Cell Reports, Volume 35

Supplemental information

Arid1a-Plagl1-Hh signaling is indispensable
for differentiation-associated cell cycle arrest

of tooth root progenitors

Jiahui Du, Junjun Jing, Yuan Yuan, Jifan Feng, Xia Han, Shuo Chen, Xiang Li, Weiqun
Peng, Jian Xu, Thach-Vu Ho, Xinquan Jiang, and Yang Chai



SUPPLEMENTARY FIGURE LEGENDS

Figure S1A. Arid1a is knocked out efficiently in Gli1-CreER;Arid1a™ mouse molar roots

at PN14.5. Related to Fig.2.

Arid1a immunofluorescence of first mandibular molars of control (Aa-Ac) and Glif-
CreER;Arid1a™" (Ad-Af) mice at PN14.5. Colored boxes in Aa and Ad are shown enlarged.
Arrows in Ab and Ac indicate positive signals in control mice; arrowheads in Ae and Af indicate

absence of signal in Gli1-CreER;Arid1a™ mice.
Schematic at the bottom indicates induction protocol. TAM, tamoxifen. Scale bars: 100 uym.

Figure S1B. Loss of Arid1a in Gli1+ root progenitor cells does not lead to morphological

changes at PN7.5. Related to Fig.2.

Arid1a immunofluorescence of first mandibular molars of control (Ba-Bb) and Glif-
CreER;Arid1a™" (Be-Bf) mice at PN7.5. Boxes in Ba and Be are enlarged on the right. Arrow in
Bb indicates positive signals in control; arrowhead in Bf indicates absence of signal in Gli1-
CreER;Arid1a™. H&E staining (Bc, Bg) and K14 immunofluorescence (Bd, Bh) of first

mandibular molars of control and Gli1-CreER;Arid1a™ mice at PN7.5.

Schematic at the bottom indicates induction protocol. TAM, tamoxifen. Scale bars: 100 uym.
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Figure S2A. Loss of Arid1a in the dental epithelium has no apparent effect on tooth root

development. Related to Fig.2.

(Aa-Ad) Arid1a immunofluorescence of first mandibular molars of control (Aa, Ac) and K714-
rTA;tetO-Cre;Arid1a™ (Ab, Ad) mice at PN7.5. Boxes in Aa and Ab are shown enlarged. Arrows
in Ac indicate positive signals in control mice; arrowheads in Ad indicate absence of signal in

K14-rtTAtetO-Cre;Arid1a™ mice.

(Ae-Ak) 2D (Ae, Af) and 3D (Ag, Ah) microCT images, H&E staining (Ai, Aj) and quantitative
analysis of tooth root length (Ak) of first mandibular molars in control and K1714-rtTA;tetO-

Cre;Arid1a™ mice at PN21.5. N=3. NS, no significant difference.

Schematic at the bottom indicates induction protocol. Dox, doxycycline. Data are represented as

mean + SD. Scale bars in Aa-Ad: 100 um. Scale bars in Ae-Aj: 200 ym.

Figure S2B. Loss of Arid1a in odontoblasts leads to no apparent tooth root defects at

PN21.5. Related to Fig.3.

MicroCT images (Ba, Bb) and quantitative analysis of tooth root length (Bc) of first mandibular

molars in control and Dmp1-CreER;Arid1a™"mice at PN21.5. N=3. NS, no significant difference.

Data are represented as mean + SD. Scale bars: 300 um.
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Figure S3. Loss of Arid1a in Gli1+ root progenitor cells leads to increased apoptosis at a

later stage of tooth root development. Related to Fig.3.

(A-F) Terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) staining (green)
and visualization of tdTomato (red) on sagittal sections of first mandibular molars from Gli1-
CreER;tdT (A-C) and Gli1-CreER;Arid1a™:tdT (D-F) mice at PN7.5, PN9.5 and PN11.5 after

induction at PN3.5. The boxed areas in A-F are shown enlarged in the middle.

(G) Quantitative analysis of the ratio of TdT+TUNEL+ cells in the root apical region in Gli1-

CreER;tdT (Con) and Gli1-CreER;Arid1a™:tdT (Mut) mouse molars. N=3, *p<<0.05, NS, no

significant difference.

Schematic at the bottom indicates induction protocol. TAM, tamoxifen. Data are represented as

mean + SD. Scale bars: A-F, 100 um.
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Figure S4A. PCA analysis and top 20 differentially expressed genes between control and

Gli1-CreER;Arid1a™" mouse molars at PN7.5. Related to Fig.4.

(Aa) PCA analysis of RNA sequencing data identified two distinct clusters belonging to control

and Gli1-CreER;Arid1a™" mouse molars at PN7.5.

(Ab) Top 20 differentially expressed genes between control and Gli1-CreER;Arid1a™ mouse

molars at PN7.5 sorted from smallest FDR value and fold change < -2.0 or > 2.0.
Schematic indicates induction protocol. TAM, tamoxifen.

Figure S4B. Loss of Arid1a in Gli1+ root progenitor cells leads to downregulated Hh

signaling activity. Related to Fig.4.

gPCR of Gli1 (Ba) and Pfch1 (Bb) and western blot of Ccnd1 (Bc) in the apical third of the first

mandibular molar in control and Gli1-CreER;Arid1a™" mice at PN7.5. N=3, *p<<0.05.

Schematic indicates induction protocol. TAM, tamoxifen. Data are represented as mean + SD.
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Figure S5A. Loss of Arid1a in Gli1+ root progenitor cells leads to no apparent change in

Wnt signaling activity. Related to Fig.4.

RNAscope in situ hybridization of Axin2 (Aa-Ad), and Lef1 (Ae-Ah) on the first mandibular
molars from control and Gli1-CreER;Arid1a™ mice at PN7.5. The boxed areas are shown

enlarged on the right. Arrows in Ab, Ad, Af and Ah indicate positive signals.
Schematic at the bottom indicates induction protocol. TAM, tamoxifen. Scale bars: 100 ym.

Figure S5B. Loss of Arid1a leads to downregulated Hh signaling activity, overactivated

mitosis and compromised osteogenesis in the mandibular condyle. Related to Fig.4.

(Ba-Bf) Arid1a immunofluorescence (Ba-Bb), RNAscope in situ hybridization of Gli1 (Bc-Bd),
and Ccnd1 immunofluorescence (Be-Bf) of mandibular condyle from control and Gli1-
CreER;Arid1a™ mice at PN9.5. White dashed lines outline subchondral bone. Arrows in Ba, Bc

and Be indicate positive signal. Dotted arrows in Bb, Bd and Bf indicate reduced signal.

(Bg-Bj) Immunofluorescence of pHH3 (green) and visualization of tdTomato (red) on mandibular
condyle of control and Gli1-CreER;Arid1a™;tdT mice at PN21.5. Boxes in Bg and Bh are
enlarged in Bi and Bj. White dashed lines in Bg and Bh outline subchondral bone. Arrows Bi and

Bj indicate overlapping signals.

(Bk-Bl) MicroCT images of condyles from control and Gli1-CreER;Arid1a™" mice at PN21.5.
White and red dashed lines outline condyle in control and Gli1-CreER;Arid1a™ mice. White and

red solid lines represented the condyle width in control and Gli1-CreER;Arid1a™ mice.

Schematic at the right indicates induction protocol. TAM, tamoxifen. Scale bars in Ba-Bj: 100 uym.

Scale bars in Bk-BIl: 300 ym.
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Figure S6. Upregulation of Hh signaling partially rescues the cell mitosis defects in Gli1-

CreER;Arid1a™" mouse molars. Related to Fig.5.

RNAscope in situ hybridization of Gli1 (red) and Ptch1 (red) and immunofluorescence of Ccnd1
(red) and pHH3 (green) of sagittal sections of first mandibular molars of control (A-D), Gli1-
CreER;Arid1a™ (E-H), and Gli1-CreER;Arid1a"";SmoM2"* (I-L) mice at PN7.5 after induction at
PN3.5. Arrows indicate positive signals; arrowheads in E, F and G indicate reduced signal in

targeted region.

(M) Quantification of pHH3+ cells in the apical third of first mandibular molars from control, Gli1-
CreER;Arid1a™ and Gli1-CreER;Arid1a™:SmoM2"* mice at PN7.5 after induction at PN3.5 (the

boxed areas in D, H and L). N=3, *p<<0.05.

Schematic indicates induction protocol. TAM, tamoxifen. Data are represented as mean + SD.

Scale bars: 100 ym.
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Figure S7A. Motif analysis result of ATAC-sequencing. Related to Fig.6.

Top thirteen motifs enriched in regions with increased accessibility in control group compared to

Gli1-CreER;Arid1a™ mice at PN7.5 after induction at PN3.5.

Schematic at the right indicates induction protocol. TAM, tamoxifen.

Figure S7B. The mRNA and protein expression levels of Plagl1 after loss of Arid1a in

Gli1+ root progenitor cells. Related to Fig.6.

(Ba-Bd) RNAscope in situ hybridization (red) of Plagl/1 on sagittal sections of first mandibular
molars of control (Ba-Bb) and Gli1-CreER;Arid1a™" mice (Bc-Bd) at PN7.5. Boxed areas in Ba

and Bc are enlarged on the right. Arrows in Bb and Bd indicate positive signals.

(Be) Western blot of Plagl1 in the apical third of the first mandibular molars of control and Gli1-

CreER;Arid1a™ mice at PN7.5.

Schematic at the bottom indicates induction protocol. TAM, tamoxifen. Scale bars: 100 ym.

Figure S7C. Colocalization of plagl1 and proliferating cells at the apical part of tooth root

at PN7.5. Related to Fig.6.

RNAscope in situ hybridization of Plagl/1 (green) and immunofluorescence of Ki67 (red) of
sagittal sections of first mandibular molars of control mice at PN7.5. Boxed area in Ca is

enlarged in Cb-Cd. Arrows in Cb-Cd indicate positive signals.

Scale bars: 100 ym.



f WT-Specificusing summit

Total background sequences = 41286
. I

[P-value|log P-pvalue|% of Targets|% of Bacl d[STD(Bg STD) |Best Match Details
Gfi1/ MA0038.1/Taspar(0.698)

61 s 5
leBl [IOL0CR0LBa% | (0.00% 46.0bp (20.T58)}fore Information | Similar Motifs Found
1e-39 |9.181e=01 [4129%  [0.02% 47 5bp (77.4bp) i,Boli;* }—G“bpa—*;:ﬁ:flgffr:me .
b Lo s s 51.1bp (46,1 bpy|PU-|ETS) ThioMac-PU.1-ChIP-Seq(GSE21512) Homer(0.739)

[More [nformation | Similar Motifs Found

YY1/ MA0095.2/Jaspar(0.735)

[More I Similar Motifs Found

1e-20 [-4.692e=01 (1.74% 0.00% 45.7bp (13.7bp))

. x MEIS1/MA0498 2 Taspar(0.621)
: S 5 i g
led0; 4020 L%  0.0006 58.1bp (0.050) |y ore o Similar Motifs Found

POL009.1_DCE_S_IVaspar(0.604)
[More Information | Similar Motifs Fou

N = =
7 AI’_ A A le-17 |3944e+01 [456%  [031% (R o o L MA0AT9: L aspar((,665)
n A

[More Information | Similar Motifs Found

A =
3o 7T T, 7TQT 7T7 hetl |25s51es01 [130% 0.01% 51.0bp (54 3bpy|Smad2CMAD) ES-SMAD2- ChIP-Seq(GSE29422) Homer(0.647
B ST SRS e

le-17 [-4.104e-01 [3.04% 0.07% 54.9bp (30.8bp)|

e Information | Similar Motifs Found
o+ A A CA le6 |1424e-01 [10.85%  [5.12% S s OO PR S SR AV, 5D)

& PP s o NF 7 §j-ZNF 768-ChlIP- 87 7
CTCI CCT o5 [Lteseor ass  foss <6 b 63 20 25526 R ZXFT65.CHID SeqGSE 11675)Homer(0.706

L A (s TTA T iea Logsisrooimass lomos 57 7bp (35 10p) [P SE(SNAPOKS62-mStan-Seq Homer(0.642)

et e [More Information | Similar Motifs Found TAM

CACT G oo o foos s p Gooup FBISLLEMS ew 019 wor—
12 TAC CAC C led) [RI0IR00ERE 0056 55-1bp (90998 re Information | Similar Moifs Found
5 . . — PBO130.1_Gm397_2/Taspar(0.685) PN3.5 PN7.5
le3  [-8384e+00 [0.43° 0.01° 56.0bp (0.0bp)
WL W 1NN T i ° 0P (5550 INfore Information | Similar Motifs Found
T e R e e

Plagl1 b
3 a e Plagi1/
£ (PN7.5)
Q
(&
Efu
S .=
3 i.
4 \
8
g
il

Plagl1

Q‘,,L'TAM p-actirJ e — ‘

PN3.5 PN7.5 Control  Gii1-CreER:Arid{a™




Table S1. Antibody sources and concentrations. Related to STAR Methods.

Primary antibodies | Source | Dilutions
Immunostaining

Arid1a Abcam, ab182561 1:100
Ki67 Abcam, ab15580 1:100
B-gal Abcam, ab9361 1:100
K14 Abcam, ab181595 1:100
PHH3 Millipore, 06-570 1:100
Ccnd1 Abcam, ab16663 1:100
Periostin Abcam, ab14041 1:100
Arid1b Abcam, ab244351 1:100
Western Blot

Arid1a Santa Cruz, sc-32761 1:100
Arid1b Abcam, ab244351 1:1000
Plagl1 Santa Cruz, sc-166944 1:100
Gli1 Novus, NBP1-78259 1:1000
Dspp Santa Cruz, sc-73632 HRP 1:200
DMP-1 R&D, AF4386-SP 0.1 pg/mL
Ccnd1 Santa Cruz, sc-8396 HRP 1:200
Beta Actin Abcam, ab20272 1:1000

Table S2. List of PCR primers. Related to STAR Methods.

Gene name | Forward sequence Reverse sequence Application
Beta-actin GGCTGTATTCCCCTCCATCG CCAGTTGGTAACAATGCCATGT | gRT-PCR
Gli1 CCAAGCCAACTTTATGTCAGGG | AGCCCGCTTCTTTGTTAATTTGA | gqRT-PCR
Ptch1 AAAGAACTGCGGCAAGTTTTTG | CTTCTCCTATCTTCTGACGGGT | gqRT-PCR
Plagl1 ATGGCTCCATTCCGCTGTC CTCAGCCTTCGAGCACTTGAA gRT-PCR
Gli1 (site 1) | CGTCTCCCCGACTTTTGAGT CCTTCCCGATTTCCCCCAAA ChIP-gPCR
Gli1 (site 2) | ACTGAGCTTTCCCCATGTCG ATGTTCCATAGGTCGCACCC ChIP-gPCR




