201946 H 24 H

EFEPFEEZF(8) :

FEREFERA A =X I

EIEtAXFEZFR  r-WEXNEEER
EEZXRARBBWEAIEICBAEEZEMRAT Y —F
MEERNEI 7Y —F
REFREMBERZDBHF R
A BB 82 T

Center for
Neuroscience,

ARE TOHOKU

UNIVERSITY




FEDERXREFRE (1) : 58

o fHfEETHMER U3 D

s BADDFUFHILFRHMEI
o Wnt=2o )L
o Hedgehog=2 7))L
o TgfB=27F)L (BmpED)
o FOS>FFH—t>TF)L (Fgfs)
o LFIAEESTFIL
o Notch=2 )L
oA>FTIUTTFIL
o Db EF RS HIEHEF gD EEZ R I EF




| I 33 58 91
?*E”E -><3 n5tio ﬁ'—J<l)6) A< YT RTERILT 7Y 7,

Tte <18 3 $m AT,

¥{1o0La3H gz i

Drosophio melanogosier Coenorhabaitis elegans

; ‘e;:) (”'-~) :ﬁ;”'i

&%

WaA %

ypcinay Brenner  H. Robert Haonvitz Jahn E. Suksion

20028 7 =~ §{

tE-VERELEEEE F S
Ussoiriton vulgons, Triturus cristotus / Xenapus Laes

Ectward B, Lawis (.lwslv\'{r—c Niisibsinr Béc P, Winchos
‘oihoy

HONS Spamann

19358 7 -~ R 19958 ) —An |

FHETERDM L UEB 2 D<N1LD

<3

ES HIBORR L ENEE-T
WEF &= 9 7+ 2 RRORL

*§

2007 % 2 =~ §

- o =
WY I

Maria B Copecchi Oiver Smithian Fr Martr J. Evers

...’_'.{J

LS

58

s

®Eohit 23R

HRMERERTOZUHICEND
BREAEART LN TEITLERN

s:mrrac;;mn LR 3
2012 s -~ §




:/ 1 /\0_ ? >®H£E§§= Donor embryo

Normal Host
embryo D embryo
V D @ D
v %/

Neural tube
Notochord

Somite axis

axis

SNE O\

i

!
Hilde Mangold DT I)ILHEERIZEXRD




Animal Chordin
Ventral _ BMP4 |—— Noggin
mesoderm Organizer l Follistatin

Epidermis << Neural

AR S D A )L BER

Vegetal

Stern, Development, 2005



SO FIVHEED
- o PARIT—PR
- MRBRNA~NANASY
Ay | SFEHIRIC LB ) CIBEDS
¢
AT L‘ | VR FH RSP OES A CRE
Sokanon EREE | pEmzek ' ) \
Lo 9 % RISHRAR T 03 RIS hYE L
g yx“\i !
Ll ——_di U B AT DR i
RIGHING | fvsron (RO !

SRSHERT RS INOBDERK

IS B )NOERK S—t > AMEFEEE [X5-21




RECEFRRE (2) : REAR




.1,

;
. J

HHAZIESE - 31b. FZRSAZRK -
DR

i) ALSODaEE(CMEITT

£a

I}




https://jp.pinterest.com/pin/
462956036666520649/

http://www.businessinsider.com/an-eye-
tracking-interface-helps-als-patients-
use-computers-2015-9



®A

BHEDHE

AR PR [ R FEE |



A Neural plate SLRREE

AR Fctoderm

D) = Gl
S S

B Neural fold

D Embryonic spinal cord

BT
—_a—[0O>

D6

A0 psRInE
O\vi Za—0O>
V2

O /vn EH

i el

EEAR Floorplate V3

Notochord

125 ) LAHRERIF R 52-8



—D bURZ RS BB SEER

H L ARER (EShOEFE)



EE 1 —0O>DFESERAF?




YavaNIMHedgehogZE £

hedgehog

st STl L B I8
A aro A = A
Gk B
BN Ty

\
P |
e AR R
s A
S s
R m‘-‘vl'tm“ "

\/

¢

LML

e Aadon
L AK T

- L L R L y
NN ' L Fl )
g G K S f/’ // ¥

£ ///’/',

’

ZPHEE@RKRINIHE




939939 N IOHhEEFDHRR

X DADHhFEIH

15
4 D R A [ B

Labial disc

Dorsal prothoracic disc

Clypeo-labral disc Wing dise

Metathoracic leg disc

Prothoracic leg disc .
Eye-antenna disc Haltere disc

Proliferation centers
of brain ;
A2

Metathoracic
leg disc

Anterior dorsal

histoblast nest Spiracular histoblast

nest

Ventral histoblast

Posterior dorsal nest

histoblast nest

R IEEDHh

ZPHEE@RKRINIHE



EEELFRIERFINTNS !

>33 )\IhedgehogD#A[E]
Bz FIRE

P | ’ » Sonic the hedgehog®©




Sonic Hedgehog (Shh) =293+ IJL®D
[RERE]

DN EREE AR E ROARE R AR E

a Shh RNA b Shh protein Ptc-lacZ

(a)

JESAR
Floor plate

- \ "
‘ »

Ho & Scott, Curr Opin Neurobiol, 2002

B
Notochord



Sonic Hedgehog (Shh) =4 F)L#Z%

Smoothened

Patched

_ Shh HiBR{A
N (i Sl g )C
SEMRIGH \ CK?S
&l ) aUZFO—)b

- Sonic hedgehog

Sonic hedgehog Sonic hedgehog
Raiie FESEHERR

S—t AFEEF [K5-23




HIZEERDI\G—>AL

i

French Flag Model n

https://en.wikipedia.org/wiki/French

flag model#/media/File:Concs.qif 051 2 3 4
[Shh] (nM)

James Briscoe EMBO J. 2009:28:457-465 19



https://en.wikipedia.org/wiki/French_flag_model

SHHIREAE-ESHl#EEFDOFRIRDESE

,,,,,,,,,,

_________
-~ Ss

------------ < \\
~, \f\
II,/ \\\‘\
! — \ |
— BUPax6EnBERAFH
I' \ /, \\‘
-1 EyA)VAN VA Ve =
AY
\\\\~ AW — N
P EDIRDH? .
-: |
\ !
S )
. ) N A
/ N
{ \ Nkx6.1
\ .
‘p l“.
J

Ventral

20 Brisco & Small, Development, 2015



AR S W KA Pax6a,\7|'\-— = AV NN




SHHiRESE(C KX SHEEDSBE/I\F—>1E

BMP, Wit

Shh

Ptch——Smo

GliA — GIiR

Sy

Target genes

Ventral

22 Brisco & Small, Development, 2015



BARDRIRENaD 12/ \ Y —2A1E

Drosophila

s BB - A~

Antennapedia complex Bithorax complex

Mouse
Hoxa, chromosome 6

Hoxb, chromosome 11

—{bi— o | v — o7 b — -
Hoxe, chromosome 15
B s —@ o0 el e s

Hoxd, chromosome 2

B>

) LAHHRERIE



S

F A 2 BOERESDTFTID

Retinoic Acid Synthesis

/

.

RDH

retinol —

retinal

™~

RALDH

retinoic acid

@™

Dioxygenase

[3-carotene
RETINAL all-trans-retinol
REDUCTA SE/
M Retinol dehydrogenase

all-trans-retinal )
Retinal dehydrogenase

all-trans-retinoic acid

24

https://www.creative-proteomics.com/services/retinoic-acid-analysis-service.htm



https://www.creative-proteomics.com/services/retinoic-acid-analysis-service.htm

LF A BEDERES DT I

Retinoic Acid Synthesis

e )
\RALDH

retinol =———» retinal
retinoic acid

\

Retinoic Acid Signaling

* Transcription

Histone modifications

RAR ( RXR DNA methylation

m VN8N

\. »

https://www.creative-proteomics.com/services/retinoic-acid-analysis-service.htm

25


https://www.creative-proteomics.com/services/retinoic-acid-analysis-service.htm

LF /A 2 EEDi=

Expression pattern

Gastrulation (HH4)

m epiblast
" Y mesoderm

Somitogenesis (HH10)

mnenous
AP system

e Raldh2
o Cyp26A1

® FGF4

Presomitic
mesoderm

mesoderm ¥

SRR ERIREICE D2/ (P —2A1E

AP patterning activity

Gastrulation (HH4)

QA

RA FGFs
Somitogenesis (HH10)

()

AP

& hyroid Hex
> Hoxbhé

41 Proxt
Pdx1

RA FGFs

P 194 D)
26



HAZLS5E -
DIBfE
BLEER

. FHZRRAZRK -

i

i




NOAESHIRDHERIZ1—AVZEES

Cell, Vol. 110, 385-397, August 9, 2002, Copyright ©2002 by Cell Press

Directed Differentiation of Embryonic
Stem Cells into Motor Neurons

Hynek Wichterle,' Ivo Lieberam,’ Summary
Jeffery A. Porter,” and Thomas M. Jessell”
'Howard Hughes Medical Institute

Denestinnt of Biochemisiry wd Moleouler Inductive signals and transcription factors involved in

Biophysics motor neuron generation have been identified, raising
Columbia University the question of whether these developmental insights
Ng:l: ‘T:&_New ke can be used to direct stem cells to a motor neuron
&1 South Moulton Street fate. We show that developmentally relevant signaling
Cambridge, Massachusetts 02138 factors can induce mouse embryonic stem (ES) cells

to differentiate into spinal progenitor cells, and subse-
quently into motor neurons, through a pathway recap-
itulating that used in vivo. ES cell-derived motor neu-
rons can populate the embryonic spinal cord, extend
axons, and form synapses with target muscles. Thus,
inductive signals involved in normal pathways of neu-
rogenesis can direct ES cells to form specific classes
of CNS neurons.
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Waddington’s Epigenetic Landscape
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Wagner et al.: Single-cell mapping of gene expression landscapes and lineage in the zebrafish embryo.

Science, 260(6392), 981-987, 2018
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