 mm® XA &
R AL AR, (] B BB 22 B O A /DN il Rl X 1 R T
200 N £ 0T Ca¥ IR 5 E R B
BEAHLL, o 20 S A 1% 3 A a5 Sk 2 X RIC
AR Ghosh 25 B R A B T A A 2EGKT G TR
W R BB ARV, R 5 TR
NEGK B TR A s s s 8 22478 .

ULAES B 240 [ € LB GRIN iB5 R 48,
F AT 3R 0 PR AR Aok 5 6 2k M id S 0k
I REST . GRIN 55838 5 5 108 3k 6 S e & 1
FH, GRIN 853k iR B /N AT DL i, HAT B8 K
PRI S i AR E , 7E 5 GRIN BEIMI45 & )5, R
AR AR 7R G nT LA SR ECE A Rl R 2 DX
PR TCI S 16 Sh KR B0 3k 2633 8% mT LA Sk
AN TR GBI 33k (4R e i) oA A 36 R B il
(AR 22 T 21y, DT SR N T KM W Ty ot 22 5
MR, A B T A 05 5 2 AT 0 15 5 B9 bl 48 3R A
Zhang %517 7RI A BE RS B SRR 145 A GRIN
BELRGE, IIXAT R B K R 2 e kAT 4
AR RGO U Y T GRIN 325 45 A
A FARTRE O S e /N Bk 3R A e 8 DL J
BIRAE ST i T B0 , H PR R 3R 5
BT8R (GCaMP6) B3 75 4 A 10 0 fii X 3, 77
H bR A X 32k |- 7 # A —A4~ GRIN iB45%, 75 /NRF
RIKE S5, W W B 4 2 e AE /N BRUSK 07, feJe e
H G sE R 2ot shic s Pk, Ziv 50 78
REHFEDBIAE N A BIEs/NR & L K
B OA B R G AT AU, TEEOR N IR EE T T
CAl HEARZIM Ca® 3257281k, Barretto 25"V | &
A WU B T S 2 (GRIN) od 4, 1B BE T AR/
U CAL I SHAER R 220 28 | K I Be ) 98 A
e s 1 e e, I L AT 0 25 A el AR R R AL
Rehani %" I {08 P4 81 5% L8 R 45, % GRIN i
BERE AR IGIRAL | B h Xt B iz s/ AR AR IR
BB IA] # 22 T A5 Sh HEAT LR, #5717 R g i)
P28 T 2 27 4 R 1 15 s X

Sato %Y FF K T — bR B X0 AR £
WEIB RS, % AR5 HA GRIN &5 1B N B 6%,
AEA% LA 5 A 471 i 2 0 BRI P9 35 IV 5 C A
A A% X 38 1) 1 28 T 76 sh UEA T 45 AR . 2L 7
JIN BV T R0 A A A% o 5 BAS TR] £ 0t 220 I 4% 7%



SRR B A4 2021 452 A 5529 555 1 Acta Lab Anim Sci Sin, February 2021, Vol. 29, No. 1 107

(4 22 IR UE I T E AR SR TP R, X
b 2 £ S RPN B AR 8 T A4 BRSPS
WAGTTIEIEIN T — AR 4ERE

ZRGRME T B AR IR AR H A5 X
AR, KIKEZJZ T 08 DX, i B | i AR i
FLRAEANAY L5, 40 CAL ¥ B v (R4 5 3, #5mT LA
JRAR S RS G A o R BE 1 b 22 [ % 5
PEAT TS ) 40 i o0 B R R i A AT IR BRI
S AT LA TR R N 14 B2 J2 3 2572 A A B2
AT I A R £ 5,20 5 ) ok 22T pIL

3 RAEFREAK

TEEFIE SR AR, BRSNS EF 6 B A, 2 3 L
SRR — B R G AR iE SR A5 5 1 vk, mT R
AT R 5 RO A A ok S W A P O 3l Bl
PR RAL B 40 22 O TE PR AR A, PRCBR AR T By
ARV 00 S 40 2K R ) o 22 DT TR B AR B T
FTZRIA S22 SN RAT AR A 2 4 2
P — ZR B Bl AN P9 5 KT 1 T T
55 GCaMP S5 EHE /R R Eam B, KRG i
— AR ) LT HEA KN, 9% J5 i 3 R — AR G £F
W R HHE . D¢ I A HHAE 7 R 5 il X1 6 £F
B A0S 3 Y, O A A 48 A AT A R R A T LA
TIPSO LSS, RS IORIE IS, B
HRANDELFE R R GRS, #E— L 5 sl
TCIEG B RAT R R AE et . TR ik S F Tl i AR 4%
RTLLAS T, 204 AT DA 32 B4 2 B8 2y, DA I 4 1 22
TCIG 85 2 R AT I R AR R, XN R A
R B8 TG T 8 5 T 1 A 20 4 S8 35
PrE S CEE Y

L 5% AT LA I A AR e I e 28 00 7
Zhang 252 IR T G LR 0 S ARG I /N BRAE
FI H12 shad B th W1 9z 8l B2 J2= A R i K2 )2 (M1
MV S5 RH Ca® (55 o X P 5 8 it i 4
PEl 55 B 7 VR B R R B M O HE R R (R
GCaMP LA 7R ) FIHEE ki X, 1] FH 46 7 77 ) 2%
B E AR A At 26 0 Hh A S I kAR Ak R B
ok, 3T ARG 3] i X 26 085 T Sl 3 K 2
300 ~ 500 wm, Stroh %2 [FRE FHYGLFIC S A
E T WA A TR A A Ca™ B S & AR AR LB
K2, Cui BT T — B0 RGOk DO
AL AR AE L ER T B0 0 /0N BRUKC o R 45 44 v 26 3k
(RS EE R G T A i, > 5 A RO M PR M R A

FEPR A i 45 5 148 8 R ( GECLs ) AHES G I I &R
&5 n] 1T AT 52 2R AT SR AT 55 19 /D BURE GE 40
FERUF- B 2235 3l IR0 % 1 AT ALAT R AR AT
S5/ P 5 A A AH OC B 2 A8 Ak . R IR
SRR E IR E rh X S IR {E B
i, Iz 52 i B 52 (Al BE (5-HT) 1 48 X
Bie , (ARLIR Bz )2 nfey 32 5-HT AR5 FER KRR EE |
RN, Wang 5515 | FAS 625 56 BE A H2 R
ADGIBAL A ARG T 5-HT UNfal 5 w1 FLR 2 )2
(the anterior piriform cortex, aPC ) 4 A #H 22 5T 1) 1%
P, R T S-HT i 5-HT, 321 BEAREE C 145
AR (BK) T8 1 1 PR AR 220 i A 1, I
Ab, IR IS 2 ABIES aPC H#ER B2 o0 Bk 5|
EREG N, XL R I E T aPC 1 S-F (Al hE
IR LR, O B BT T VAR o v i 0
IX.(VTA) 2 5 Ve BB fh £8 JTAE o 32 0 TRt %) 2% A4 o
TR g SCHEAE T, SR T, VTA 2 L B RE il 28 7T
TESE R T B A FH G AR 56 4 T #f . Eban 551
LG R H ARIE S T B o136 3/ B A5
TEPE, RIL T VTA Z B HEREAH 28 T8 1A [R] 45 36 %) it
A AR IR AR 4878 T VTA 22 8 i RE Il B 7R
YERPIE MR S5 S W) AT A 2 AH DG 1 B IR AH G AT
R EEAAE

JCEF BT EAR R v B RS, N T BN sh Y kAT
e 7, T H B AR AR /N R W B TR 2 I 2 5O E
SRR . R BARAAGE T A —3h 4 K ik
AN ] X 28703 Bl 30 5%, W H T AR Y 3
Pk, B R Rz N H T A B s B s Al
ST TS

4 PFBETFRAEETFTNEZRSENH

ARk 45 R B AR TE W ST A AR 2850 T T A2
Fo R B T AT 5 A8 s R i e 5 0
EE) T E RSN . A 9678 BR 7R B 85 L
PQEAR I I I 28 T AR fa A B AL T —Fhola 2y
Pio EATEAEA A T s B Rb 7R St I i 2
TCAEAR N B3 3l , 33X 5k Shy /N BUASE Y Sy ) R fiki Ao
ZICHEE S BT RE T AR

SR FH T M A B A A5 Bl ) A2 R A5 4 s
YT G ICE A, BAE SR K,
FORE TS 28 s R BRI, 5 8 R A S
ST G A8 A, DTS B0 19 53 5 A2 4k
FH—RAE5DECFE /R FIH Indo—1, Fura—2, Quin-2,



108 P E SIS SRR 2021 4E 2 A4 29 %55 1 ] Acta Lab Anim Sci Sin, February 2021, Vol. 29, No. 1

Fluo-3 ¢4, H, Fura-2 & 48] LR H 89—
RGBS A5 57 H IS5 & 4, TL R BT A58 6
Bt 5 2 v B AR A T AR Ak, o] DG 31 48 iR 19 23 )
w2 SR (ENPS NI (516 o e (A AT W N
SSRGS E TR, BUAE R 0 U e g
R GCaMP |, B & — P U I DK 4 A5 10 5 25 45
ARA(GECLs) , & — MR 5L 1 (GFP) , il L
0 AR R — ok B 71 UNUER 2R 5
(RS20) MAKAL G . 585 15 FE & 5 RS20 45
A WA AW GFP 4 F YT . BT 4
PN 7K - £ 25 3h A L7 (R 3 % T T S, S B4
FUARTRAANNG, 24 20 0 P9 A 2 0% (0 45 B, 45 5 45 45
IRFNZE A AN BN — R0 Bl 5t Al 2R 1 127 P A 45 R 381
GFP RIS, NI oG R > Rk nT LA
VER—FP I A5 55 (45 F5 . Chen 25 1 FE 9%
B (AAV) K GCaMP A8 5L 3 A /N R E B2 )2
200, W VR PSSR I 2] T BN B S A 2 41
NI ESIRAE BB LR 2005 10 85 48 7~ 7] ( GECLs ) ot
SRR o R | B2 T RER X BE 58 TS R
FEARFRRE BRI LT R I A0 33X 4 oft 28 5T 11
BENASA, T LASE IR A P S B W 9 0 400 B A 43 3%
g FTRL, S TR SN R 2 A 4T A — Al
WIFRE R,

5 B

IRy =|

AN 18 1 4 2 1) K DR 52 396 6 A [) 19 F 9
WL B O RO M B AN, IR R s ATk
A Ze WL, BT 45 AR B R W] LA i
KA 28 T, H A BR T JOR I 1k 3k 358 32 PR A /N B2
JRERJE X I AR E T, — B 4l
2R IE 3 R R, T GRIN i3 55 R 48 10 i
BT 3 Wiz B 4 BR A L A 0N, L BE A iR X
TRUEAT IS, S — ol it XU B AR 1) B 5
M7 . AR TR B A & 5, TR M K
HUSE SF HAR AR GRIN 3% 85 B AR 8K (Gl 3 =
1 mm) , ] 25 ™ 5 A4 20 445405 , 2 461 43 73
RS AR A R BB, UL, Bl 15 38 3k Y
ELAER SO/, T RE 2 S ECH BB, B R
FETOCEF B E5(5 5 R I 2 AR Bifi 2 55 28 6 48 7 7 1)
RIEH RS BT HER S PERERE, HS
PN R I Ny R R 2T ve i I TR S U A Eb |
B GIBE R0 G 5 T b e K A e, ol L ) 7
) —E BRI

6 Hiz

HRAKIUAE, I — D E LSRR AT e s KR P
J'& RS RAERTRE AT M IE R s & 1 X 2
RURY B2 2 P 2 T HEAT A AR . X BRI AN 23 )=
BRI, (HAR AT 2 9 e 3 HAB A Y In =5 51,
W ICHRE RS , — 152 ORI A4 Rz ]
ST TE 25 R bl 28 05 BF 5 v 0 P 8 A5
ARATEAN S350 (0 A 2 MU T Ry 25 45
BRI — 20 K e A5 Rk 3D UR AT A
A%l 3l P 0 TR A B A B BT B T e Bl
HEFHRB R JE, 5 SRE AR H B H 7, )
KHBAR T TP 28 50 240 M 45 46 5 T e 1) 0 58 Tl R g
TEM 22 2 50 TG 28 28 B 2 450 8l A T I iR A 1Y
N

& % X #k(References)

[ 1] Suinger C, Pachitariu M, Steinmetz NA, et al. Inhibitory control
of correlated intrinsic variability in cortical networks [ J]. Elife,
2016, 5. €19695.

[2] XuQ, Dong X. Calcium imaging approaches in investigation of
pain mechanism in the spinal cord [ J]. Exp Neurol, 2019, 317.
129-132.

[ 3] Helmchen F, Denk W. Deep tissue two-photon microscopy [ J].
Nat Methods, 2005, 2(12) : 932-940.

[ 4] Svoboda K, Yasuda R. Principles of two-photon excitation
microscopy and its applications to neuroscience [ J]. Neuron,
2006, 50(6) : 823-839.

[ 5] Resendez SL, Jennings JH, Ung RL, et al. Visualization of
cortical, subcortical and deep brain neural circuit dynamics
during naturalistic mammalian behavior with head-mounted
microscopes and chronically implanted lenses [ J]. Nat Protoc,
2016, 11(3): 566-597.

[ 6] Birkner A, Tischbirek CH, Konnerth A. Improved deep two-
photon calcium imaging in vivo [ J]. Cell Calcium, 2017, 64 29
-35.

[ 7] Yang W, Yuste R. In vivo imaging of neural activity [ J]. Nat
Methods, 2017, 14(4) : 349-359.

[ 8] Tran CH, Gordon GR. Acute two-photon imaging of the
neurovascular unit in the cortex of active mice [ J]. Front Cell
Neurosci, 2015, 9. 11.

[ 9] Muir DR, Roth MM, Helmchen F, et al. Model-based analysis of
pattern motion processing in mouse primary visual cortex [ J].
Front Neural Circuits, 2015, 9. 38.

[10] McClure JP Jr, Polack PO. Pure tones modulate the
representation of orientation and direction in the primary visual
cortex [ J]. J Neurophysiol, 2019, 121(6) : 2202-2214.

[11] Busche MA. In vivo two-photon calcium imaging of hippocampal

neurons in alzheimer mouse models [ J]. Methods Mol Biol,



SRR B A4 2021 452 A 5529 555 1 Acta Lab Anim Sci Sin, February 2021, Vol. 29, No. 1

109

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

2018, 1750. 341-351
Busche MA, Grienberger C, Keskin AD, et al. Decreased
neuronal  hyperactivity by

amyloid — B and increased

immunotherapy in Alzheimer’ s models [ J]. Nat Neurosci,
2015, 18(12): 1725-1727.

Grienberger C, Chen X, Konnerth A. Dendritic function in vivo
[J]. Trends Neurosci, 2015, 38(1) : 45-54.

Ding R, Liao X, Li J, et al. Targeted patching and dendritic
Ca®* imaging in nonhuman primate brain in vivo [ J]. Sci Rep,
2017, 7(1) ; 2873.
Ghosh KK, Burns LD,
integration of a fluorescence microscope [ J].
2011, 8(10) : 871-878.

Cai DJ, Aharoni D, Shuman T, et al. A shared neural ensemble

Cocker ED, et al. Miniaturized

Nat Methods,

links distinct contextual memories encoded close in time [ J].
Nature, 2016, 534(7605) : 115-118.

Zhang L., Liang B, Barbera G, et al. Miniscope GRIN lens
system for calcium imaging of neuronal activity from deep brain
structures in behaving animals [ J]. Curr Protoc Neurosci, 2019,
86(1): e56.

Ziv'Y, Burns LD, Cocker ED, et al. Long-term dynamics of CA1l
hippocampal place codes [ J]. Nat Neurosci, 2013, 16(3) : 264
-266.

Barretto RP, Ko TH, Jung JC, et al. Time-lapse imaging of
disease progression in

microendoscopy [ J]. Nat Med, 2011, 17(2) . 223-228.

deep brain areas using fluorescence

Rehani R, Atamna Y, Tiroshi L, et al. Activity patterns in the
neuropil of striatal cholinergic interneurons in freely moving mice
represent their collective spiking dynamics [ J]. eNeuro, 2019, 6
(1): 1-16.

Sato M, Motegi Y, Yagi S, et al. Fast varifocal two-photon
microendoscope for imaging neuronal activity in the deep brain
[J]. Biomed Opt Express, 2017, 8(9) : 4049-4060.

Attardo A, Fitzgerald JE, Schnitzer MJ. Impermanence of
dendritic spines in live adult CA1 hippocampus [ J]. Nature,
2015, 523(7562) . 592-596.

Chen Y, Lin YC, Kuo TW, et al. Sensory detection of food
rapidly modulates arcuate feeding circuits [ J]. Cell, 2015, 160
(5): 829-841.

Martianova E, Aronson S, Proulx CD. Multi-fiber photometry to
record neural activity in freely-moving animals [ J]. J Vis Exp,

2019, 152: e60278.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Zhang Q, Yao J, Guang Y, et al. Locomotion-related population
cortical Ca®* transients in freely behaving mice [ J]. Front Neural
Circuits, 2017, 11, 24.

Stroh A, Adelsberger H, Groh A, et al. Making waves; initiation
and propagation of corticothalamic Ca®* waves in wvivo [ J].
Neuron, 2013, 77(6) : 1136-1150.

Cui G, Jun SB, Jin X, et al. Deep brain optical measurements of
cell type-specific neural activity in behaving mice [ J]. Nat
Protoc, 2014, 9(6) : 1213-1228.

Wang D, Wang X, Liu P, et al. Serotonergic afferents from the
dorsal raphe decrease the excitability of pyramidal neurons in the
anterior piriform cortex [ J]. Proc Natl Acad Sci U S A, 2020,
117(6) ; 3239-3247.

Eban RA, Rothschild G, Giardino W], et al. VTA dopaminergic
neurons regulate ethologically relevant sleep-wake behaviors [ J].
Nat Neurosci, 2016, 19(10) : 1356-1366.

Zhong C, Schleifenbaum J. Genetically encoded calcium
indicators; a new tool in renal hypertension research [ J]. Front
Med ( Lausanne) , 2019, 6. 128.

Schoenenberger P, O’ Neill J, Csicsvari J. Activity-dependent
plasticity of hippocampal place maps [ J]. Nat Commun, 2016,
7. 11824.

Lin MZ, Schnitzer MJ. Genetically encoded indicators of neuronal
activity [ J]. Nat Neurosci, 2016, 19 1142-1153.

Chen TW, Wardill TJ, Sun Y, et al. Ultrasensitive fluorescent
proteins for imaging neuronal activity [ J]. Nature, 2013, 499
(7458) : 295-300.

Liitcke H, Murayama M, Hahn T, et al. Optical recording of
neuronal activity with a geneticallyencoded calcium indicator in
anesthetized and freely moving mice [ J]. Front Neural Circuits,
2010, 4. 9.

Stosiek C, Garaschuk O, Holthoff K, et al. In vivo two-photon
calcium imaging of neuronal networks [ J]. Proc Natl Acad Sci U
S A, 2003, 100(12) . 7319-7324.

Komiyama T, Sato TR, O’ Connor DH, et al. Learning-related
fine-scale specificity imaged in motor cortex circuits of behaving
mice [ J]. Nature, 2010, 464(7292) . 1182-1186.

Rochefort NL, Jia H, Konnerth A. Calcium imaging in the living
brain: prospects for molecular medicine [ J]. Trends Mol Med,
2008, 14(9) : 389-399.

[KFEEHH] 2020-06-25



