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R:GGACAGCTTCTTGTCGTTGTTG

Mash1 F:GCCAACAAGAAGATGAGCAAGG 65 264 36
R:TCAGAACCAGTTGGTAAAGTCCAG

Ngnl F:CCTGCATCTCTGATCTCGACTG 64 379 36
R:TCAATCTTGGTGAGCTTGGTG

Pax7 F:GCTCAGATGTGGAATCAGAACC 67 488 36
R:GCTGTCAGAGTAGCTGGAGAAGC

Pax6 F:GAGAGGACCCATTATCCAGATG 63 467 36
R:GCTGACTGTTCATGTGTGTTTG

Dbx1 F:CGTTCGCCTTTCCATACTTC 55 438 36
R:CGGATTGTCTTCCTCCTCATC

Dbx2 F:-TGACCCAGGACTCAAATTCC 55.5 261 36
R:CCTGAAGGCTCACTTCTT

Irx3 F:CTGGGTCCCTATCCAATGTG 60.5 539 36
R:CGTTTGCTCICTTCCTCGTC

Evx1 F:GATGCTCTGGGTAGCAGTCC 60.5 342 36
R:CATCATGTAGGTGTAGAAGG

Evx2 F:CCCTACTGCTGGCAAGAGGTTCTCC 63.5 193 36
R:CGGGTGCTGCAGGTTGAACAAAGT

Olig2 F:GAACCCGATGATCTTTTTCTGC 63 489 36
R:CCGTAGATCTCGCTCACCAGTC

Hb9 F:GGCGCTTTCCTACTCATACC 64 456 36
R:TCCTCTTCCGTCTTCTCCTCAC

Hoxb4 F:CTCCAGTGCAGCCAACAG 54 288 36
R:GCGTCAGGTAGCGATTGTAG

Hoxc5 F:CTGCTTGGTAAAGAGGTGTTGG 63 459 36
R:ATTGTGGAAGGCTGGAGAGG

Hoxc8 F:CATCTCCAACTCGGGCTACC 57 422 36
R:CCTTTTTCCACTTCATCCTTC

Hoxcl0 F:CCTCTGTCCTCCTGTTCCTACC 64 460 36
R:GTTATCCGAGGTGTCTGGACTG

- F:-TCACTGTGCCTGAACTTACC 63 319 25

tubulin ~ R:GGAACATAGCCGTAAACTGC

F= Forward primer R= Reverse primer

sy (10° M) RA (oYL bl 5l adlas ol 5o (& 4l

sdile 5l ol EBS e Wl Jouily oL 55
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GOl S Jolw mae W1 yo RA &

VPO (G

1392 45 4 o 5lods oL Jlo 5151 Kb 3 pode olLIS Lagh ole doxo



OCod 9w pumo

L Joh e b g 53 Kigid 5 el A

Ok, MAP2 Sites 5wl 305 05,5 4 RA U
11 Jj::fajjfﬁ Olgee opl &5 Jl= 5o L3 gl
J‘}L;&A‘_SJLATJ]GJJ‘ d%‘u{‘}:y MJ:7/8

(2 52 (p<0/01)s

32

Control

Events

102 103 104

FL1-H

100 101

A5 RA VL chle bl Cow jy, 4 S
Spld S L sl 28T )b s i S
el il U5 03,5 4 izl g sl i S
,,bg&;\:om‘_;ﬂﬁu}&(b’a\j\myu
C»J@:;;-é:géud}l.»}\wp3514b}:ﬁ

64

RA

Events

00 101 102 103 104
FL1-H

8 Uy 89,5 15 .S tegilwgld (pig il okl L RA 29,5 9 Jy58 09,5 15 Cule MAPZ (slayg,90 wuo)> dunslie 2 JSW
391 303 39 RA 09,5 )3 lime ol & Jbo 45 sl jalod S MAPZ (glagyg e a1 (g (i (g3 (sdghuw 51 o

B ile Says Lol sl Kl gsia oS Sy,
s ol Jo s 3,8 0l |, MAP2 , Tubulin 11
(3 JSK8) dmals ol J xS ep 8 o bap 1T

Jol> Sogsg 08 golaisl 0F (ST Ol
EBs i 3

S by Ol o s g sm ) Slasmy
J‘ o= RA o); BL EBS J._"L«: J‘ Jaé\:- ‘_;L&Q)J_,S

e < =

(B 5 5 0555 13 Sligy 4usb plusdl Liind | Jools 5okiz sWlshos (A 1 Sl 51 sSsg S0 yiges 3 U

g 9l g8y S 3195 (C, B Siigidy sl b jloni Cod i (63Lks gl ghow 51 4Ly 5led (Jigy99 dund (Lo ghuw
29,5 ;5 B, Silis ol by (D, F o Ji8 89,5 s3lis glaJsbw 3 MAP2 4 B-tubulin 11 olais! S5lis oly pas

.Bar=100 pm S5y y dawl b jlowi Cd

1392 45 4 o 5lods oL Jlo 5151 Kb 3 pode olLIS Lagh ole doxo



OCod 9w pumo

L Joh e b g 53 Kigid 5 el A

by 0 4 8 _i6

2
c
w @ o
mwué

Math1
Mash1
Ngn1
Pax7
Pax6
Dbx1
Dbx2
Irx3
Evx1
Evx2
Olig2
Hb9
Hoxb4
Hoxch
Hoxc8
Hoxc10 -
B-tubulin
RT(-)

Dorso-Ventral markers

Antero-Posterior markers

RT-PCR (43, & ESCS (omas oLsS (om0 4 S
SLOj ol ool 2 Wi ((aog,S 33 juled 5l an g S
S by yooe 93 g (S g buly (SB(ygs98 4 byiye
EB Ui I s ESCS . (56 gmas dyf S olud g
©de 4y o 9 W85 51,8 RA L jlowd o 59,4 e

B (0 S 59,8
]

S ols Ol bl sl e gmla g b
56 Cow asl g ESCS slad sh 3 dsys 35 550>
ol S s aS 0k I, MAP2 ae Sl RA
(40038 5500) 55 58T il 4 SRS 03 8 o Ol
S das e 0L S ol S gl L alie il oyl
35 4 RA L ows ,Ls ESCS I w340 -37 550>

ol B b sl @ (14 -12) wb . nls

A Jol> Sbyugrg Gl Cash yus
4 G Gl S Sk p ECigidy !
RT-PCR _3,

P N ISP N PUR I PN (SR
U Galisee e s amals i bog,s
Cals (sla3s) (b EBS sl 5 528 5 0 gl s
Sao e (4 JSHRA L Sl cos 5 J S 65 8 55 5o
b 815 ) 5 2552 RT-PCR

ESCs b S &ytd oy ol plondl g
adllln 35 g0 oo Al hd (S 5 (SE iy e 53
EBs & wsbs ol RT-PCR (gl w255 1 3
by sl Sl il U8 o5 8w s RA S 8
(Mashl, Pax7, Ngnl, =i L, sbos,s «
Loy = s (Dbxl, Irx3, Pax6) S s Dbx2)
sBa35)) le iy A0 3 1, (0lig2, Pax6) s~
JKE) S 0l e g (S8 iy e 03 (855
25 5 558 3 e ESCS fpiman 05 8 ol 55 (4
SR TN RCENTSPTE S (16 6 9 slass))
slaos,y S Ol 1y (EVX12) VO s,5 5,k
S 1, HBY Kl wmdlys o> RA 56 51 Jolbs
bdgys S Ol Sl W (oS > sladgss 4 by e
3B G dbp2 05 8 I Jole (S o s
b b0y 4 by e sla Soli 5 ks 4Bl s
25 4l S o (sl s (HOXDA) il sae
s EBs :x8 5l 4w 5 JS 1, (Hoxch) s6s
Sl 5 Gl 338 amb gl (S sbaosys
U2 a5 L EBS 2 2 5 i (HoxeB) i 5
(4

Yy 1392 45 4 o 5lods oL Jlo 5151 Kb 3 pode olLIS Lagh ole doxo



OCod 9w pumo

L Joh e b g 53 Kigid 5 el A

Gl SKae iy 28 ate) ol 3 oW IR
(A7)l sls & aej cpl 53 BMP Lo, ply s RA
el ol &7 S35 Ol 5, RA Cls 55 71 >
aallln 53 Q) bl or 2 35 0o O 3,5 2y 5
55 Dbx2 Pax7 sNgnl/2 Mashl , oo 35 sl
el b mls ol ol S RA 05 8 55 1) o 0L
LRA Wl ol 7 515 Sl e S 5 Sl
D-V s Sle 4l ) ods lue cae C3L 30
DbX1/2 5 Pax7 s Kl Ol cow as 4
» @l @ RA el (Sl (18) 552
5 S ey Gaas sl e s b peess
el asls i (dpd-Vpl) 6 WS
hazas G 53 G535 el 3 Db
SO, s SBl e 5 oS8 Ll sbos,s
axl )3 s ge G, s o)l B G5 S~
(Pax7, Dbx1/2, Irx3, | oS slaoj gl S
(Nkx6.2, Nkx6.1, Olig2, Il .y , Pax6)
b 4 (S B3OS ) 0L s S e Ol 1, NKX2.2)
dy S amio 5 3,5 54 3 ez Shh hls
RA & W jasin ol G 53.(19 ) 5,05 e
53,5 ESCs j5 | S slaisi 0L Gl o il
Oby o=ia 5as 03038 gl 55 0lig2 05« 1 o
SESCS (55, plal5 5l slamdly L alie mls cpl s
sgl= 55 Lol O AgTin gy o i 5
Lalg |y o Ol O sleoi RA (YL clle
AB)uwsa s 0L I OIS slao & J s sl
O ol s s RT-PCR 1 fol> mts (20
L 3,03 ESCS (55, 1 oS 22y 285 RA & das e
EVX 172 55 51 o5S lad 0ls Esl Sl il 5 oS
Ol VO aibte oS Ly sbds,s ,o S 355
a5 pao5le 5oy 55 b Kl ol Ol el by 3sd o
Sl s L RA 6 davsys 528 5 Hseb JUs
LS o il VO oS Ll slacssy s 5,8 S

oo sbdsle 4 sl Ol 5 s5a) WG 1, Laadl
s MAP2 e obs Sl dzily RA 3 5 e
S ol I, Btubulin HI
o el bl SL) Sl adllae o
2DV e 53 ESCS s S5l awss ;5 RA
S5 gl gl 5 <88 &y RT-PCR &Sl
« Pax6 Pax7 . Ngnl (Mashl Mathl <l oL
s g Kl olge « Olig2 drx3 (Dbx1/2
3 et Sl A e 53 (S s Ly b0y,
s b Sl olge 4 HDY 5 EvxL/2 b0
350 (16 A8) @b oo 5> (ST 5 Laly sy
s Ol sl Gl I ol b 23 8 515 e
S oS53, ded b ESCS s 55,4 51y o
35 I8 05 5 sladle diles ke ool 45> Mathl
235 33 A8 0L (Omdlnsm 5354 51 ) oxin 53,
JRS 658 4 cus Pax7 5 Ngnl « Mashl lap
a8 iy Luly Sla0s, 5 5o LOS ol zdls g Ol
s BMP cad SUse 56 Cow ee 40 dpl-dp3
Ayl e amio 5 b p:,:.ﬂ Sl ased 2 Wit
(15) w5 g0 Oy e
Ngnl Mashl gy, sl,sst oL
e sladile 528 55, 8 51 e Pax6 , Pax7
o Ol Camdl s (BB by 5L 2l sl
S G sbadsle Gaos ple Jdo 4 LS Sl e
4y L3S e Gle iy de e S Cl e
5 el glaasl o Lus has Al sy,
&l 3L ESCS s oot MAP2 sladsle Ll
2 oo 3l 5 8 i e 53 RA 6 1 ol
Slas el 2l Ll) G0, s il o ST 4 | Leol
s Pax7 «Ngnl/2 (Mashl slo; ;5 dp4-dp6
& G o jya Jb= I LS s 0L 1, Dbx2
508K, e 53 gy s Sl s ol SSBL jawss
2V LT 5 5,8 o S el L Ol

Loy Ll b psomasb 4 Gos sl

Yy 1392 45 4 o 5lods oL Jlo 5151 Kb 3 pode olLIS Lagh ole doxo



OCod 9w pumo

L Joh e b g 53 Kigid 5 el A

ae sbadshe 5 2l (P8 ) e sl s
b s RA Wil Lk, 3U cou ol
il e (Gl she o) ae s 4 Ll sl s
s Db (2T asS e S 1 (el olb
OT 2 5l ST 4 Ol g sad mas Wl 55 1, RA 235
s ol a5 8 e e Gladshe 035 o 3dla S 5o
RA b Cow Olojes O Lases 55 oy 55 ol &
olas EHSea 5 5 pumen (28 26) s e )
Lo sles RA YL clle L EBs &7 Sl wisls
Geios 53 (29) Lsd e Ol Pl Sl i (sla0)
s HDY Kl ol Gl odle Ad Lasie Lol
Hoxbd slaos ol RA (S > bos,s JKis
Sl s dheny s 5 5503 W2l |y HOXCB 5 HOXCS
Gl JSE e & (S lisy
o8 S5 525 4l ey She A e S~
U Joli 55 RA &7 s s 0LE ok plol Sl
I, HoXe st olas s, GDF11l , FGF
Bl b Heem 5 S ok 4 S s gk
S s ek FGF (S sl S RA (YU
SLos,s 5 S o Ok |y HOXDA s a2
Hoxc8 s HOXCS oly « 55 gl 538 el (S~
o ulg 3 HOXC (805 Ol oso8 ol o Lijls 5 o0
s sk 53 S S8, 5 s SHL jaass
Ok pde (29 27) 338 e AP >
sl 5o RA & 515 0l 55 ol G 5> Hoxcl0
gl O & Ly Cllh 28 Glaw S~ o, s
(29 27) wal s FGF s> 4 arls s, 3l 4zws
Sl 5> el RA 487 815 0ledl Ol 5 n g gaes 2
LT plo s i by slad e ) S sl 5

S 5 4o
Sl e S Sl jon S5 55
slowl a3l Gali..iq_l.n)'T b S e ool

Sl b 4 D) SSss 5 (Sesier b
Ly ol glad b 015 o RA I eslizal L &8 isls olis
LS Ly slaoss 5 S Sl Caw 4
RA & 513 0l b Godows s (217 23) 550 alts
cldshe Kl Olge 4 Olig2 W o il
Slagwsp 338 ESCS 3 o8 > sbos)s Slo iy
I DV e Sl ok e S3L 535 5 43 5 S5
ol ESCs I Jol= EBS ;5 5 ax s> > oes
Shamws ol Ol W 4 36 Ll 4 RA &7 was s
Lo 53 55 Shh jsis 19T 0L @l 5 s 05
i8S Lo j3iesle g3 oyl ¢l syl Ll p‘ﬁ oS
3 Sl el s 15 0lIg2 gladshe ) gl Ol oo
Sl 45,385 4 4553 60 51 o S D-V e
4 & Sl RA Lug FGF s ol cpl s das s
53 3 3sh o ailsy Shh  FGF (g lee 1 0T JLs
Olig2 ale> 31 11 98" slaos Shh 56 cou culg
Olig2 Cans 0L (24 -26) cils wal = 1, o O
9131 dom b aline Lo addllae RA 655 ladshe 5
@YU cbhle LS EBS ) wsls olis 8 55 2,8
S 4 oS el 0l ey 65 e Wleds Jls RA
el ) Jeole laasl L mls ol (20) ol als
Ol 35 T &7 1z a)ls Gl 55 (HLSes 5 plad
d= 0 35 RA L s cos EBs s Olig2 wsls
5358 5 e el a (1) L5 a0y (5 pamilin
2 0L RA o5 8 3 g b 05 ol EBS 5 28
25 JAS 03 8 5l flhas Sl OT 0L i

Sboss Sl Kl ooy
Pax6 w55, 556 RA +5 § EBs (Olig2) s ~
e sloen g ool Fos b S1kin S 0k Sk 4 )
S S iy Sl 1, HDY s
FAE S ey (25 Gl s A g 53 o 58 e
s S ol

S Aoy amD ol 4 dm g i adlllae L s

G S T o ssm s i 3 Il )3 o8 e L

Y¢ 1392 45 4 o 5lods oL Jlo 5151 Kb 3 pode olLIS Lagh ole doxo



OCod 9w pumo

L Joh e b g 53 Kigid 5 el A

8. Sato M, Nakano T. Embryonic stem cell.
Internal  medicine  (Tokyo, Japan).
2001;40(3):195.

9. Desbaillets I, Ziegler U, Groscurth P,
Gassmann M. Embryoid bodies: an in vitro
model of mouse  embryogenesis.
Experimental physiology. 2000;85(6):645-
51.

10. Salehi H, Karbalaie K, Razavi S,
Tanhaee S, Nematollahi M, Sagha M, et al.
Neuronal induction and regional identity
by co-culture of adherent human
embryonic stem cells with chicken
notochords and somites. International
journal  of developmental biology.
2011;55(3):321-6.

11. Sagha M, Esfandiari E, Razavi S,
Karbalaie K, Nasr-Esfahani MH,
Baharvand H. Neuronal Induction of
Mouse Embryonic Stem Cells Following
Co-culture with Chick Embryonic Somites.
J Iran Anat Sci. 2008;21(22):231-43.

12. Du Z-W, Zhang S-C. Neural
differentiation from embryonic stem cells:
which way? Stem cells and development.
2004;13(4):372-81.

13. Murashov AK, Pak ES, Hendricks
WA, Owensby JP, Sierpinski PL, Tatko
LM, et al. Directed differentiation of
embryonic stem cells  into dorsal
interneurons.  The 'FASEB = journal.
2005;19(2):252-4.

14. Anjomshoa M, Karbalaie K, Mardani
M, Razavi S, Tanhaei S, Nasr-Esfahani
MH, et al. Generation of motor neurons by
coculture of  retinoic acid-pretreated
embryonic stem cells with chicken
notochords. Stem cells and development.
2009;18(2):259-68.

15. Helms AW, Johnson JE. Specification
of dorsal spinal cord interneurons. Current
opinion in neurobiology. 2003;13(1):42-9.
16. Wilson L, Gale E, Chambers D, Maden
M. Retinoic acid and the control of
dorsoventral patterning in the avian spinal
cord. Developmental biology.
2004;269(2):433-46.

17. Lewis KE. How do genes regulate
simple behaviours? Understanding how
different neurons in the vertebrate spinal

L oblss Sose 4 e glade opl 5o Cosn
e S sbigs 5 s V0 Lty slaog, s cuse
s 3353 Olojen b SU) il o i 53,5 5 e

(e 4 (S8 22 5 (05 (5

18308 9 K5
Olsy o Jlo bt ) oolinal b aslllas !
e dhwy ops dlie OBt 5 5 ol 0kd bl

5T Jos 4 O gy b g Sl T 0 5 S5y Ui

&Rl
1. Maden M. Retinoic acid in the
development, regeneration and

maintenance of the nervous system. Nature
Reviews Neuroscience. 2007;8(10):755-
65.

2. Wilson L, Maden M. The mechanisms
of dorsoventral patterning in the vertebrate
neural tube. Developmental biology.
2005;282(1):1-13.

3. Zhuang B, Sockanathan S. Dorsal-
ventral patterning: a view from the top.
Current  opinion  in  neurobiology.
2006;16(1):20-4.

4. Jessell TM. Neuronal specification in
the spinal cord: inductive signals and
transcriptional codes. Nature Reviews
Genetics. 2000;1(1):20-9.

5. Vieira C, Pombero A, Garcia-Lopez R,
Gimeno L, Echevarria D, Martinez S.
Molecular mechanisms controlling brain
development: an overview of
neuroepithelial ~ secondary  organizers.
International journal of developmental
biology. 2010;54(1):7-20.

6. Poh A, Karunaratne A, Kolle G, Huang
N, Smith E, Starkey J, et al. Patterning of
the vertebrate ventral spinal cord.
International journal of developmental
biology. 2002;46(4):597-608.

7. Evans MJ, Kaufman MH. Establishment
in culture of pluripotential cells from
mouse embryos. Nature.
1981;292(5819):154-6.

Yo 1392 45 4 o lads (o 5ls Jlo w515l Kb pale oIS iagh cole dloo



OCod 9w pumo

L Joh e b g 53 Kigid 5 el A

23. Renoncourt Y, Carroll P, Filippi P,
Arce V, Alonso S. Neurons derived in vitro
from ES cells express homeoproteins
characteristic  of  motoneurons  and
interneurons. Mechanisms of development.
1998;79(1):185-97.

24. Wichterle H, Lieberam |, Porter JA,
Jessell TM. Directed differentiation of
embryonic stem cells into motor neurons.
Cell. 2002;110(3):385-97.

25. Appel B, Eisen JS. Retinoids run
rampant: multiple roles during spinal cord
and motor neuron development. Neuron.
2003;40(3):461-4.

26. Novitch BG, Wichterle H, Jessell TM,
Sockanathan S. A requirement for retinoic
acid-mediated transcriptional activation in
ventral neural patterning and motor neuron
specification. Neuron. 2003;40(1):81-95.
27. Muhr J, Graziano E, Wilson S, Jessell
TM, Edlund T. Convergent inductive
signals specify midbrain, hindbrain, and
spinal cord identity in gastrula stage chick
embryos. Neuron. 1999;23(4):689-702.

28. Del Corral RD, Olivera-Martinez |,
Goriely A, Gale E, Maden M, Storey K.
Opposing FGF and retinoid pathways
control ventral neural pattern, neuronal
differentiation, and segmentation during
body axis extension. Neuron.
2003;40(1):65-79.

29. Liu J-P, Laufer E, Jessell TM.
Assigning the positional identity of spinal
motor neurons: rostrocaudal patterning of
Hox-c expression by FGFs, Gdfll, and
retinoids. Neuron. 2001;32(6):997-1012.

cord are genetically specified.
Philosophical Transactions of the Royal
Society B: Biological Sciences.

2006;361(1465):45-66.

18. Pierani A, Brenner-Morton S, Chiang
C, Jessell TM. A sonic hedgehog-
independent, retinoid-activated pathway of
neurogenesis in the ventral spinal cord.
Cell. 1999;97(7):903-15.

19. Min TH, Kriebel M, Hou S, Pera EM.
The dual regulator Sufu integrates
Hedgehog and Wnt signals in the early
Xenopus embryo. Developmental biology.
2011;358(1):262-76.

20. Okada Y, Shimazaki T, Sobue G,
Okano H. Retinoic-acid-concentration-
dependent _acquisition of neural cell
identity during in vitro differentiation of
mouse embryonic stem cells.
Developmental biology. 2004;275(1):124-
42.

21. Barberi T, Klivenyi P, Calingasan NY,
Lee H, Kawamata H, Loonam K, et al.
Neural subtype specification of
fertilization and nuclear transfer embryonic
stem cells and application in parkinsonian
mice. Nature biotechnology.
2003;21(10):1200-7.

22. Mizuseki K, Sakamoto T, Watanabe K,
Muguruma K, Ikeya M, Nishiyama A, et
al. Generation of neural crest-derived
peripheral neurons and floor plate cells
from mouse and primate embryonic stem
cells. Proceedings of the National
Academy of Sciences. 2003;100(10):5828-
33.

A 1392 15 & o lods (a3l Jlo w51 (Kb pole olKI1D by ools 4o



