
Figure'1'

dispase'

Ect'+'Mes'
FnP$

MxP$

MnP$

E10.5'

E11.5'

E12.5'

A'

●

●
●

●

●

●●●

●

●●

●

●

●
●

−40 −20 0 20 40

−4
0

−2
0

0
20

40

Principal Component Analysis

PC 1 (45.0%)

PC
 2

 (1
2.

2%
)

●

●

●

   Mes

●

●

Ect           /
10.5 Fn
10.5 Md
11.5 Fn
11.5 Md
11.5 Mx
12.5 Fn
12.5 Md
12.5 Mx

B'

2922#

1944#

2387#

609#

469# 130#

114#

Age#
###(6048)#

Prominence#(3635)#

####Layer#
(7722)#

C'

Principal component 1 (45%) 

P
rin

ci
pa

l c
om

po
ne

nt
 2

 (1
2.

2%
) 

!!!!!!!!!!!!!!!
!

!
!
!
!

!!!!!!!!!!!!!!!!
!!!!!!!!!!!

!
!

!
!

11.5!
Fn! 10.5!

11.5!
Mx!Mn! Fn! Mx,!Mn!

Mesenchyme!

!12.5!

Ectoderm!

!!!!!!!!!!!!!!!
!

!
!
!
!

!!!!!!!!!!!!!!!!
!!!!!!!!!!!

!
!

!
!

11.5!
Fn! 10.5!

11.5!
Mx!Mn! Fn! Mx,!Mn!

Mesenchyme!

!12.5!

Ectoderm!

D'



10.5''''12.5''''''11.5'''''10.5''''12.5''''''''''''''''10.5''''12.5''''''11.5'''''10.5''''12.5'
''''''''''''Embryo'Age''(days)'''''''''''''''''''''''''''''''''''''Embryo''Age'(days)'

Aldh1a2'''''''''''''''''''''AW551984'''''''''' Aldh1a2'''''''''''''''''''''AW551984''''''''''

Gabrp'''''''''''''''''''''''Trim29''''''''''Gabrp'''''''''''''''''''''''''Trim29''''''''''

Esrp1'''''''''''''''''''''''''Mpzl2''''''''''

Aldh1a2''''''''''''''''''''''''''AW551984'

10.5''''12.5''''''11.5'''''10.5''''12.5''''''''''''''''10.5''''12.5''''''11.5'''''10.5''''12.5'

10.5''''12.5''''''11.5'''''10.5''''12.5''''''''''''''''10.5''''12.5''''''11.5'''''10.5''''12.5'

'''

e
xp
re
ss
io
n
'(
lo
g
2
)'
'''
'''
'''
'''
'''
'''
'''
'''
'e
xp
re
ss
io
n
'(
lo
g
2
)'
'''
'''
'''
'''
'''
'''
'''
'''
'e
xp
re
ss
io
n
'(
lo
g
2
)'

''

Expression'levels' E10.5'in#situ###### E12.5'in#situ'

t'
oe'

oe'
oe'

t'

t'

t'

v'

v'

v'
ov'

oe'

oe'

d' d'

d' d'

d' d'

Figure'2'

d'd'

d' d'

d' d'

ov'

ov'

*'
*'

v'v'

v' v'

v'
v'

*'

Esrp1'''''''''''''''''''''''''''''''''Mpzl2' Esrp1'''''''''''''''''''''''''Mpzl2''''''''''

Gabrp'''''''''''''''''''''''''''''Trim29''''''''''
FnP########MxP#######MdP######################FnP#######MxP#######MdP''''



Figure'3'

Ect'genes'(1217)' Mes'genes'(1459)''

Md''
(76)' Mx'(51)'

Fn''
(43)'

17'

33'

25'

58'
9'

Md''
(323)'

Mx'(185)'

Fn''
(197)'

1'
19'132'

33'

129'142'
48'

1174' 1416'43'

age$
(691)$

140'

327'
364'

'prominence'
(504)'

prominence'
''''(143)'

44'

216'
99'

age$
$$(315)$

+'

858'

panEct' panMes'

628'
+'

0'

150'

300'

450'

600'
downward'

earlyQmid'

early'

other'

upward'

midQlate'

late'

1'

A'

B'

C'



IV' VI'II'

signaling'

cell'
cycle'

cell'shape'

energy'

signaling'

cell''
cycle'

epiQ'
dermis'

epidermis'

signaling'
cell'
shape'

''cell'
shape' epidermis'

DNA'
damage'

lysosomes'

energy'

secreQ'
tory'

lipids'

Figure'4'

bp
e

dp
e

fp
e

dx
e

fx
e

dn
e

fn
e

−3 −1 1 3
Value

Color Key
'z''score'

Md'
Mx'
Fn'

Age'

signaling'signaling'

signaling'signaling'

signaling' signaling'

cell'shape'

neural'

neural'

neural' melanocytes'

cell'fate' epidermis'
DNA'

damage'

secreVon'
RNA'

lipids'

immune'

A'

B'

III+Vb.'earlyQmid'(23)' XIII.'midQlate'(95)' IX.'late'(34)'I.'early'(37)'

IV+Va.'Fn'mid'(30)'

VI.'Mx'mid'(8)'

II.'Md'mid'(11)'

VIII.'Fn'late'(13)'

X.'Mx'late'(11)'

XI.'Md'late'(20)'

signaling'

cell'shape'epidermis'

XII.'Mx'&'Md''
midQlate'(26)'

''dental'
placode'

signaling'

neural'

cell'shape'

VII.'Fn'&'Mx''
midQlate'(17)'

I' III' '''''Va'''Vb' IX' XIII'XI'X'VIII' XII'VII'

10'''
'''''11'
12'

'''''11'
12'

'''''11'
12'

placode'FuncVon'key'

signaling' cell'cycle'vs.'diff'

cell'fate' cell'shape'

epidermis' oral'epithelium'

immunity' melanocytes'

neural' redox,'stress,'death'

lipids' metabolism'

secretory' lysosomes,'etc.'

RNA'dynamics' other'

oral'

cell'shape'

oral'

s
h
a
r
e
d'

s
p
e
c
i
f
i
c'

Va'



HCO3
Q'

Ocln'

Dok5$

Rims2'

Figure'5'

Gjb3$

focal'adhesions'

chromaVn'
structure'

Chd7'
Arid3b'

transcripVon'

Sp6$

Ldoc1$Emx1$ Foxa2$

Vgll2$

Rbpms'

Obfc2a'

RNA'binding'

DNA''
damage'

Lgl2'
Stard8$

Amot$

Mylk'

Tinagl1$

Tubb4a'

Ank2$ Filip1l$

CA'

Th,Ddc$

Trp'

NAD+'

Asp'

Arg'

Ass1$Kynu$

metabolism'

juncVons'

cell'
cycle'

Usp44'

Cdkn1a'

CoA' Cysteamine'
Vnn1$

ECM'

Nebl$

Ccdc80$Hs6st2'

Hapln1$

Kazald1$

Cpz'

Prss8'

Pm20d1$

Atp2c2$

Ano3$

Mcoln3'

membrane'
traffic'

signaling' Bmp4'

Nptx1$Artn$

Cbln1$

Gdf6$

Nell2$

Fgf8'

Shh$

Abca4'

RA'

Eda2r$Gfra1' Lrp2'

Cnksr2'

Rbp1'

Car4$
Best3$

ClQ'

Clic6'

ClQ'

Wfdc2'

Krt8'

Krt18'

Cldn7'

Upk3bl'

cytoskeleton'



Lgals7'
Col12a1'

Figure'6'

Gjb2'

Dsc2'

Tnfaip2'

Dcn'

Tgm1'

Ankrd22'

Epb4.1l4a'

Edar'Lgr6' Egfr'

Itga2'

Prss23'

Cd9'
Adamts17'

Cers3'

Sptlc3'

Gnai1'

Htra1'Nog'

Kremen2'

Wnt7a'

Ngf'

Wnt7b'
Cxcl14'Wnt10b'

Fzd10' Gabrp'

Gjb6'

Itgb4'

Dsc3' Dsg1b'

Dsg1c'

Dsg3'Jup'

Cldn1'

Rab7b'
Snx31'

Jakmip2'

Tacstd2'

Rhov'

Rhbdl3'

Pvrl4'

Alpk1'

Krt5'

Krt17'

Krt14'

Krt15'

Anxa2'

Arap2'

Capg'

Emp1'

Pof1b'

Lrrtm1' Mall'

Naaladl2'

Nckap5' Dgka'
Diras2'

Anxa1'

Egfem1'

Dgki'

Svil'

Ptpre'

Grasp'

Emp2'

Alcam'

Arl4a'

Commd1'
Nipal2'
Slc39a2'

Cu,'Zn,'Mg'

Krtdap' Sema4a'

Bcl11b'

Spo11'

Irx4'

Grhl1'

Nr2e3' Runx1'Nr3c1'

Serpin10b'

Tfap2b'

DNA'
damage'

Ahr'

Zfp750'

Elf1'

Trp73'

Brinp1'

Dclre1c'

Dennd2c'

Ell2'
Fam84a'

Lmo1'

Fam129a'

Bcl6'

Prkch'

Ppl'

Pkp1'

Parm1'

Olfr492'Kcnh7'
Kcnip1'

K+'

Ociad2'

Anxa4'

Plppr1'

ketone'
bodies'

Bdh1'

Duoxa1'

H2O2'

HCO3
Q'

Car12'
Rhbg'

NH3'

AA'

Aldh3b2'

Slc6a14'
Slc7a5'

Ccdc3'

Abcg5'

sterol'

Cyp2w1'

AMPK'

Prkaa2'

betaQ'
oxidaVon'

Ehd1'

S100a14'

Fmod'

Col17a1'

Gpr56'

Rab3d'

Gca'
Rab38'

Rab32'

Ctsh'

Plbd1'

Has3'

Penk'

Rxfp1'

Tenm2'

Nkain2'

K+'

Na+'

Lama3'

Col14a1'



Figure'7'

scaled'expression'

bn
m

bp
m

dn
m

dx
m

dp
m

fn
m

fx
m

fp
m

bp
e

dn
e

dx
e

dp
e

fn
e

fx
e

fp
e

Ptch2
Ptch1
Gli1
Hhip
Evc
Rab23
Dzip1
Gas1
Gli2
Boc
Cdon
Tulp3
Gnai1
Lrp2
Mmp2
Adam12
Sulf2
Hs3st3b1
Sdc2
Ndst3
Gpc6
Gpc3
Hs6st2
Hs3st1
Mmp9
Sulf1
Hs3st6
Hs3st5
Ext1
Disp1
Asprv1
Hs6st1
Gpc4
Mt1
Shh

DiffExp Hh pathway genes (35):
normalized expression−2 −1 0 1 2

Fold change (log2)

Fn
Md
Fn
Mx
Md
Fn
Mx
Md
Md
Fn
Mx
Md
Fn
Mx
Md

da
rk
or
an
ge
2

da
rk
sl
at
eb
lu
e

re
d

la
ve
nd
er
bl
us
h2

pl
um

3
gr
ee
n

cy
an

da
rk
or
an
ge

da
rk
ol
iv
eg
re
en
4

da
rk
se
ag
re
en
4

th
is
tle
3

m
ed
iu
m
or
ch
id

da
rk
ol
iv
eg
re
en

co
ra
l1

lig
ht
ye
llo
w

ye
llo
w
3

bl
ue

da
rk
tu
rq
uo
is
e

m
ag
en
ta
4

ye
llo
w
4

sk
yb
lu
e2

th
is
tle

m
ar
oo
n

la
ve
nd
er
bl
us
h3

or
an
ge

ta
n

lig
ht
st
ee
lb
lu
e1

na
va
jo
w
hi
te
1

th
is
tle
1

iv
or
y

m
ed
iu
m
pu
rp
le
4

pi
nk
4

co
ra
l3

co
ra
l

da
rk
gr
ey

br
ow
n2

da
rk
se
ag
re
en
3

da
rk
gr
ee
n

da
rk
m
ag
en
ta

da
rk
re
d

or
an
ge
re
d1

si
en
na
4

pa
le
vi
ol
et
re
d3

sa
lm
on
4

bl
ue
2

or
an
ge
re
d3

an
tiq
ue
w
hi
te
2

pu
rp
le

bl
ac
k

lig
ht
st
ee
lb
lu
e

bi
sq
ue
4

lig
ht
pi
nk
4

sa
lm
on
2

lig
ht
sl
at
eb
lu
e

pl
um

1
na
va
jo
w
hi
te
2

br
ow
n4

m
ag
en
ta

sk
yb
lu
e3

da
rk
vi
ol
et

an
tiq
ue
w
hi
te
4

in
di
an
re
d4

m
ed
iu
m
pu
rp
le
1

m
ed
iu
m
pu
rp
le
2

pa
le
tu
rq
uo
is
e

ho
ne
yd
ew

lig
ht
cy
an

br
ow
n

gr
ey
60

co
ra
l2

ye
llo
w
gr
ee
n

sk
yb
lu
e1

pl
um

sk
yb
lu
e4

pa
le
vi
ol
et
re
d2

ho
ne
yd
ew
1

fir
eb
ric
k4

lig
ht
cy
an
1

lig
ht
pi
nk
3

80
 M

od
ul

e3
.4

 e
ig

en
ge

ne
s

93
37

 D
E

 g
en

es
, m

in
M

od
=5

, 9
0%

 m
er

ge

Fn
Md
Fn
Mx
Md
Fn
Mx
Md
Md
Fn
Mx
Md
Fn
Mx
Md

8
0

 
M

o
d

u
l
e

3
.
4

 
e

i
g

e
n

g
e

n
e

s
9

3
3

7
 
D

E
 
g

e
n

e
s

,
 
m

i
n

M
o

d
=

5
,
 
9

0
%

 
m

e
r
g

e

age'

10.5'

11.5'

12.5'

10.5'

11.5'

12.5'

m
e
s'

e
ct
'

ect'
early'

Fn' mid'
late'
ect'

late'
mes' mes'

early/'
mid'

Fn
Md
Fn
Mx
Md
Fn
Mx
Md
Md
Fn
Mx
Md
Fn
Mx
Md

darkorange2

darkslateblue

red
lavenderblush2

plum
3

green

cyan
darkorange

darkolivegreen4

darkseagreen4

thistle3

m
edium
orchid

darkolivegreen

coral1

lightyellow

yellow
3

blue
darkturquoise

m
agenta4

yellow
4

skyblue2

thistle

m
aroon

lavenderblush3

orange

tan
lightsteelblue1

navajow
hite1

thistle1

ivory

m
edium
purple4

pink4

coral3

coral

darkgrey

brow
n2

darkseagreen3

darkgreen

darkm
agenta

darkred

orangered1

sienna4

palevioletred3

salm
on4

blue2

orangered3

antiquew
hite2

purple

black

lightsteelblue

bisque4

lightpink4

salm
on2

lightslateblue

plum
1

navajow
hite2

brow
n4

m
agenta

skyblue3

darkviolet

antiquew
hite4

indianred4

m
edium
purple1

m
edium
purple2

paleturquoise

honeydew

lightcyan

brow
n

grey60

coral2

yellow
green

skyblue1

plum
skyblue4

palevioletred2

honeydew
1

firebrick4

lightcyan1

lightpink3

80 M
odule3.4 eigengenes

9337 D
E
 genes, m
inM
od=5, 90%
 m
erge

Md'
Mx''
Fn'
Md'
Mx''
Fn'
Md'
Md'
Mx''
Fn'
Md'
Mx''
Fn'
Md'
Fn'

Q1''''''''''''0'''''''''''1'



Figure'8'

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

ureteric bud development
positive regulation of cell adhesion mediated by integrin

artery morphogenesis
paraxial mesoderm development

embryonic organ development
sarcoplasmic reticulum

myofibril assembly
striated muscle tissue development

camera−type eye development
odontogenesis of dentin−containing tooth

forebrain neuron differentiation
blood vessel morphogenesis

ionotropic glutamate receptor signaling pathway
ion channel complex

negative regulation of neuron apoptotic process
connective tissue development

hormone−mediated signaling pathway
cortical cytoskeleton organization

regulation of reactive oxygen species metabolic process
phospholipid translocation

positive regulation of synaptic transmission
postsynapse

Golgi membrane
muscle system process

alcohol biosynthetic process
ossification

positive regulation of nervous system development
hexose metabolic process

positive regulation of epithelial cell proliferation
B cell apoptotic process

ventricular septum morphogenesis
Golgi apparatus part

actin cytoskeleton
neuron migration

cellular response to growth factor stimulus
regulation of lipid metabolic process

transmembrane receptor protein tyrosine kinase signaling pathway
epithelial cell development

axon
extracellular matrix

cell−cell junction
apical part of cell

wound healing
chemotaxis

cell−substrate adhesion
cell morphogenesis involved in neuron differentiation

positive regulation of locomotion
Wnt signaling pathway

molting cycle
epidermis development

morphogenesis of an epithelium
skin development

cellular modified amino acid metabolic process
neural precursor cell proliferation

epithelial to mesenchymal transition

A.lightcyan1
(46)
B.grey60
(1162)

C.brown
(849)
D.indianred4

(22)
E.orangered3

(8)
F.darkred

(222)
G.darkgrey

(152)
H.tan
(591)

I.orange
(264)

J.blue
(872)

K.yellow3
(9)

L.lightyellow
(114)

M.mediumorchid
(23)

N.darkorange2
(39)

GeneRatio
●

●

●
●

0.2
0.4
0.6
0.8

0.01

0.02

0.03

0.04
p.adjust



Figure'9'

forebrain'neuron'differenVaVon'
odontogenesis'

GO'BP'annotaVon'

Eigengene'expression'
Mx'&'Md'mes'

Mir19a'

Mir186' Mir505' Mir16Q2' Mir181a1'

Mirlet7d'Mir106b'

Mir301'

Mir18'

Mir20a'
Mir92Q1'

ventricular'septum'morphogenesis'
B'cell'apoptoVc'process'

response'to'amino'acid'sVmulus'

regulaVon'of'cytokine'producVon'

GO'BP'annotaVon'

Eigengene'expression'
E11.5'mes'&'ect;'Mx,'etc.'

Mir181b1'

Mir98'

Mir17'

Mir19bQ1'

Mir15b'

Mir30e'

Network'legend'
CoQexpression'in'GEO'
Tissue'coQlocalizaVon'

Predicted'interacVon'

Physical'interacVon'

Shared'phenotype'

Orofacial'clek'gene'

blood'vessel'morphogenesis'
embryonic'organ'morphogenesis'

GO'BP'annotaVon'

Eigengene'expression'

Md'mes,'early'

as'

A' B' C'


