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Graduate Course: Developmental Brain Science (DBS)
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< B2subunit: 10 nnr

S ! g - = y2subunit: 5nm
e - HHIES TR

(GABA)

/ ;._ -« BEHSF TR

2017 AE~BUE (2022 4E5 H) D ELWIFEER

ERBRTEBHEDRD D, ZHNICELT IR EREY R ED
a7 7o —F 2 MAGbEs I LT, AWK O LR
AT 5, SHICZH) LTRICANIZIEMEHIKE S & 12,
FEEDOHFE Y A T 5055 S N5 AR MR B O W BRI & 1R
FOLICEBR L 72WEEZTWwh,

NR—F VY UHEOERE L F—R3 vy oa—u i, &)
B2 TR L WA g L2 b e & EkIN AR
by hbu— L LTWw3, &, B, B, HHLL, 5
W % BERDFEEINGEE L H VR HEEEL T 2 DA MO RE
BIRTH Y, KIFIZZLTH T THREICZORITHEY 720,

RERNEIORFAERHF 21 —0Y

Axonal Arborization

Widespread 2mm

Terminal Field Soma in Rostral Edge

Dendrites
¥
4 é}'"-!;
I | 200 ym

1) Ogata K, Kadono F, Hirai Y, Inoue K, Takada M, Karube F, Fujivama F. Conservation of the direct and indirect pathways dichotomy in mouse
caudal striatum with uneven distribution of dopamine receptor D1- and D2-expressing neurons. Frontiers in Neuroanatomy, 1-22, 2022
2) Karube, F. Takahashi, S, Kobayashi, K., and Fujiyama, F. Motor cortex can directly drive the globus pallidus neurons in a projection neuron type-

dependent manner in the rat. eLife 8: 49511, 2019

3) Unzai T, Kuramoto E, Kaneko T, Fujiyvama F. Quantitative analyses of the projection of individual neurons from the midline thalamic nuclei to the
striosome and matrix compartments of the rat striatum. Cerebral Cortex 27(2), 1164-1181. 2017.

4) Oh Y-M, Karube F, Takahashi S, Kobayashi K, Takada M, Uchigashima M, Watanabe M, Nishizawa K, Kobayashi K, Fujivama F. Using a novel PV-
Cre rat model to characterize pallidonigral cells and their terminations. Brain Struct. Funct. 222, 2359-2378, 2017.
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& B 1991%F 378 IXEFBEFRZEXE

... 2005%10A @
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................... 2017 % 1A Houston Methodist Research Institute

........................................... (Houston, TX USA) Visiting Scientist/

SO 12 SO
20204 1295 IR

[thi2EREBDRIRZHE L T]

(ARDOER

:itj(ffﬂ]f"lj\]ﬂ“@ 3. iR RO wREHKBE LT W*%‘?b‘%%‘é
O, BFITRICTA0%E] & [ CHIETHA L BRIl L
eWFgE] RERML T E 3. BRMRS L IR ERFEZIIZED
gl L, Z2RMEMIEL VA MY —Hf5E (Matsushima M and
Yabe I et al. BMJ Open 2021). #RE/NHETHE 1 B & 2 710#
FFEWIZE (AMED 4l 3 4R 2GR B L FE ), 23—
F 2V VIR BT 2 BUR SR T OFE (Yabe I et al. Sci
Rep 2018). $fL32 AAE 1k /IN B 2 58 58l 2 5 AE 0 391 3 3% I AR Il o2
(Yaguchi H and Yabe I et al. ] Neurol 2014). #r#liGH~—H—
37 % HIg L 72 R A 7 — )V O Bi%E (Shirai S and Yabe I et al.
Cerebellum 2019) B (AD 2 HV 7208 S8 o> 3 RE SR AT
(Eguchi K and Yabe I et al. Parkinsonism Relat Disord 2021).
25 M 9 B2 B 1T % microRNA K& (Takahashi T and Yabe I
et al. Mol Brain 2015, Uwatoko H and Yabe I et al. Mol Brain
2019) %R EZWAI DB EZToTVE T, TO—HEMAL
3,

[\—F VY VERECBIF D REEEIGFELTBSNIBEFOEE]
SHEAT VA% B R (progressive supranuclear palsy : PSP)
= F Y Z AN EBAGEE ERJERE T2 85—=F 2V Vi
BRI NS REMEETT, UHETIE, PSP KRB % 0

12

- N
R ESIRAT & 42 BREL/— %Y Y RREI FRCT
T — LN FRESETRER L ZOREICHST S REFORE
ff?‘/\ *ﬂiﬁ;‘% ﬂ:r’% aasl bassoon 1!1‘5-':'-0)3{‘[‘.
Boos REFHI-FTS : S‘
53§ 5 BSN ¥ - ?'5»‘2"32’: 0.
- miEa s ib::—t R I
IRTAEBRT  upaoaon o WIE Hemeeeen
i g LM £ . _G s BED10%
5 BSNBAZF % wwger s M e
FAZ LY & oS R ST

N MEENNE SRR T
-}: BEFHES B = RIUCFRED - oz

FERLEL SORARDER -

(Yabe I, et al. Sci
Rep 2018), TN #xum#he LT, BSN ¥ > /327 &% BSN #{n¥
EEBWRALIE, N F VN URR BEEAA-F Y ViR ED
HEGMRERE L OB ESEFEHR S THE ST E T, Bl
TEbivbiud, E7 NV~ AT, Mk % v 72282k
T, BERARICEBIT S BSN ¥ 37 BillE% 2T T Ed,
[RENTEM M EEN R RE O RRR N ARE]

I 2T PR R 3 2 FLARE DU O [0 28 23 HE A O o0 2
BERBOMZIIRBIIZIER L TWE T, BEETIE, EN
TEME/ MR R B L RE IS B W Y 3 7 B3 A8 E T
REEZITV, R THDO T Sez6l2 Pk ZHE LML E L7
(Yaguchi H and Yabe I et al. ] Neurol 2014), Z®Dfk. #7ME
B H AR TR FUAR B 151
JEINFE A% S NG EEEO
HHEPREEINBEIZEST
Wi, HEEbhvbitk, H
Pko 2 5 7% 2 RRER T % B
W95 & & HBIZHIZE & MK
BLTVET,

2017 SE~BUE (2022 45 H) D EAWIFEER

1) Eguchi K, Yabe I, et al. (2021) Chronic deep brain stimulation reduces
cortical f-y phase amplitude-coupling in patients with Parkinson’s
disease. Parkinsonism Relat Disord. 89: 146-150.

2) Yabe I, et al. (2018) Mutations in bassoon in individuals with familial
and sporadic progressive supranuclear palsy-like syndrome. Sci Rep.
8(1): 819.

3) Yaguchi H, Yabe I, et al. (2017) Sez612 regulates phosphorylation of ADD
and neuritogenesis. Biochem Biophys Res Commaun. 494(1-2): 234-241.
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BAEE S 7 IR B OUE I b 2 AN R T CTH
0. RO % BB DR S 7V 7 I VBRI A
N#ZFTD, FFRHII DY F 7 ZMEEDRE (3 F 7 AEE)
ARG R AR IC X > TR EC B2 e ML TR, &
Aol [V FTR] R [T+ TR ] ASEYICEE ST
LMD B W TEHETHLHLEZONTND, Th
FTOWMIEICLY), ¥ F T AMEIIHA LR BER TR SN 5T Eh
o TEY, T F T AMRERHIA AV F X ANVB TN I
W27k (AMPA 238K, NMDA Z54K) O 3 F 7 ABi#E
PORMENL VY I VBOR, THRFLaY) ikl Ead 5
RIZ R X BAREE AR & F DREN LB TH D, BT 41X
B2 BRI R A JREEE D> F T ARNAFAET by A F ¥ F x4
WIS 3 VB2 RRO S ELEOE IS YT Z ol
KL ZOWRIH DT AN A LDEHZHIEL TV b,

BAKRRYIZIZ, i sitw hybridization #2102 & % mRNA O35 A f#AT.

FRROPUR L LB T — =B 2 VW - S A g, /o
BB W2 R BIIC L 5V F 7 ALV TOSH I R
Wi 7e & OARH 2 T2 W20 FRIEENT 247> T b, £
Ton RIADRYEAT A AERE ATy F 75 0 FHEIZLDER
A BRI 2 S B TATV, FEBRD 3 7 RREREE R b 17 -
TWwh, TNFE TITREMZARRE R G, N, AR
F) BT, BAAKGEEA IV 7 2F- X AN F T AR DA F
YFX AN VY I U (AMPA 27k, NMDA Z%:4K)
% EOAAERRAS A DR - BERRIIAKAA I 2 Hl %2 27 T b 2
LR, ZOWRBNERZVIS ML TEZ, 5HRIEZD L) ZREH
WETHEICT 20 F /3= M —DRER, 7 FTALXVTO
FLECH 2 S TTIZE 2 47> T o

o B Et -__ma-z
TN LT ADAMPAREE Rl
5 + 1

AWa

GluRE2-KO

i a

1 NS FEOY FTRBECIFEENSS : GIuR § 2 [FZDHFFICHE

/
FVBE,;WHN \\1 | ' T
LA v 5‘“32
PVERIEHERY A FraesrTA)

?-E( }=

Yamasaki et al, 2016

[from CA3)

2185 CAl g0y F T AE I F Mk ENTEERE~#lY J1=y b
TARP DOEWS T HHE

2017 A ~BUHE (2022 4E 5 ) D HWFZESER

1) Yamasaki M, Aiba A, Kano M, Watanabe M. mGluR1 signaling in
cerebellar Purkinje cells: Subcellular organization and involvement in
cerebellar function and disease. Neuropharmacology. 194: 108629. 2021

2) Miyazaki T, Yamasaki M, Tanaka KF, Watanabe M.
Compartmentalized Input-Output Organization of Lugaro Cells in the
Cerebellar Cortex. Neuroscience, S0306-4522(20)30322-5, 2020

3) Yamasaki M, Takeuchi T. Locus Coeruleus and Dopamine-Dependent
Memory Consolidation. Neural Plast. 8602690. 2017
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(FR- 5D -EU -BRREZHEHIT SO M=

NER LDSERICT AR LIS D BRABEZNEZONLD, BERTT
OAERFZ, EORBRUONLT, HAIEATERVIREE V) DIFEN L) RTHEM
TIBVEA Y, KEAOFEREHEEEL G2 2INOOMEE) () - RAEREOR
WANZA DRSS BT LT RERRED SORHE A ST BT EVROIEDHNO
10Thb, FROREFFEALREDRARETHLLLFEZLOT, ZOHMIFHE
BoRHEZ RN LT 22 TUH Y, ROBFIBOEZBFMIEITWA, §9)
1 20BN, ZECORNFEIE RIBL, 52 SN AW ER M E OO RRREREEE N
TIETHL, ZOAMEEITHIE S0, BATLA LR THHZ LICERLTWA
L9 CORMZEMICEWRZ 2L T 2L, [BURAIIERO B % Bk RS
A bwyzbichs (RAEMMER] L7 7 USROS CROD), ZOREBK:
RFLOFENZRAGETEDPEI M, EYOIETHELERHUEA21E LY
SERICR B, LW BRI LT D, RO ANE ER T A72002, R
DEa b= ARESRIER L TE, £ b=V AERA BRLO &9 B R ADERITIEHN
(R .2 BESE) - SRR L COAZ EN L DMEDNSRBENTWE—H T,
ZOFEM AR 0 TORVRSE TH D, TIREEDIUTHED AT, —fEIA
A=Y EINTWL O b2 OFEIL ERORENIDTHEN TV AT LD 5820 T Do

FE AR 2 R L Ce MSAMET 2L WA B D, RIAOBEILE,
BERIFLEIE TV (7 R) ZHHLTWA, SRR EET 512130 b=k
REEE - BRT A EDPNELE LD, FOEEIDEEES: (optogenetics), CRISPR/
Casd 2857 ) Miie%, BEZZANV YT A A=V T RFL T b, BAEIET AH
MWSHEEIZHRII L BEAAET B2 0 b2 VO ) b, LY b= iR L OfiE):
ARG T A0, 2HAREFTRHEL TS (5 13 3M), b A
DI, EEEFE ACTROI, EAEmE W) o b= i 2R Ch 2,
HBEFEHVLI LT, FEEROGE I LZRCOA, o= RO HIZE 2
AZENMED, THTHEOWDYDAL vF% ON / OFF 5 &) % EE TN
BB BECED, JOMERIHAT A0 b=V ROWEE 2 Ll (Z9 e BT LA
EhE, ITAINEREE 1O L) BATHERT (K1), ZIUd—HINA 2=V Sh

closed arm
(B0 HERETIHH)

REAi@sceo b=
HEFDELASED

open arm
(BoEmN
EIRIEIRFR)

1 B TFRIEHERIC &L BV U ADTZEHT
RO AIFBEDIEW open arm (AR ZERE U D EBEMDEH D closed arm [CHIFHAD
EHEAISNT WD ABEGERICKO T, ERREEZOTO M @REE T LR
BdE. VORFEDHDLLE closed arm [CKIFRAATRE. DED. ERHEER
#DtO ~Z VIR EARZTTES B TS EEZ B5ND.
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~ HREEE DRFER]

TV b=y OREERBEOFKETHAD, L0 b=V ARERIAET ARORIERE L
TSR TR L~ T 200 TH 2,

0 b= RO BT AR OV TR L T b, IS, L ORfE T
DRFEEENE AV YT DA A=Y 0 T TRET 5 LIZHEBAE ST, Lu b= g0

LI BBRERTOA A=V ZIZEHEN ) 19 ThD (M2), BURRZ ORFEZ 5~
CRATHRAL Tde

DL EORIAMEEI AR LA O R PR 2 0 S0
TRV M)Zyo WL LD T OFOREI
ATOLZFIURE D),

HEPNTOBOT, B
BkOB A I F ORI

2 0 = VHEREID NIV Y D LA AX—TI VT (KRB
ALY D LNEEZEICIGUTED b= RN @ ZEH T 2 K D IOELFRIE
& UTe N D ADBAICL Y RTEBDAN TEARLZHET D, I THRLTLD
DIFEEBI T, AERICREIND LD (O M= V#RAROEBAFEREI DN
HBZEHLCDMBIFFEATNTC, EAZIEZEBHRE CEED Dfce MRIFHTHERD
BORL., #OEL. BDEL - THD.

2017 AE~BIE (2022 455 H) D ELWFZEHEH

1) Ohmura Y, Iwami K, Chowdhury S, Sasamori H, Sugiura C,
Bouchekioua Y, Nishitani N, Yamanaka A, Yoshioka M. Disruption of
model-based decision making by silencing of serotonin neurons in the
dorsal raphe nucleus. Current Biology, in press.

2) Ohmura Y, Tsutsui-Kimura I, Sasamori H, Nebuka M, Nishitani N,
Tanaka KF, Yamanaka A, Yoshioka M. Different roles of distinct
serotonergic pathways in anxiety-like behavior, antidepressant-like,
and anti-impulsive effects. Neuropharmacology, 167: 107703, 2020.

3) Nishitani N, Ohmura Y, Nagayasu K, Shibui N, Kaneko S, Ohashi A,
Yoshida T, Yamanaka A, Yoshioka M. CRISPR/Cas9-mediated in vivo
gene editing reveals that neuronal 5-HT1A receptors in the dorsal
raphe nucleus contribute to body temperature regulation in mice.
Brain Research, 1719: 243-252, 2019.
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ST AR O ATE L ARSI > THOTEE L RETH
%o Bxld, L MEHFBORBEMET NV E LT, IWEHY ¥ I N-F
DM B % T ENERTEE TR LTV, L hOSHEEE
WO Y B ORICIE, AT B BT ) S
AR T HRA BB L > TR LTV, £ BRSSO
BT, RIS - SRETREIL AT ORANEAS 5 = & 25, 4N
SIS TETOS, BV [FEHT] Eu ) HREEIH,
R TBEIN G T LA BT b BEAEIRA boL £, R
BN L Y BB S N2 E TR OBRN R FEI BT LT A 20
Wika b L, BAEEOBRNHEC D2 BETHEN S L, 7
ORI EBRI AT 2 2 L A BHEED TV 5,

FIATB T 1251 25752 - OB, Kikfts — 2 =¥ %,
VYTV R VRBRNT, in-situ hybridization #:% I\ 22 NN E S T3
BURNE. 4V ARBLRE FI RIS 51 5 G T R B2 I 2 7
DIMELOMF S0 T 0B, SNLOFEFHA LT, KA
P RNRHE TS UEE), Z0BBATS 75T A O B RE L 21
B B TR A L~V CHREET 5 2k # BEEE LT D,

Hatch

Sensdry Leaming phase
———— W
Start (Day 20-15) Close f—DayGSI,}
Sensorimotor Learning phase
)

mosansmsnnn
Crystaliization (~Day 90)

Start (Day30-35)

awﬁ v
L " ¥ ﬁuﬂc a'eni g v

crystallized song

Aduit

(father) | | | § beaee

VYIIN—ROBEZY - 2UERY FEINEHUZLBITOIRE
FEHE (sensory learning phase 5®) EEHSHEEBEZZ1TL). B
BT 4— R\ IICK>THED /(Y —2EFTR LTV REES)FEH
(sensorimotor learning phase #&&) M 2 DDEBF AT v TZED,

INETIE, FRITEVHTENHLCTH, ZhETCORFRBEOE
RRIBIC &) BBFERPSEAT 2/ TF RS T 2L 2SI
T&7z, ABMEFTE O, BRI IR % 21 2 B in T
A WIFEFFE AR R FHEE S O AL XV TOTHEBIA O
A D 2 DRI WTHL I TR #ED TV 5,

7ol Tl REEEBITEEACDOEA G T A = X L% B 720
B2 BRAEHO Y v 7N = R 0728828 177 o T Ao

Eal 1]

RETHER &

47T ne | 397 nec

THERZ RA LB D, RETHRREB/ICIKEF UCERFRE | FBRAMP
[CHREREZHEEUCEBERZRREICKESED . ERYREELIUcmiR
EHRENTECTRRENFESNS (A&= Arc mMRNA 18).

2017 SE~BUE (2022 4E 5 H) DELRWF7EER
1) Hayase S, Shao C, Kobayashi M, Mori C, Liu WC, Wada K. Seasonal regulation of
singing-driven gene expression associated with song plasticity in the canary, an
open-ended vocal learner. Molecular Brain 14: 160. 2021
2) James LS, Mori C, Wada K, Sakata JT. Phylogeny and mechanisms of shared
hierarchical patterns in birdsong. Current Biology 31:1-13. 2021
3) Wang H, Sawai A, Toji N, Sugioka R, Shibata Y, Suzuki Y, Ji Y, Hayase S, Akama
S, Sese J, Wada K. Transcriptional regulatory divergence underpinning species-
specific learned vocalization in songbirds. PLoS Biology 17: e3000476. 2019
Sanchez-Valpuesta M, Suzuki Y, Shibata Y, Toji N, Ji Y, Afrin N, Asogwa CN,
Kojima I, Mizuguchi D, Kojima S, Okanoya K, Okado H, Kobayashi K, Wada K.
Corticobasal ganglia projecting neurons are required for juvenile vocal learning
but not for adult vocal plasticity in songbirds. PNAS 116: 22833-22843. 2019
Asogwa NC, Mori C, Sanchez-Valpuesta M, Hayase S, Wada K. Inter- and intra-
specific differences in muscarinic acetylcholine receptor expression in the neural
pathways for vocal learning in songbirds. Journal of Comparative Neurology
526: 2856-2869. 2018
Hayase S, Wang H, Ohgushi E, Kobayashi M, Mori C, Horita H, Mineta K, Liu WC,
Wada K. Vocal practice regulates singing activity-dependent genes underlying
age-independent vocal learning in songbirds. PLoS Biology 16: ¢e2006537. 2018
Hayase S, Wada K. Singing activity-driven Arc expression associated with vocal
acoustic plasticity in juvenile songbird. Furopean Journal of Neuroscience 48:
1728-1742. 2018

=

S

>

3

15




AREREFHRFR - HEFHAAE - HiR

................... a2 A R

................... o A% FEAFATRREIHANBUNSESY

................... o SF mEAEMI ®PME
TR 17 F UBEATEEMRRRE

(i@ IC K DA RIGENERLHERS]

MAIZE D [T LA RZZEE ] & 72D 2 ke~
EERPEDLEEITH Y, BEELERE L TOMADEBR
FZE o THRWICHETH D, LALBD S, HADPRMMEF
g B BIESNE T A X DG SR SN DA%, B,
Moo, Wiz EOAPIEENIX, EFEOE (QOL) &3 L K
TEEHZT TR, BMERED L VIR EOT S &L D
0. Tl ZOX) REMIREIAZ S HITELS D L
W) EEREDELSE D, O X BIHAOEEIYMITE I
T HMRIERIZHICOWTZEDP ) TH S,

ST T B SRR s 2 R B e & O AT B SR B A
WFE 47054 7) v AR EOMBAL AT, R

7 EOMBAL A FHEIT &
0\ A & B AP B A R
(B B PR TS E AR 12
DWT, FFIC, RbtktkE 2o
B T H B 5 LRI
% H TR IT> T\ b,
AR L AV ARZ IS BT B
TNV I YRR E RIS ED
AT K B AN B AR RS
TRREE L TwE Ik,
PRIV ETH L EL L L

16

WZOTIVE I VEERMEEZ IR T2 LI D AICE S
PGB ER 2 P85 5 2 2 W SN Lz REEHICE
JB 20T RUF ) AR RmETES. BT FLVF) v
BR-TTF=NVEY 7 I—E-7TusrA ¥ —€ ARONENE
LEA LT WAL DANEEERICES L TnbZ & a2
52 L7: (FED.

{Hﬁ%ﬁ&

JIVFELFY
S (R

B7ELFY
REEEEL

-

2017 SE~BUE (202245 ) D ELRWEFEER

1) Yamauchi, N., Takahashi, D., Sugimura, Y. K., Kato, F., Amano, T.,
Minami, M.
Activation of the neural pathway from the dorsolateral bed nucleus
of the stria terminalis to the central amygdala induces anxiety-like
behaviors.
Eur. J. Neurosci,, 48: 3052-3061, 2018.

2) Maruyama, C., Deyama, S, Nagano, Y., Ide, S, Kaneda, K., Yoshioka, M.,
Minami, M.
Suppressive effects of morphine injected into the ventral bed nucleus
of the stria terminalis on the affective, but not sensory, component of
pain in rats.
Eur. J. Neurosci., 47: 40-47, 2018.

3) Deyama, S, Sugano, Y., Mori, S, Amano, T., Yoshioka, M., Kaneda, K.,
Minami, M.
Activation of the NMDA receptor-neuronal nitric oxide synthase
pathway within the ventral bed nucleus of the stria terminalis
mediates the negative affective component of pain.
Neuropharmacology, 118: 59-68, 2017.
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2017 AE~BUE (2022 4:5 H) D ELRWFZEHEHR

1) Miyazaki T, Morimoto-Tomita M, Berthoux C, Konno K, Noam
Y, Yamasaki T, Verhage M, Castillo PE, Watanabe M, Tomita S.
Excitatory and inhibitory receptors utilize distinct post- and trans-
synaptic mechanisms in vivo. Elife. 2021 Oct 18; 10: €59613. doi:
10.7554/¢eLife.59613. PMID: 34658339

2) Miyazaki T, Yamasaki M, Tanaka KF, Watanabe M. Compartmentalized
Input-Output Organization of Lugaro Cells in the Cerebellar Cortex.
Neuroscience. 2021 May 10; 462: 89-105. doi: 10.1016/j.neuroscience.2020.05.026.
Epub 2020 May 26. PMID: 32470477

3) Miyazaki T, Yamasaki M, Hashimoto K, Kohda K, Yuzaki M,
Shimamoto K, Tanaka K, Kano M, Watanabe M. Glutamate transporter
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other-age faces. Front. Psychol., 13, 822234, 2022.
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3) Yoshida K, Takeda K, Kasai T, Makinae S, Murakami Y, Hasegawa A,
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Affect. Neurosci., 15(2), 215-224, 2020.
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deficits after traumatic brain injury. NeuroRehabilitation, 43(2), 183-193,
2018.
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Study. J. Magn. Reson. Imaging, 52(4). 1187-1196, 2020.
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