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Abstract

EU, Ex, 8, BRI OfTEI 2R 2 2 DId, MRRRNOREKOE) X 1Tk 2,
AR DORFRD & D X5 ICHRARERICED O, &0 X 5 IATERERM T, £ X 5 I
om0 5D oHIcT 5 L, HRBIFEOERLT —< DL DTH 5,

HRAXRARE R IC X, 7 2 RIS 2 e 3 2 e = = —m v & | [A] U AEIE N ISl sk & 1 iE
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%, AT o L&, O, FHf =2 —u v 23E&E N5 L FE 2 LN AR % H
T 40 BHGEIRL, VY —AH» LY Tz,

Ihoicx L, SGEEFEEZ W2 MRETEIER 2T, FFEDITH 25K T2 =2 —1
VEGURMER L 2, Z DR, Gald BN EETHEIC X Y 2B H 2 - (L HEET)
DHEFEN L2 ZMEBEBFR R L2, 2D Gald ZFE D% { 13D TIEH 2 3 EHED =
2—BYEFATORZOT, =2 —a v ZKVALZD, I HICL—F —HIc X % Hijf
HX AR R~ D SR FTRETE BN ST, Gal80 % H 7z — & O FEI T D Gald BEREFHE., 7 v —

VIR E AT 0L 2 R0 (a3 v Y a oD R 5 AEMNICHEEESE CTHIIT P E D 720

JEANR) BT, BBV A —ma—v Vv REEL, [ avya v T iffEg 5 EL

NICHEEECHIT P ED - DI ENFEN =2 — v VY ICE TN BB NI N —=a—m v %

T=a—BY, [Ya Y a v TR 5 EUPICHEESS THHT T E D 72 0 JE LB =
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*ﬁ‘%?jiof:o

T2 —BYEEUY av Y a v SR 5 FELPICHERESE THITT T IE O 72 0 IR

B = 2 — v v OREENNE] 217 5 & BRI - H ot X 2 1%B8 ABhEE) 2 L 72,
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EWRB X NSz, T 7GR~ DR E R I 2 2 BT T3 MR ET o fiR R IC B IR 2 i
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Lfild 2 &t =a—n Gl ahid 2 e .Ca 4 A=Y v Ik o TRIEEI N,
TOTlHhb, 1 =a—u Yy PERBEAFEE ZEZ X5 RERERMICSC CEET 5 C
EBEPD NIz, t=a—uviE, 2 Y AEEMETH Y. WES T1-T2 #ifesrHiD DM e
HOERE D> 5 N1 % Z T TR @ VMC fEIIC ) L T 7z, DM #SEEGA RS IC 1%, SEE~ D
M 5 %B% F ) A —F 2% Wave = 2— 0 YOHIEBIFIET 52 Z LB bN T\
72, Wave —=2—nB v e 1 =a—v Y ZEFHCAEIL 28R, ERo T2 0P8I
N, Lo CEEMESGZ LT ARSI RR I N, TN DERIL, 122 —
o IR BT ORI O TR CEIBEB) OB b o T 5 2 & | FRIC il o Rl
KRLTIE Wave =2 —a Y AL THREEL T2 2 LRI,

“H oy =a—nyEESla Y Y a v ST RHA © 5 ELINICHEES TR FED

7= O IFRFIER = 2 — v v OVEEHNH 24T 5 &, FEIC X 3 5iR - Ja it A BhES) 23 5P

L7ze LT, yo p=2—0 YOIl E R0 %IEES O FER I+ 772 Tk
T HDZEDWRBEINTZ, p =2—v vk, EADOMD VLP fEIERICHEHRZE & iR
DWIT % FFo13 A, oA OIGEE T1 AR HIC DR 2 L L Tz, —Hy =a—m Vit
JE R AR D B ICHEE S % GABA {EBIE= 2 — v v TH b, JHHE A2-A8 M HiIC F 7~
230 Cl MR ANE Z AR ICAE 5 — N OMRERICR A P F TR - TL v F T R%2Hb,
N O VLP S ElZR 2 X L Tz, VLP ST ICIE, B3 2 kb rHhic B
54 2%B 1Y 7 —E= 2 — v v Bi-Cluster DR BFET 5, ThdDERD S,
p=a—u vy =a—u VRO TR cEBHIENICE D > T b L AR I T,

¥, 122 —uv gl a vy a v ARkt 5 FUNICHEESFE CHITPED 729

FERFIEN =2 —u Y, gy, p 22— Y 2R a v a VST REEH 15 EDIPICHERY
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e lbic, AETCABREESEML7Z, 2020, 10 p y =2 —8a ViE, HEF~D
BRI P 0  ECIPE % 52 72 BRIC HiEE & A B EE) o [mB& 2 I 3 2 1% E D Fr o TH D |
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Ziob b, BRBEAFEHZ N ) —F 500 iEEHL2IC L, 5%, 2D X5 REK
D=2 —n Y OREZE L., {TEREFOEREIC I T 5 KO EEGEE Z B 22 6I{H o (1
HBHL TR B EFFF TN,



Feel, think and move. These actions in the animal kingdom are thought to be produced by
neurocircuitry in the nervous system. Understanding how sensory stimuli are transmitted to the central
nervous system, how action selections are made, and how the movement is actuated is a major goal in
neuroscience.

There are two types of neurons found in the central nervous system: projection neurons and local
neurons. Projection neurons project to distant region(s) whereas local neurons locate within a certain
region. Accordingly, projection neurons are likely to play an essential role in integration of multiple
sets of information and information transfer to other regions. In this study, I systematically investigated
and identified three types of projection neurons that trigger action selection in Drosophila larvae.

Drosophila larva is a classical model organism with strong genetic tools, including the Gal4-UAS
system, which enables induction of gene expression in specific cells. A large collection of Gal4 lines
has been generated by the FlyLight project and has been deposited as an open source to a stock center
with images of the Gal4 expression. I screened through the large collection and identified 40 candidate
lines that might contain projection neurons.

To examine if activating neurons targeted by the candidate Gal4 lines could induce specific motor
pattern(s), I carried out noninvasive behavioral experiments by using optogenetics and identified
several lines that target neurons whose activation resulted in increased backward or forward
locomotion. Because many of these Gal4 strains contain multiple types of neurons, I then performed
1. Spatially localized photoactivation within the isolated central nervous system, 2. Partial suppression
of Gal4 expression by the Gal80 technique, and 3. mosaic analysis, to identify the neurons that trigger

the behaviors. As a result, I identified three types of neurons which trigger larval backward locomotion

when activated by optogenetics and named them as 1 (targeted by |~ 2 7 ¥ a3 VN Rfi4 ¢ 5 4F

AN ICHERESE CHIFT 7 & D 72 D IENBH), n and y neurons (&2 7 ¥ a VN R4 5 LU

WICHERSSE CHIFT 7€ D 72  IE LV BH), respectively.

Silencing [~ 2 V¥ a 7 NT R ¢ 5 ELANICHERESE CHIAT € D 72 © IELBH| targeted

neurons (including the t neuron) reduced the frequency of backward locomotion induced by tactile or
blue light stimuli, suggesting that T neurons are not only sufficient by also necessary for the induction
of backward locomotion upon the sensory stimuli. Next I used calcium imaging to record the activity
of T neurons while applying electrical currents to stimulate the sensory nerve root in the thoracic
neuromere T3, which conveys tactile stimulation in the head to the central nervous system. t neurons

were activated immediately after the electrical stimulation, suggesting that t neurons are activated by
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the tactile stimuli in the head. The T neuron is cholinergic and receives inputs near the Fasciclin2-
positive DM fascicle in the thoracic T1-T2 neuromeres and projects to the VMC region in the brain.
Interestingly, Wave neurons, which were previously shown to be involved in the regulation of
backward locomotion induced by tactile stimuli, also project towards the DM bundle. Indeed,
simultaneous visualization of Wave and t neurons revealed an overlapping region of their neurites.
These results suggest that T neurons receive information from visual and tactile afferents and regulate

backward locomotion.

Silencing [~ 2 V¥ 3 v N R4 1 5 FELANICHEGESE CHIIT ¥ IE @ 72 ® JE L Fil-targeted

neurons including p and y neurons decreased light-evoked backward locomotion and bending
behavior, suggesting that both or one of p and y neurons are not only sufficient but also required for
light-evoked backward locomotion. Anatomically, the dendrites and axons of p neurons arborize in
the VLP region of both hemispheres, and an axonal projection also extends bilaterally to the T1
neuromere of the ventral nerve cord. ¥ neurons are GABAergic. They extend a bilaterally pair of
neurites anteriorly across the abdominal 2-8 neuromere along the CI fascicle and an axon that project
all the way to the VLP brain region. The previously identified Bi-Cluster neuron, which is another
candidate backward triggering neuron in response to blue light, is also known to extend their neurites
to the VLP region. These results suggest that p and ¥ neurons are involved in the regulation of

backward locomotion in response to visual stimuli.

Intriguingly, inhibition of |& 2 7 ¢ a v NT R/ Hi4 5 FLANICHEEE CTHITT FED 72031

IS and |22 7 Y a TN R4 5 FEUWICHERESE THIAT T E D 72 D IE A targeted

neurons also increased forward locomotion. This suggests that 1, |1, and y neurons might play a role
in suppressing forward peristaltic circuits when tactile or blue light stimuli are presented.

Taken together, this study identified three candidate projection neurons that function as trigger
neurons for backward locomotion by linking the perception of blue light and/or tactile stimuli in the
head to the execution of the escape behavior. Accordingly, this study provides the fundamentals for
the future studies on the functional role of projection neurons on information integration and action

selection.
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1 MRS SEEBE X UCHEER
1-1 oW TEOER B =2 —a v

1-1-1  HEov & — v F A

) OERR 70 B ¥ 2 — vk, PRCHIRSRIN D = 2 — v YEEDSER Y 7 REEN Y 2 ih BN I
LoTRIVHEENE L EZONTWD, MAIFHENITIToTWw5 [H ] LwHfThics
WC, [ZOBRORICZDFRENREE R XS | e EZ2 il [HH) k7
EZBILPFITEHOBI TSR — Y REBTEL, 2O b, BiE ORI S 2 — v
CTHE) = 2 — v v Z2iEE) X & 2 R REIEE S, BIICERIICiD > T 2 e A TFHTE
2, LrL, ORI TEREAN R LICY ZLE2EKT 2] bDTHEDD, H 50t K
H74—=FRNy 7 ICX B OEBEETTY) XL 2EMT 2] bDOTHED0IE. Kbk
MDONRTH > 72 (Delcomyn, 1998),

COFSFHRREE RIzDlE, MTOERIC X > TTh s, Mb, HhEEELE Ny ZiC
RATTEN Z T8 T\ BIRAEC, WOEE) %2 [EH T 2 EREIRE & PAHRR & Zfb S
g ZREL T, BXEHENICHE S NARMEEG =2 —a v Ok x — v IcZb
Wi o72DTH 2 (Wilson, 1961), T DEERIC X b hiRERICH 5 LR TNz, EHW
IREB) N 2 — v & RS A HRENY AR R L, 2 OB HPRoY 2 — v 84 8R (Central Pattern
Generator: CPG) & M-I 3 X 9 I1C7 > 72 (Delcomyn, 1998),

BUE TR O @RI 08B S 2 — v 13—V, S OS2 — v BAEGR 2 OE Y H
ANz LEZHLNTEHED (Mulloney and Smarandache, 2010), AIFFETH I v a vy a v
IEhHICEWTH, HEE A BES) B X RB S A BES) DK R EA N IEFEET T
BT 2 2 B S T 5 (Suster and Bate, 2002) ,

1-1-2 ffT8hrh YV H—=—a—nm v

T, TOHFWBAR -V REREWENIELZRL v FDLI =2 -V EHEDEA)
Do ERWREE NX -V RREORBICX>THELZZLERELLAIONT W
(Tinbergen, 1951) 23, HMR X — v RERZWEN S 2 =2 — 1 VIZOWTOMFEIE, &
Y 77 = Dk 0 EE) & Flf 35 FEER (Wiersma and Ikeda, 1964) 2 biaE o7z, Z OIS
Tld. ¥IH =0 —HONME= 2 — v v OIGEBENELL A BEVKILIC X 2 bEEE) %2 5] 2 2
TERHLPICEINTEY, —HONE= 2 — v v 721 TIES ORI - FEheheE - 38 X 23]
Hcxzazehb, ZoWRlFa~y F=a—v VR L LT 517z (Delcomyn, 1998),

ZORIEPOEHYTOHWAN X — v REREZNE €2 =2 — v VIHOFELH L 2 L
72 o7z (Grillner, 1975) 28, a~v Foa—uvu vk [—EHOEEBZ5ERICERKTIDIC, %
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DIEEIR LTS =a—n V| EERT DL, CNICERICHTEEZ2DIFIFL AL
W BIETIL, B2 5] 2R CIREPERD 2 560, BRO =2 —u VORI X o
CHEEIVNFEIRT 28567 £ KA B35 5 41T % (Kupfermann and Weiss, 1978; Delcomyn,
1998), % Z CAWIFE CIRFEEIIC, [—HDER) 2 5ERICERT 5 DIC, Z DIFBLEA
Nh=—a—m V] Zawy FYRAT LY, [—EHOMEE) % TE2IERT 01, 20
WEA S hma—a v 2V -2 —n v bR L LT 5,

1-1-3 BSHf==2—um v

bt = 2 —m v (Projection neuron) &, Z DHMIAADETE S 2 HHIE & H 75 5 FEIBUIC IR % ff
FL. BN 21To T3 =a—n v & %S (Amaral, Chl7,2000), i fEHE
PRLET BB SIMICIEIRZIE 2 3 = 2 — 1 v % FA71E (Ascending) . M2 & I Ewh#EHT
BRcEHREZL 2 5 =2 —va v % M7k (Descending) &MES, T/, AL TIE. Glide
FEMZBECEI I Bz —m Vil o T =2 —n VICEDIIENR & L7,

rit=a—m v ofilzziF 25 &, fHlzide b TlE, Anterolateral system & V> 5 , JH R
HE DIEHR % LD S ~{5iE 3 % Somatosensation DR 2IH SN T3 (Gardner et al.,
2000), T, BEEOFICHFLAEE s —n v b ANEZ T, FNERKICER 2
wEEFO, TTlE=a2—m v o223 25 & flxide Tl Corticospinal tract & \» 9 |
FEPOHFWOER =2 —a v ZEEI Y Fr— L LT3 HEROFESAI O N T3
(Amaral, Ch18, 2000),

kb, Eif=a—wveafichsBiae LT, A UHEEBNCERZHITLTnws =2 —1
veElna—dirma—uv]| HrwWE [MEZa—a v ] EERDS, MEoa—a Y End
SEICREEAMVETH L, BE—a—v vtz —n S0 a—a v ENE=
2—a Y EETHAD S, BICARX CENME=2— oY e nw) EEIIZHLLDEKRT
DHHANT NS,

B =2 —o VIR RZMEEEZ ORS00, HEROEXY T 4 DA RN 8L
D7 & OER OGBS 3 2 RSB 5, v 3 v Y a v A TR HICE W T, T
TIE= 2 — v v OGN & — v BRI e T b, Flolk 72 3 © Tk
=a—u VI 350 fFET B LHEE T T 5 (Namiki etal., 2018),

1-2 T avyav _"TiRofTHE) & bR R

1-2-1 Y avyav A "TyhlofreiofEEE

YayYa v N Lo=jnh il Bo R WEO R TREMY AL REL TS
25, REICERLER 7L — FEOVFHL EICEL &, BENER 2T 5, 2 DEFD %) T
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i DA O\ E) 2, JTER A B)ESE) (Forward locomotion) TH %, ZOfhoiEBj & L
T, BEGR ISR O BRI & ORI 5 2 b L7z & e 2 2 B2 A B E) (Backward
locomotion) . F (AR A G 2 b7z & & LA ARIAD BRI © 2 JEihiES) (Bending). H
F Db L < ITHRBUCIE U Cle Z 2 BEERD 5 st (Head casting) °#237 (Green et al., 1983;
Gomez-Marin et al., 2012; Okusawa et al., 2014) . i\ g & % 1 5 WIRIS 5 2 o iz &
Ticke Z 2R ~oadE (Rolling) (Hwang etal., 2007), SEfi~Z2X %Y Tz ¥R LI
22 2N (Hunch) 7 E3HIS T2 (REME. 2014),

AT Z D 5 BFFICHTES A BEE) & R A BREE) 2 2R e 52, 20
Mo 2320 “fMoEABEEE)IC BT 2 AR OGS &2 — v 2B Fio7-0ic,
ER T BIT NG N L TH 5, FitEE ABRES) L, SR OB T 5 Z &
X VEERIND, 77, RBEABEB) ., B A BREE) & 8o 77 [0 1 A 23 E I I
T TEBIND,

KFETH VB > a vy a v NG BT 5 Ko /51 B3 2 il HEE 2 #EE L <
B honitg L, Bl (Anterior-side). Ml (Posterior-side) & WFUr, T D% 5H ) il

(AP ) &PE3, ET/mNE, &l (Dorsal-side). HEMI (Ventral-side) &MEUR, Z D%

Hhgdh (DV §h) s, ANk, M (Left-side) . Al (Right-side) & FEUS, Z D
ZfA (LR ) &IPS, HEES iR IC B T h 2o ORIIERE 2[RRI
W5,

1-2-2 % o HikhE

S oo PR R LI, TS A & 2 IEERARERET (Ventral Nerve Cord: VNC. B HEEIY) O #
BiICH7-2) BXUOZORICHTIEST 5 B8 FHfEHET (Subesophageal Ganglion: SEZ) 7> H 1
E b (Figl-1A), HE)j= 2 — 1 v (T VNC NOEMFRSENICHEE L, NIST 2 ZFHio
AT L T (Hoangetal., 2001), i o AT IZEEM 2 & BHIIC 22 1F T T1-T3, Al-
A8 L ZHIANMEIC DO WTHE Y (Fig1-1B), ZNZ KIS T 2 ks i b [k IC T1-T3, Al-
A8 LIS (Fig1-1C), =¥, T I1IMWER (Thoracic). A IZAEH (Abdominal) Z#53, 3
gt cld, & DDPMERAHIIC = 2 — 1 ¥ 2357 300 7E7E L (Truman and Bate, 1988) .
ZD 5 b 35 EEE =2 —m v, RYPNME=2—n Y THDE, KRS E OB = 2
—u VI, i % {Si&H (Propagating wave) JRICHEEN T 2 & & ©, A BEENHFIR
3 % (Foxetal., 2006; Kohsaka et al., 2012) . filitE /#2184 A Bhi# Bl 13 i L spAX 8 % (Central
Nervous System: CNS) % L 72 REETH AR L., & HIC, CNS DA Z HiE L 72 REETH
A BREE)NCHTIG T % #FRIEE) (Fictive locomotion) 23#2Z %, Z D729, MG E) % %id
D CaZ A A=YV K VHE L 2 O #2853 % 2 L 23A[HETH % (Kohsaka et al.,
2012),

Yo VNC N TO =2 —w YOz ZRICICE S 5 2o i, MiluEEsEs 7
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Fasciclin2 (Fas2) DOFICHEED MM EEER X < Wb 5 (Landgraf et al., 2003; Santos et
al.,, 2007), Fas2 FMESlsR A I FARRETNIC B W CEAHFICES D © (Commissure) % & T
7%, Fig.1-2A @ X 51 T1-T3, Al-A8 Z 1L Z NoMRHHOEAOSHE L<ffix 5, &
7o Hi7p 2 AE CEHE T MICE 5 5 ROz, DM (DorsoMedial). DL (DorsoLateral), CI
(Centrolntermedial) . VM (VentroMedial), VL (VentroLateral) % &, Z 15 % Fig.1-2A,
ADXHICVNCHDLES - BEOMNEDSE LTHW2 Z A TE S,

1-2-3 DK

PauYa NIRRT, Hartenstein I X o TW( D 0fEIICHEINT WS

(Hartenstein etal., 2015), T 2L 5 fEI L Neuroglian D FIR & | IS O FEEm R & # 175 L
Hbeb e, Agfkans (Figl-2 B), SMMEBZHET 2720103, FTREH»IC
W & SR, B 2 ohfElicy T TE 2. S LIl W ERIE T 5. ATl EIC
FEICAIE § B Ventro-Medial Cerebrum (VMC) B3 3 & OX Ventrolateral Protocerebrum (VLP)
HIRICEH T %, VMC (3 SEZ o3 Sl RO b BHIFHTIcH b, 2o F 7 2kl
fNCHiEST 2 2 & OREIN S, £72 VLP 1 VMC X Y 5125 v | Opticlayer £ Y N
filick e hoFREIND,

1.3 Yavyavy A "zHhHoEF Y A —=a—1 Vv

1-3-1 YDk 4 7 E B Hl1H

t FEEOEHEHYCIZ) X Iy 2 N X — V3B ONTE= 2 —r v bk b CPG
THEBEIN, HE =2 —n VIUEDLELEZLNTW S, BRE=2 -0 Vv bDANITZED
HHEI N X — v PR T R E R R, £ BB X — v OEFAIR DG ¥ B L7 5 DI,
oD ANTH-720, BE=Z 2 -0 VLoD ANTH-720T3LEZLNTNS,
[FERICS a v a v " 2iidicsnTh | A0 o ORISR 2O A S & 21
B VNC ~Meb 0, TERERICEN S, 2o, HHICHIGT 2 VNC D & CITEHER
PITHbN B/ E . IMTOTENEIRS VNC KB RERH D EBHMLNT D
(Ohyama et al., 2015) (Fig.1-3A),

DL E IAD L DR ERR L OIS ED 2Bk BT =2 — v v 28, MCcofTd)
SR VNC ICiEb 2R CIr THtE= 2 —w v d, ZhZFE#d 52 Licke % (Figl-3
A,B),

vavYa Nz hoEHICEPS YA —=a—n vy OfffgE e LC, [HiE, HEED T
M % BT IEE =2 — 1 v 2 Z N ZNAE L 2% (Hwangetal., 2007; Ohyamaetal.,
2013) . ¥ a vy a v AR AR S ABREE DY) Y B2 A VNC NTiTbih b
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L HRNLWE (Bemietal, 2012), %7z, IUiEES) & JEiEE O Y] Y 2% 2 B %2 R L 72
%% (Jovanic et al., 2016) 7= &35 %,
¥/, v avYa v N G RREEGf#ElT 5 = 2 — v v (Okusawaetal., 2014) <,
EABETEE % HIH S5 =2 — 1 v (Kohsakaetal, 2014) A[FEE X LT 5,
FRCBIBITENC DWW TIER D 1-3-22 B XU 1-3-3 Tadih 3 5,

1-3-2 PHROBBITHNICED KR =2 — v

v a vy a v ALY OEBGEE) L, SEE A~ ORI, FEOLCRFN L E ~ 0
BICXVEHHECHEING, /2, FICEVHEA R WEETH RWHETH 2 23HFE
ICEEZ 2, 2D e b, A LRBRERBZRA L. I OICHERNEERZRLMZ. BiED
TEREIR S I b & E X b D, RIFFETIIFRIC, SHE A~ T RIS L OF O XY
HEINZHBEINICER T %, MERTIIET =2 -1 v, MD (Multidendritic) Class III
H X UMD Class IV IZ X - THAI X 415, MD Class 111 % gentle-touch % &K1 L (Kernanetal.,
1994; Tsubouchi et al., 2012; Yan et al., 2013), MD Class IV [ZHEMHR % &A 3% (Hwang et
al., 2007; Kim et al., 2012; Tracey et al.,, 2003) Z &2SHISNT W5, —J, HHiL, Bolwig
Organ &\ 9 FEERDHZREBDIZ, RO MDClass IV IEH =2 —n v THEAIE D &
NS T3, Bolwig Organ 13, HNEZEAT 20 F 75 (RhS) 2HHT 5 4
DDONZEMALE . FENEEAMT 20 F 7o v 6 (Rh6) 2FRIET 2 8 202 REMIAL
LI E NDERE TH 255, NREATENCEAR T 2 D1E RhS BTH 2 2 L ARBI LT
% (Sprecher et al., 2007; Sprecher and Desplan, 2008) . Rh5 1%, fii® Larval Optic Neuropil (LON)
EWVHTEIICEE L, T Fra ) v COEREGEL TR Z RGN TS (Keene et
al., 2011; Keene and Sprecher, 2012)

1-3-3 $HoBEBEN)IH—=ma—1 v

132 CREB L ZEFE =2 — v YO TRICECTEH BB N ) ' —=2—m v & LT, MDN,
Wave GEF T HiIfllO = 2 — 1@ v D &), Seta, Leta 72 LT NFE TG ST 5, BT,
EFNFRICOWCEERT 3,

Mooncrawler Descending Neuron (MDN) (. FdICf7F7E L. 7245 DRI R BRI 70 (iR 22t %
fRIEd & e bic, VNC @ A3 pfiE CTHTHEOHERZMIET=2—n v TH5 (Carreira-
Rosario et al., 2018), FitiCZIBRFICRFRVICHEE 3 2 BE M OFREH = = — 1 v Al8b
AHEZIH T 2 %32 pairl —=2—v VBHET b TEY, TNHL=a—8v Y
AL CREEB) R 2 iEHAL T 5 L & b I EEB R 2 I 35 LRI A Tw B,
MDN (5 A HI 2 #E TR Ic 7 2 £ Ot L. RO BBREABNEB) b 2 a2~V F
—a2—n v (Bidayeetal,2014) &7 %2 & dHIOLNT WD,
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Wave = =2 — 1 V|d, VNC OFEMFESEIC 2 T OFET 2 =2 —v v Th Y| B
fll & R il c 7 2178 2 57 3 5 (Takagietal,,2017), SEERHIZFT (A1-A4) @D Wave
Za—u VANEET 2 L RIBEAEEE ZER L. RBEMISE (AS-A8) © Wave = 2 —
o v EYEL T B L REE A BNER 2 R T 5, TEEHRHISET Al DO Wave =2 — 1 v iZD W
Tas7 b7 AKX 5 HEENREEEESEET 2 R 3N CB ), B TIiROMESIE X
Too Z OFER, 1. Wave = 2 — 1 VIIEHRZEIEZ SEZ 5 X O T1-T3 iR fio VM ff g ff
MICHIE L, % & CHE~ O il 2 B3 2 & = = — 1 ', MD Class Ill. MD class
IV OBEBEANEZ T2 L, 2 Wh#E% T1-T3 27fio DM HAHT I L #EIES) 0 E1fT
ICBED B ERAIIEERICHE T3 C E L o T D, Wave = 2 — B ¥ O ILE) AT
~OfEFEREIC X 2 %BEB OFEICE S 3 2 28, SHREEBIC X o T X 15 fREE)
ITIZBETIE RV, 2D DB 5, Wave IZEIR~ DO E R % iEEE ~> 7 1 F % /
—FELTHBET 2 L RES T w3,

Seta & Leta 3. Z OiEMHALBREEH ZFHET 2 =2 —v v LCHEEI N, FEAIC
L VFEINZHBTENCESG T2 2 EARBINTWE 2, 2o ki TR W T
b h o> Tz (Parketal, 2018),

FRHRTH 223, FTEIIREDRITIIEIC I W T, HEHIC X 2 %IBES) OFFE I
D% Bi-Cluster == — R Y 2N EE I NTWE (Kb, KKK, Lidd Wave =2 —m1 v D
LA LI, Bi-Cluster == — v VI3 EGIC X 2 %EBET) 0 FEICB S 4 2 25, HE~D
fil FRIC X 0 BEE I A 2 BB B IC IZ BTl Vv, SO XD BmBIEA L BHE~ O
e HFOHO TRICENZENIEDOKIE N Y H—RIESFET 2 2 E2RB I Tw 5,

1-4 AEFFEDO HHY

KU, BZ2, B, BRI N DITHIZIE 2 2 Dld, PHEREEE - KRR SR S
LHREROEE IS, R =2 — a0 v 2L DL ICANBEDL Y, &0 X 5 IT/THRER
BITOIL, ED X IGEENCO AR 200 %HO»ICT 5 2 Lk, R FOEE T —~
DUVEDTH D, TNETIC, MHEICH T 2 B THIOFEIRD O v ic BT 2 EHE R TE)
BIRT 02 R ICELELARL RV TE L OWFFEDR 72 T T & 72 (Takagi and Nose, 2019;
Krakauer and Ghez, 2000) , —#%IC AR R IC IR D =2 —a Y REFEE L, D7
T—2—2D=a—uVvZfELIRI 2L IINEHETH 2, 207D, HEDEREAT BEE
WP OHICED L HIICANL, ED X CHMNTHAE ST, & XS I TEHFERI N, &
DX ITHEENC D235 D E—D—DDMHFFEMIIED L VT 2 X 5 RiFgEiE.
e e s EOIEFIC/NEB R HRR 2 D DR S Ty 72 (Faumont et al., 2012),
vayYa v ATy, =2 — 1 VEHY 300 TH B & B L T, PRI 7t
FrFFO, 7. BHEEY) & FIRRICAREIGE 2 55 b . E 8RR 2 8) O B S E T 5,
ZHRE O = 2 — v vEUIH 12000 TH Y (Li et al, 2014), BFHEBWICILELT 5 & D 7w
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LIZvZSBOMIEE &L 0, Bk, ¥ a v Y a v ST RO PR ICE W T, AME
=2 —u U ER T 2 MRS & RAEIICIENT S 2 D IIARATRECTH o 72, LA LI, 24
NIV RBDOT Ty T — b a v a v Ssyidic ke cERg S, bR E R
DB B K 2 ICHH O I oD H % (Saalfeld et al., 2009), 7z, PO =2 —w v
R L 3% Gald R RMNCIER S, UAS Rft & RELE ¢ % 2 & T, FrEofiidc
FEEDBE TR T2 2 L AlHEL 7o T\ % (Pfeiffer et al., 2010),

Z ZCAWR TR, HE L S MR R O R T E D X 91T L CRIE OB p8E R &
NFETINZOE, YavdavAzyizHuCciiidr Loz c L 2HE Lz,
Fric, B 2R Z SR ST LT HEDEX) 7 4 DRACHEN - EEIOW#H L L D
R OHIENC RIS 2 TTHEMEAS & 2 Bt = 2 — a0 VICE H L TR 217 72,
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2 WisEFiE
2-1 EBRFHY —

2-1-1 ==2—wvvYDR—4,F4 v

Gald-UAS ¥ A F L

vayYaynNTIiEnTiE, BEFERCATLABKEL CEY, FFEo=a2—uv v %2
> TEEDOELETE2RIT 2 L AA[RETH 5 (Venkenetal,,2011), 722> TdH Gald-UAS
Z 7 2 (Brand and Perrimon, 1993) 3. >3 7Y a v A NTHEHEICER D H LN TWEE
BFHRIL AT LTH %, Gald [ZEERFICHK T 285G K7 CTH V. UAS (Upstream Activation
Sequence) & \»H DNA FFickEi&a 35 2 L CHrELRTORREFEST S, vavday
NI Tk, PRIF P 7 v &K Y v (Rubinand Spradling, 1982) % ¢C31 4 ¥ 7 7'L — X (Groth
etal,2004) 7z b 7 v AV ==y 7B iz FIA L <, FEOMILIC Gald % v 2 H %
RIEE 2 [Gald Zf] B XU, REFE L 72 0l R T % UAS B0 TiticiliE & 2 72
[UAS %#f] #8UEST 2 Z L AA[HETH B, ZO ZHARM S5 L, RO Dk
ICBWT, %E@M%@%E@Eﬁ%ﬁ%ﬁ?%ﬁ@zn

vavYav AT Tk, SROBETOIET /) LS OFIETIC Gald % FHT 2 R
(ﬁ?%h)#ﬁiéhfw5t@\ﬁ%éﬂfw FREEAF L, A LR — 2 —#R
F% THICHE L 72 UAS 2t L it b 5 2 & T, hiliE 0% < oMifaoiEd) % H
I - WETE 5,

KED AT —F b o — XEAGETTIE, BRA BFEBN X — V%2R T Gald R MEK
X (Pfeifferetal., 2010), keI R CTHFHHAX — v OMERE 74 77 Vb h T2 (Li
etal., 2014),

LexA YV AT A

AKWF7ECld, F—EEN T MoMiaiic z N nNEx 3 LR — % —CiRiGERE 7 1
— 7RI TCHEHBEEIT 572, TD=®IC Gald-UAS ¥ A7 L L [ARFICH 72 D 23, Gald-
UAS & 7 DB THIRY AT 4, LexA ¥ A7 4 (Lai and Lee, 2006) T®H %,

K LexA X v X7 BICIHEER 2 S O PG I dL. ZORGL v 7 EIL
LexA # =L — X [it4l (LexAop) ICHEA L TEF D FTHROBELTHINEZFETEX 2 X HIck D,
CDYATLITE T, FFEDHIMTIC LexA & v X7 EH 2B X8 3 [LexA 2] B L U,
RIAGFHFE X4 72 WE{E T % LexAop Bidl @ TIRICHLE & & 72 [LexAop #ift | % BE 3 g,
“ERMEREE ¢RI BT, MERERN BT AENHEETE 2,

DY AT LT Gald-UAS v A7 L L MO IGEIE R ZFECE 2729, [F—fEENIC
Gal4, UAS. LexA. LexAop ZNZNDEIETZEANT 5 T & T, Gald FEMALIC UAS T
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MOBIET % FBL X4, LexA FEMITIC LexAop FRDBIE T2 FKEE 3, twnwH T &
DA[REIC 7R %,

Gal80

Gal80 X, % oFIMILIC BT Gald DHEREZ T 2 BIRFAHIY — L TH B, ThIT X
. Gald DFRBUFEREA T L3 TE 2, il 213 tsh-Gal80 T, tsh FEIHIHFEI K1Y
I Gal80 23 & Ui IC B\ CTHIL L Gald 235 D T, Gald IKEIFEIEEE % 3212 VNC
WKIREXE 2 Z L2 TE S (Clyne and Miesenbock, 2008)

2-1-2 —a2—uvoutEi

WLV NIHE

TR NI F e RN EZT S EHNEHT 2RV ANIHETH S, KifFEClEng
MnCT=a—n O, (LEZH~T, HNX VNI EOFEX. AT v 7 F 7D ikt
)t £ v 2% 7 4 (Green Fluorescent Protein: GFP) % 3 BEfE # L 72 fiff ¢ (Shimomura et al., 1962)
ICX o THL IR Y, MEOHMIE~D GFP EA - #Bl (Chalfieetal., 1994) 2 {Thir7zo
Y)Y, A rEPE Cle ok s L CAKAIHEI NS X9 ICh o7z, T HICZE DR
GFP DB TN Z —HE T 5 2 & T, A RBERZHLNREZF > X S Ic Lzt x
VX IEPES N (Miyawakietal., 1997), Afiff%E Tld GFP @13 72> mCheery, mVenus,
B & v o328 (Yellow Fluorescent Protein: YFP) % FH\WT\ 3,

VFETVVERT IV

CFT PRIV F T RNNELICHEET AR E v ETH B, FREDOMMICE T
RSB EMAE LY F T P27 v R L, aifb+ % 2 & ClllER DA E %
ET DT ENTESL (Nicolai et al., 2010),

DenMark (Dendritic Marker)

DenMark (38R Z2#2 ICFE NI ICHEFE T 5 ICAMS / Telencephalin & AR AHI X v o8 78
mCherry DFli& £ v X 7 ECTdH 5, DenMark % FiE OMALICHEIR X &, nlffk 32 C & O
RERDONMEEHEEST S Z 23 TE 3% (Nicolaietal., 2010),

2-1-3 = a2—u v OiEEERE

FCEIEHEIC & B RSB THE
HEBEF L IE, FFEDWEDONZEZT 5 LG8 2 T0E T 72 13 WH 32 2 v o7 EH %
FED = o —v VHICEERTRR IS, MRGE 2 0 RET 2 FETH 5 (Yizhar et al.,
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2011), ATl =2 —v v OIEEIZ TS 272010, fiEH 27 7 I FEF 20IRMAHK
DIREZVERG A F+ v F % A CsChrimson %, iR L 7z Gal4-UAS > 27 L% W THE
Za—0 YPRICHIL X ¥ 72, CsChrimson 13 All-Trans-Retinal (ATR) DTELE [ ’C“j‘l:li’@ﬁ"l‘i@
F X AN EIE L, 633nm fFIEDN % BT S h 3 L E2 2L S e A 4 v %2 BRI IcE
L., —a—uvichintaz g & 3 (Klapoetke etal., 2014) (Fig2-2A), ¥ a2 v ¥ a v

LB WTIE, HEZEX v N7 ERRC LN 2 LI O REERZME X v 7B E T
PRI EEh I (Parisky etal., 2008) 23fTH T & 7225, JEHAGHTEEZA L X 0 & KeZEf o i
RED RV E DRI TH 5, CsChrimson D37, &b 3 2 HArfdfili o FiE ik, Fik
% — 7 IR WIS R % 3 O Channelrhodopsin-2 (ChR2) % F>7z (Nagel et al., 2003;
Kato et al., 2012; Berndt et al., 2011), ChR2 % CsChrimson [Flfk, ATR f77E I CD HHIEZ M
F v A EIE L, 488nm PEDETREEZ L L, =2 —w Viclintiz 5] 2 2 3,

JEEFIT X 5 RSB

—a—uvOiEEEIHT 501, ZWEA A viEERF >y A e KT v Th D
GmmukiUGmau%%wtoGmaui%@t%%@\&mmlﬁﬁé%%WT\%
NZ B L Eh 2 #1393 (Carreira-Rosario et al., 2018) . GtACR1 ¥ X O GtACR2 ¥ .
ATR fP1E T CTOBNEZIET v+ AN 2T T %,

2-1-4 = a—mu vojgahllE

Ca¥"A X =V v
Ca¥"f A=Y V7T C¥ DT 2 L EHAEPZNT E LR - X —2FED =2 —n Vi
B FFEEL & &, MR BN ICHIIE N ISR S 5 Ca¥ DIREZL ZHIES 2 2 & T, fiifE
EE LT 2 FiETh b, vavyavaazhiuc s nCid, Eifd Gal4-UAS v 2 7
L2 LexA VAT LEHOCTRED =2 —a VEHCH V> U LERZMESE & v X V- % F
Bz eicky, MO RRREEIAESREL 72 5, Ca¥' A A — ¥ v 7 I3ERE
FERHE ISR 2 L IR E LR D 2 D oD, ZEoMIdDEE) % FRRHICHE X 3
CLWCRERT PV T—=VUDHEET %,

WY Catt v — RO DN Y — 7 R 2 FFOoH0E Ca2t v 3 —GCaMP (Nakai et al.,
2001; Chen T-Wet al., 2013) D 132>, MREDHE L — 7 R A FFOHE Ca¥*+ v ¥ —RCaMP
(Akerboomeetal.,2012) ¥ X ' RGECO (Red fluorescent genetically-encoded Ca?* indicators for
optical imaging) (Zhao et al., 2011; Kohsaka et al., 2014) Z M\ 7z, TN b DX v X7 H L,
GFP ICANEY 2 ) Vv ZIRBAALTHEZ L THE D C A T TAHNLEY 2 Y VHTREL
b3 2z THAZ VAN VHOMENIZL THAD LR L, Z0% Ca ki 5 &
HMET T2 720, FRRFICPFIEE) % vl ik ©& 2 (Fig2-2B).
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2-1-5 7 u— VR

MCFO (MultiColor FlpOut)

— IR DFARMINE D A THERIIC, FOZL L7z v b — 7 X 2 V5, HA, FLAG %54 L7z A%
7T 4 %Y AX—GFP (smGFP) Z#IL X2, ffl 4 Dl z ottt 3 2 Fik, itz
I3 Cd % flippase (FLP) & . Z ORERIECH] (flippase recognition target : FRT) % T,
RMIIEAHIa Z 2358 L <, 2 u—>v%/E% (Nemetal, 2015),

FlpOut % 2 7= JG8I{RE

H¥a 2 R CH B flippase (FLP) &. % DIEAYECYI (flippase recognition target : FRT) %
>, Heatshock promoter D fllf#l T T FLP 23358 & 415 FiE (Fig2-3A), Thick v, #hz b
Z 7 & &I D B UAS-FRT-STOP-FRT-CsChrimson @ STOP =2 F v 284k4u. FEE M IC
CsChrimson % F681 L 7= #fifld 23 C & 2, AL TIE, 37.5-39.0CD A ¥ F 2 <X —XIC 0.5h-1h
DT T heatshock % 5-2 77,

2-2  ffEEHiid o RIRAL

2-2-1 gtk

S E v Y ayvy 7L — b kicHe Y (¢ 0.10mm, Stainless steel, Austerlitz Insect Pins) T
[E%E L. Phosphate Buffered Saline (PBS) & H CEMIEHHRICID o TYINH % AL THREE
N EF LRy CEE L, RERICR X2 XONEE Y vy P THID Ao 72,
4% TN LT AT e FEED PBS AR % H T 20-30 7 [E7E % 7 - 72212 PBS I T 30 4
Ped, 5% Y FIMiE % & PBT A (0.2% Triton X-100inPBS) T304 7By ¥ v 2 2D
B—XYiE & 5%Y FIIE PBT ISR 2 & L € 4CT—Hf&E L 7z, 2% PBT T
30 . RYUAR L 5% Y FIMIE PBT iAW CE#a L € 4°CC—MFhE L 7, PBT Tk
L7z PBS ICiE# L, HOEBIE 21T - 720

2-2-2  HUGCHEIE

2-2-1 D X 5 ICHEf L 7284 A & iR 2 HEE L 7o, HUEED FIHE L Cix, o il
AR R 2> O ARBE IOV C W 2 R R & YT L . mouthhook 25 O JEIMH A% 2> & AR R % v
vy b TH L, PBSAMREI N L7 MAS 2— & X7 4 FZ7 72 (89215, Matsunami
Glass) ® FICHE O T CREE L7, KEkF LT A7 (HAREK Lo T) TROE - 72
I, BERZEI(L T 5 2 L 23T & %3 Vecta Shield (Vector Laboratories) TE{, /15— 7
Z A (18x18mm, Thickness 0.13-0.17mm, Matsunami Glass) % 2> 7=, % Z I 8 ffi/K
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(MILLIPORE @ #fi7k 251 milliQ i< X W /ERK) 21 F L TH5¥K 60 1% D/KiZ L v X (LUMPlanFI,
NAO0.90, Olympus). 5% 100 f5D/KiZL X (LUMPIlanFI, NA1.00, Olympus) % FH\» 2% 7>,
H 5\ (3Hz3K 40 51~ X (UPlanSAPO, NA0.90 or NA0.95, Olympus) % v % 2> L T, L&
SEEMEE (FV1000, Olympus) ICHWTL —HF—HTRF ¥ v L7, BREDO R F v viTiE
FV1000 f/EDOE{RAF* ¥~V 7 b 7 = 7 (Olympus FLUOVIEW Ver.4.2) % F\>7z, Alexa488
IZ Ar L — % — (J%F 488nm) T, Cy3. Alexa555 I~V ¥ L4+ v L —%F — (JE 543nm)
TENZ L 72,

2-2-3  FuwHik
F v 7= Hifk % DU T icgd 3,

— R

rabbit anti-GFP (Af2020, Frontier Institute; 1:1000)

mouse anti-GFP (G6539, Sigma; 1:1000)

guinea pig anti-GFP (Af1180, Frontier Institute; 1:1000)

rabbit anti-dsRED (632496, TaKaRa; 1:500)

rabbit anti-HA (C29F4, Cell Signaling Technology; 1:1000)

mouse anti-V5 (R960-25, Invitrogen; 1:500)

rat anti-FLAG (NBP1-06712, NOVUS; 1:150)

mouse anti-Fas2 (1D4, Hybridoma Bank (University of lowa); 1:10)
mouse anti-neuroglian (BP104, DSHB; 1:50)

rabbit anti-GABA (A2052, Sigma; 1:500)

rabbit anti-vGluT (Gift from Hermann Aberle; 1:1000)

mouse anti-ChAT (4B1, Hybridoma Bank (University of lowa); 1:50)

ZRAUE

goat Alexa Fluor 488-conjugated anti-rabbit IgG (A-11034, Invitrogen Molecular Probes; 1:300)
goat Alexa Fluor Cy3-conjugated anti-rabbit IgG (A-10520, Invitrogen Molecular Probes; 1:300)
goat Alexa Fluor 488-conjugated anti-mouse IgG (A-11001, Invitrogen Molecular Probes; 1:300)
goat Alexa Fluor 555-conjugated anti-mouse IgG (A-21424, Invitrogen Molecular Probes; 1:300)
goat Alexa Fluor Cy5-conjugated anti-mouse IgG (A-10524, Invitrogen Molecular Probes; 1:300)
goat Alexa Fluor 633-conjugated anti-rat IgG (A-21094, Invitrogen Molecular Probes; 1:200)

goat Alexa Fluor 488-conjugated anti-guinea pig IgG (A-11073, Invitrogen Molecular Probes; 1:300)
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2-3 ATEIFEER

2-3-1 {TEIEBREKROEY F T v 7

I 2 — v I AR CEE L2 MR R oA TV ANRKEL S 2, Eilf 25+1C
DEMETFTTEC. 2z 4 — R b _— R+ (MR % R R O HMOKICEE S E725 D)
BESORY) VIV 2a—AANVERTL =D LB LT A IFAAVETEN L2 HE 25C
DAVFHFaXR=ZTHT, Bok 3R EFERICH Nz, 4 =R M T ATR2ZMM 25T D
DE, BLETEVWLDOEZENZE NV,

gy ey by 77y 7L, EERICH W 2 RNCEMIK TE S PRy EiR 25+1°C
DEUT T RIEFRTHZ ) VIV 2 —RAANERTL— D FIcBL, 20 Lxisbe
TEBREIT-> 72, W IZFERBEMEE (SZX16,Olympus) & CCD # A 7 (XCD-V60, SONY)
IZX > TiT2 77,

2322 GBI COIFFEE{TE) I

23-1 X9y FTy LRI L, RN EZITW. Z DFEOITEIOZ M 2 R L
oo FEBRITWEEE 0.1pW/mm? LA T D BEEAEL CFTv >, CsChrimson % FEBL L 7= A& 1% L Tl
R, GtACR1 Z 68 L 7= AR IR LTIk, GIACR2 % 3 L 7z {810 L <z
AR BRE U 72, JREEIRENC X LED J6IR (~0.25mW/mm?2, 660nm, Thorlabs) . 7 ¢ B &t
ICIEKER 7 v 7R (U-HGLGPS, Olympus) 3 X N#H K7 4 v X —  (~0.85mW/mm?, 460-
495nm) | FRESCIRGFNT IIKER 7 v 7R E X HN 7 4 v £ — (~0.70mW/mm?2, 530-550nm)
RO, HIRFOBRICIIFEI T 4 v 2 —%FFAL 72,

S IR, HIHREERTL —F BICHE L TAh L 15U ERAE L, i ABE &%
ELTITORBIC R 572 2 L 2R L 728210, 30 PRETT - 720 Z LIRS 30 oo %)k
D HIES ABREB) I, iR ABREB . EiEB RS EE L 7z, B, LIS O
BCTORERTL — + OIREZEIZL0.5CLLUT T, SR OfTENCHEENH 213 8K & WiEEE
72 L 2R L T2, 2 RBERTL — it o 7Y 2<8rkhr o7 b,
FL—FOMETUMY BENCLE 2720 LA, ZORIZERENRL LRI 72,

233 BEE~D v v X Ak

ST A RBICRIBEAENEE Z1T5 T L3 HE Y o\, £ 2 CARUFFE T, TRl Ic R
FAENEEZ L SR 200D TEE LT, R o7zH e Y (¢0.10mm, Stainless steel,
Austerlitz Insect Pins) TEHDUEIR % L Z & %7072, SHRIFTEI 220N 5 &, HBITIC
B 2 72 DI IRBEABEE) 21T,

23



23- 1D X5y b7y FLHHIC j‘ . HHEfTE %2 1S BU Ex w25k, Efz Ry
YVTENTz, Y Y TRz 3HLNICERBRET AR Z o720 &BE Y v b 25 TR
NWIEBERZLEI TV LT,

2-4 HEERAXMHEE R ~D Ca2' 4 X — v 7B L VR
THEN A
2-4-1 Ca*'"A A= v/

=linghiz vy ay 7L — 1+ kiclie v CEE L. TES Buffer (TES 5 mM, NaCl 135 mM,
KC1 5 mM, MgCl 4 mM, CaCl 2 mM, sucrose 36 mM, pH = 7.15) H CHHEIEFLRICIH > T
Hxz AN CiREEZ AN LRy v CEE L, PRz B1EEL 72, HEfoFIHE L
Tid. SO AR pRER % 2> & AREE I U8 C W 2 3RS 2 YIIHT L . mouthhook 25 o JE I AH#R
bR RE Yy T L, TESBuffer % F L7z MAS 2 —bff&E X 74 F 72
7 AD FIClE ) 0 CREVE L 72, o i i3 E SBEER (FV1000, Olympus ® L < i
Axioskop 2 FS, Zeiss) %7z,

2 M I RS e MRS B E 21T 5 720, CCD A A Z ¢ KL TX YV ma v b 7 X b
R ZA S5 EMCCD /7 £ 7 (iXon3, Andor Technology) # F\272, Xe 7 v 7 (X-
Cite, Opto Science) & %\ L —H# —3 (CSU-LS2WP, Zeiss) % HAX R R A I HEGT L |
Z DJfEEIC & T GCaMP (¥ 7213 RGECO) #3FE3 % #it.% EMCCD # X 7 TR L 72,
D R 2 IR 2 & ICUNRZER D B DT, CIBSERE (L@ HHAT L 72, RIS
FEWNTITV, 10fps T 800 7 L — AL EEE L 72,

H{RALELIC | EMCCD 77 A Z Andor iXon fi1/@ OW{&f#NT Y 7 + 7 =7 (Andor iQ 1.10.3)
Rz, T CTIEK =2 — 1 VITROI 2B\, #REEZLlLE 77 7L 72, 72, Ca®*
ARX=V v 7Ok, EHER-vw=2—0 Y28 Gald Bk L FRIc, —EfoiiH)= 2 —
o v Z [t L3 % eve[RRa-F]-Gal4 (Fujiokaetal.,2003) ZH\ 7z, chick b, EH= 2 —
oy EDEHOMEBEEZBIZE L, Ly XITid 10 f57KkER 1L v X (Achroplan, NA0.25, Zeiss) .
20 f5KfE L v X (XLUMPLFLN, NA1.0, Olympus) % F\>7z,

2-4-2 777 AEEME MR E Cat 4 A = v 7 o [ElRHE

2-44-1 kD2 Yy b Ty T Db L, Ca¥' 4 A=YV T RTOAENE L, H T AEME VT,
—HDEF = 2 — v v OIGENTFUEZAT o 72, SO R R & RBEZ BT 2 RIE A
FICH L ERE5-8um DT 7 A=y b %Z{fi L, electronic stimulator (SEN-3301, Nihon Kohden)
THERK L 729 2t (Square pulses, interval: 10 ms, duration: Sms) %, 7 7 F F & % i#
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L C 10 BRIFEL 72,

2-4-3 SLEEF 272 R HREBGE & Ca® A £ — ¥ v 7 O[FRIKE ]

2-4-1 Ay b T v 7TDH & Ca¥f XA =2 v 7 %{T\W7r D3 5 Channelrhodopsin-2 (ChR2)
REXEEHHICHL, LA T—HDEE = 2 — o v OIEEITER T 72,
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