
 



Supplementary Figure 1: Signaling centers contain few proliferating cells, express p21, and 

exclude YAP from the nucleus. (a) Schematic diagram of an E10.5 mouse embryo. (b,c) 

Sections at B and C in (a) are generated to study the apical ectoderm ridge (AER), floor plate 

(FP) (b) and isthmus (c). (d-o) Triple staining of YAP (red), p21 (green), and Ki67 (orange) in 

the AER of the limb (d-g), floor plate of the neural tube (h-k), and isthmus (l-o) at E10.5 shows 

low Ki67 staining, high p21 expression, and the lack of nuclear YAP in each signaling center. 

Representative cells within the signaling centers (solid box) and the surrounding tissues (dashed 

box) are enlarged  respectively. (p-r) Quantification of overlapping signals of YAP and DAPI in 

each signaling center (mean ± SEM, n=5, p<0.05). (s,u,w) Expression of S127 phosphorylated 

YAP in the signaling centers. (t,v,x) Expression of -catenin in the signaling centers. All 

quantifications are analyzed by using Student’s t-test.Yellow arrowheads indicate the signaling 

center in AER, the floor plate and the isthmus. Scale bar, 20 μm in d-o,s-x. 
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constitutively activated YAP (YapS127A) at E13.5 results in increased nuclear YAP. (c,d) 

Expression of YapS127A results in reduced p21 expression in the EK (open yellow arrowhead in d 

compared to yellow arrowhead in c). (e-h) Ki67 negative cells are decreased in numbers at the 

posterior region of the incisor tooth germ at E13.5 after YapS127A expression (yellow arrowheads 

in g,h) compared to control (open yellow arrowheads in e,f). (i) Quantification of the number of 

p21 positive cells at the posterior region of the epithelium in the incisor tooth germ (mean ± 

SEM, n=3, p<0.05). (j) Quantification of the number of Ki67 negative cells at the posterior 

region of the dental epithelium in the incisor tooth germ (mean ± SEM, n=3, p<0.05). (k,l) Shh 

expression is decreased at E14.5 after YapS127A expression in the molar tooth germ. (m,n) 

Expression of YapS127A results in reduced p21 expression in the molar EK (open yellow 

arrowhead in l compared to yellow arrowhead in k). (o-r) Ki67 negative cells are decreased in 

numbers at the basal region of the molar tooth germ at E14.5 after YapS127A expression (yellow 

arrowheads in q,r) compared to control (open yellow arrowheads in o,p). (s) Quantification of the 

number of p21 positive cells at the basal region of the epithelium in the molar tooth germ (mean 

± SEM, n=3, p<0.05). (t) Quantification of the number of Ki67 negative cells at the basal region 

of the dental epithelium in the molar tooth germ (mean ± SEM, n=3, p<0.05). All quantifications 

are analyzed by using Student’s t-test. Dotted lines outline the epithelium of the incisor tooth 

germ. Scale bars, 25 μm in a,b; 50 μm in c-e,g, m-n,o,q; 8 μm in f,h,p,r . 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Supplem

lingual e

invaginat

p21 expr

Ki67 neg

E15.5 aft

arrowhea

in a,b; 50

 

mentary Fig

epithelium. 

tion of the l

ression in the

gative cells a

fter YapS127A 

ad in e). Dot

0 μm in c-f . 

ure 3: Expr

(a,b) Expres

lingual epith

e EK (comp

are decrease

expression 

tted lines out

ression of a

ssion of a co

helium at E1

pare open ye

d in number

(yellow arro

tline the epi

a constitutiv

onstitutively 

15.5. (c,d) E

llow arrowh

rs at the pos

owhead in f

thelium of th

vely active Y

active YAP

Expression o

head in d to 

terior region

f) compared

he incisor to

 

YAP delays

P (YapS127A) r

of YapS127A r

yellow arrow

n of the inci

d to the cont

ooth germ. S

s invaginatio

results in de

results in red

whead in c).

sor tooth ge

trol (open ye

Scale bars, 7

on of 

layed 

duced 

. (e,f) 

rm at 

ellow 

75 μm 



 

 



Supplementary Figure 4: Activation of Axin2CreER and ShhCreER in the EK is unable to fully 

induce nuclear YAP at E13.5. (a,d,g,j) Nuclear YAP is excluded from the EK with increased 

p21 and decreased Ki67 levels at E13.5. (b,c) After double deletion of Lats1 and Lats2 in the 

EK, YAP begins to accumulate in the nucleus of EK cells (yellow arrowheads), although the 

majority of the cells exhibit low nuclear YAP. (e,f,h,i,k,l) p21 expression remains high and cell 

proliferation as assessed by Ki67 staining is unchanged after double deletion of  Lats1 and Lats2 

in the EK at E13.5. Dotted lines outline the epithelium of the incisor tooth germ. Scale bars, 50 

μm in a-l. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 



Supplementary Figure 5: Deletion of Ctnna1 results in varied phenotypes and actin 

organization and constriction defects with normal expression of other adherens junction 

proteins. (a-d) H&E staining shows that invagination occurs in 100% of control embryos. 

However, in the Ctnna1cKO, a range of abnormalities is observed (a total of 28 samples were used 

here). (e,f) H&E staining of E16.5 tooth germs shows complete loss of the developing incisor in 

the Ctnna1cKO. (g,h) Histological analysis at E12.5 did not show obvious changes after deletion 

of Ctnna1. (i,j) The level of E-cadherin in the dental epithelium is increased in the EK region  at 

E13.5 in the Ctnna1cKO (j) compared with control (i). (k,l) The level of -catenin in the dental 

epithelium is not changed in the Ctnna1cKO at E13.5 (l) compared with control (k). (m-p) Actin 

organization and apical actin constriction (yellow and open yellow arrowheads) are disrupted at 

the apical side of the Ctnna1cKO epithelium at E13.5 (n,n’) compared with that in the control 

(m,m’). (q,r) TUNEL staining at E13.5 did not show obvious changes after deletion of Ctnna1. 

Asterisk in f indicates the missing of the tooth germ at E16.5 in the Ctnna1cKO. Dotted lines 

outline the epithelium of the incisor tooth germ.  Scale bars, 100 μm in a-h; 25 μm in i-m,o,q,r; 

12 μm in n,p. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

 



Supplementary Figure 6: Disruption of cell-cell adhesion does not inhibit EK formation 

and tooth germ invagination during tooth development. (a-f) H&E staining shows that 

deletion of both copies of p120ctn and one copy of E-cadherin disrupts cell-cell adhesion as 

indicated by the gaps throughout the tissues during tooth development (dark arrowheads indicate 

the gaps within the tissues). (g,h) The EK is formed, based on the presence of p21 positive cells 

and ceased cell proliferation in the posterior region of the tooth germ epithelium at E13.5. (i,j) 

The formed EK is maintained throughout the cap stage, despite defective cell-cell adhesion. 

Dotted lines outline the epithelium of the incisor tooth germ. Scale bars, 100 μm in a-f; 50 μm in 

g-j. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

Supplem

the cond

control a

The bord

blue line

stained s

Ctnna1cK

mentary Fig

densed mese

and Ctnna1cK

der of the co

s indicate th

sections of C
KO tooth germ

ure 7: 3D r

enchyme thi
KO. (c-f) Late

ondensed me

he boarder o

Ctnna1cKO to

m. (g-l) High

reconstructi

ickness. (a,b

eral to medi

esenchyme i

f condensed

ooth germ. (l

h magnificat

ion of the E

b) 3D recon

al H&E stai

in the contro

d dental mes

l) The borde

tion shows th

E13.5 tooth 

nstructed E13

ined sections

ol tooth germ

enchyme. (h

er of the co

he border of

germ and m

3.5 incisor to

s of a contro

m. Dark arr

h-k) Lateral 

ondensed me

f the conden

measureme

ooth germs i

ol tooth germ

rowheads an

to medical 

esenchyme i

nsed mesench

 

ent of 

in the 

m. (g) 

nd the 

H&E 

in the 

hyme 



in control and mutant of tooth germ. (m-n) Tracing the orientation of the long axis of cells in 

dental mesenchyme and its surrounding area marks the border of dental mesenchyme in control 

and Ctnna1cKO tooth germ.  (o-p) Radial histograms displaying quantification of dental 

mesenchymal cell orientation in control and Ctnna1cKO tooth germ. (q) Quantification of cell 

orientation in dental mesenchyme and surrounding area (mean ± SEM, n=100, p<0.001). All 

quantifications are analyzed by using Student’s t-test. Dark dotted lines outline the epithelium of 

the incisor tooth germ. Green dotted lines outline the condensed cells in the mesenchyme 

surrounding the epithelium. Green lines outline the long axis of cells in dental mesenchyme and 

surrounding area. Red lines outline the border between dental and non-dental mesenchyme based 

on aligned cell orientation. Scale bars, 100 μm in c-f,h-k; 50 μm in g,l,m,n. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

Supplem

the cervi

showed t

mentary Figu

ical loop inv

that YAP is 

ure 8: E-c

vagination 

mostly abla

catenin-YAP

during late

ated in the to

P/TAZ axis 

 tooth deve

ooth germ ep

induced EK

elopment. (a

pithelium of

 

K formation

a-d) Immuno

f triple muta

n is require

ostaining of 

ants at E13.5

ed for 

YAP 

5 and 



E14.5. (e,f) The tooth germ was not rescued in K14Cre;Ctnna1fl/fl;Yapfl/+;Tazfl/fl mutants (asterisk). 

(g,h) The tooth germ was formed in K14Cre;Ctnna1fl/fl;Yapfl/fl;Tazfl/+ mutants (asterisks). Dotted 

lines outline the epithelium of the incisor tooth germ. Scale bars, 25 μm in a-d; 100 μm in e,f; 

400 μm in g,h. 
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