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Figure S1 (Related Figure 1). Tcf21 lineage cells give rise to visceral adipocytes. (A) The
expression of Tcf2l in tdTomato™;GFP* and tdTomato;GFP* cells isolated from 3W
Tcf21MM* R261Toma. pdgfra®cFP mice that were treated with TM at P2 and 4 was measured by
realtime PCR. n=3; unpaired t-test. (B) GFP*;Pdgfra® and GFP-;Pdgfra® isolated from 3W
Tcf21MM* R26°CFPMTMG - treated with TM on P2 and 4 were subjected to an EdU-
based proliferation assay or adipogenic induction. The proliferation rates and adipogenic
efficiencies were measured. Scale bar=50um. n=5; unpaired t-test. (C) UMAP graphs show the
expression of select genes in cells isolated from eVAT of WT C57BL/6 mice at P3 or 5W of
age. (D) UMAP graphs show the expression of select genes in cells isolated from iSAT of WT
C57BL/6 mice at P12 of age. (E)Tcf21 LT mice were treated with TM on P2 and P4, followed by
sample collection at P28. Representative whole-mount confocal microscopic images show the
presence of Tcf21 lineage ACs in prVAT (E1), and mVAT (E2), but not in iSAT (E3), rtAT
(E4), or pcAT (E5). (F) Whole-mount images of eVAT from P28 Tcf21MeW
*:R26"TMa0: pdgfra®cF’ mice treated TM at E11.5 or P2 and 4. Scale bar=100um. (G) The
relative adipogenic efficiencies of Tcf2l LCs (the ratio between Tcf21l lineage-traced
adipocytes and progenitor cells) in Figures 1H-J were measured. n=4 or 5; one-way ANOVA.
Different letters indicate significant differences (p<0.05). (H) The fractions of tdTomato* cells
in total Pdgfra-eGFP* cells of Tcf21MM*:R269Toma°: pdgfra®c™ mice that were treated with TM
at P2 and 4 or 6W and fed with HFD for 12W starting at 6W were measured by FC. n=3;
unpaired t-test. (I-L) Tcf21 LT mice treated with TM at P2 and P4 were euthanized at P5 (I),
P7 (J), P12 (K), or 3W (L). eVAT samples were either stained with LipidTOX and analyzed by
whole-mount confocal microscopic imaging (I-J) or sectioned and analyzed by IHC using
antibodies against GFP and Perilipin (K-L). Scale bar=1 mm. Data are represented as mean *
SEM.
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Figure S2 (Related Figure 2). Dynamic gene expression profiles of Tcf21 LCs in mice of
different ages and adiposity. (A-B) Tcf21 LCs isolated from WT Tcf21 LT mice at P12, 3W, 6M,
1W HFD, and 12W HFD were subjected to bulk RNAseq. PCA (A) and tSNE (B) analyses show
the clustering of samples of the same groups. (C-H) The gene expression profiles of every 2
sample groups were subjected to GSEA to identify biological processes enriched in each sample
group compared to every other sample group. Venn diagram shows the overlapping among
biological processes enriched in other groups as compared to P12 (C), 3W (D), 1W HFD (E), 12W
HFD (F), or 6M (G), or the overlapping among biological processes enriched in 6M as compared
to other groups (H). The names of select enriched biological processes are also shown. (1) A
heatmap shows the expression of select DEGs in Tcf21 LCs isolated at different time points.
Genes were grouped based on their functions and color-coded. Red indicates pro-mitotic genes.
Blue indicates anti-mitotic genes. Green indicates pro-adipogenic genes. Orange indicates anti-
adipogenic genes. Purple indicates ECM protein and remodeling genes. Yellow indicates
inflammatory genes. n=2 for P12 and 6M; n=7 for 3W; n=4 for 1W HFD; n=5 for 12W HFD.
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Figure S3 (Related Figure 2). Chromatin remodeling is associated with the dynamic gene
expression in Tcf21 LCs. (A) ATACseq was performed using Tcf21 LCs isolated at 3W, 1W
HFD, and 12W HFD. PCA shows the clustering of samples of the same groups. (B) Heatmap
shows the promoter accessibility, expression level of corresponding genes, and promoter CpG
density of 1,174 DAPs. Genes were divided into three groups based on their promoter
accessibility (low, dynamic, and high). The data for accessibility and expression were
standardized such that each row (i.e., promoter/gene) has a mean of 0 and a standard deviation
of 1 (Z-score). See also Tables S2 and S3. (C) 5,006 DEGs were divided into three groups based
on their promoter accessibility (low, dynamic, and high). Graphs show the percentages of all
DEGs, DEGs with low promoter accessibility, DEGs with dynamic accessibility, and DEGs with
high accessibility that have a strong correlation between gene expression and promoter
accessibility. (D) 5,006 DEGs were divided into three groups based on the CpG density in the
promoter (low, medium, and high). Graphs show the percentages of all DEGs, DEGs with low
CpG density in the promoter, DEGs with medium CpG density in the promoter, and DEGs with
high CpG density in the promoter that have a strong correlation between gene expression and
promoter accessibility. (E) A graph shows the percentage of 1,174 DAPs that have a high
correlation between accessibility and the expression of corresponding genes. (F) A graph shows
the percentage of 17,284 DADs that have a high correlation between accessibility and the
expression of proximal genes. (G-M) Genes that are up- (G) or down- (H) regulated by Tcf21, or
upregulated by Gata2 (I), Runxl1 (J), Osr2 (K), KIf5 (L), or Plagll (M) were subjected to Gene
Ontology analysis to identified enriched biological processes. Select significantly enriched terms
are shown in the graphs. n=2, P12 and 6M (RNAseq); n=7, 3W (RNAseq); n=4, 1W HFD
(RNAseq); n=5, 12W HFD (RNAseq); n=3, 3W (ATACseq); n=2, 1W and 12W HFD (ATACseq).
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Figure S4 (Related Figure 3). SCRNAseq analysis identifies the cell type composition of
Tcf21 LCs. (A) ScRNAseq was performed using Tcf21 LCs isolated at P18, 5W, 1W HFD, and
12W HFD. A heatmap shows the differential gene expression among different sample groups.
The expression of top-25 upregulated genes for each sample is included. (B) All sample groups
were combined and subjected to clustering analysis. A heatmap shows the differential gene
expression among different clusters. The expression of top-10 upregulated genes for each cluster
is included. (C-F) Cells in each sample group were subjected to clustering analysis. Heatmaps
show the differential gene expression among different clusters at P18 (C), 5W (D), 1W HFD (E),
and 12W HFD (F). The expression of top-20 upregulated genes for each cluster is included. (G-
J) Dot plots show the expression of select genes in different clusters at P18 (G), 5W (H), 1W HFD
(1), and 12W HFD (J). (K-L) The NES of representative biological processes enriched in different
clusters identified at P18 (K) and 12W HFD (L) by GSEA.
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Figure S5 (Related Figure 6). Tcf21 inhibits Tcf21 LC adipogenic efficiency through
promoting DIk1 expression. (A) The expression of DIkl in WT and KO Tcf21 LCs treated with
Lenti-shGFP or Lenti-shDIk1 was measured by realtime PCR. n=3; unpaired t-test. (B) Tcf21 LCs
isolated from 3W WT and KO mice were treated with Lenti-shGFP or Lenti-shDIk1 and induced
for adipogenesis followed by LipidTOX staining to quantify the adipogenic efficiency. Scale
bar=50um. n=5; one-way ANOVA. (C) WT Tcf21 LCs were treated with indicated viruses and
induced for adipogenesis followed by LipidTOX staining to quantify the adipogenic efficiency.
Scale bar=50pm. n=5; one-way ANOVA. Different letters indicate significant differences
(p<0.05). Data are represented as mean + SEM.



UMAP_2

| \} H‘I ‘
M liin
‘ I HH‘\
\‘\ 1
il
| \H‘\ ‘
Cdc42ep2
Spon2 | HH
Maged?2
Glipr2 \
Ifi2712a

Fsti1 il
Postn I

I
i) H‘
\ ‘\
Anxa3 |
$100a10
Timp1
C4b
Lgmn
Col6ab
Has1
Serpina3n

Serpine2
Cc3
Mmp3
Aldh1a3
Cxcl14
Penk
Gstm1

Scara5 H

Rsrp1 Ml “H‘

Nr4a3
Tiparp
Smpd3
Ackr3

Ptgs2 [
Hsd11b1

111

\‘H\ ‘H\H

Hi \I|HIIHHH\

Inmt
Il
Cd55
P
CT010467.1
= L
Col16a1 |
Col14a1
Rps27
Rps29
Rpl35
Rps15
Jund
Txnip
Gpx3
Hspa8
Gm8730
Jun
Nfkbia
Cited2
Pim1

\H:\’H H H \‘\ \.Hi\
i it

i

| ]v al

i
wwm w«\wvw.u” i
I

\’ \I\

I \‘ “I‘\

"‘ \‘ \‘\ I

\"W' i

WN

1\‘

Hmlm\m\‘l‘ll‘ﬂ ‘\ml‘hl‘\‘\‘l \H\“\‘IH\

T

W

H H‘H \ I\l\I\WIHII‘\

i H‘ ‘IH\ \M‘\ "\HI‘ H H\
il

\H\H‘”“\\‘w'”m’

‘\H‘
'm\

*w*?

I\IIHH | HH)“

"

csese

UMAP_2

D 2
)
YT
‘ UMAP. 1” !
TR . . SN
s ~ 2 LR
..{r.r* S S
G107 o
l‘.. 4 ~‘(‘§3::} \l%:\
.r““‘;"‘? R
. £y . ‘-‘..,‘_’ v
..-.l 2
B .
b R .,
X Sk
e upte anhy
TR wiasdmg O S
N SR g
HIGH a
',d.;’. -

0
UMAP_1

v‘

i m:*u:a.

WW

l

\
\IHH

AL

H\‘\l\‘\lu\,‘:’lylﬂ “‘H\“”l\lﬂ;‘ll"

il

\WI\ HII“”IH”H \‘H H\‘\ \IH\H\HlHI
l‘\HH Il ’HHH\ 1] \‘HI

H\|
I

il 'x‘w‘lul‘w‘.‘w”'uW il mmw

‘\‘ IHH\I‘\'HI‘\H‘ i “ ‘H‘\I‘\“““\l\‘li‘ \‘\I \I\“\ lHHH |

il
il i

«*www«ww '“"”1.;‘” i

IIHI H‘\H \‘ :llhllllll!llr

H\I I‘ "”’HHH

il

\‘\“ HH H\I‘H\ ‘H‘ \‘l\‘\‘ll\ | W "

f

\
|
“\H

i

\HHH‘ I 100 | \HM\IH\ \HIII\ [0 L

h“ l‘\

L o
. -
£y 27
e O] %
e &
26 "‘. : . .-.&:.. .;' .
S Ee ¥ % .4
Py e ':'--:'r 4
E ; -~ 7 '
0 & s S P .5
25 .. - 4 ‘o *
X e T ki
A A
.:-.‘::.
. 30
5.0
-4 0 4 -4 o 4
UMAP_1
WT 5W KO 5W
&,
R 5}%.
ek o 5
wl b ?ﬁi .oo%
{ﬁf'
Jigraa i A
: y : éf{z,-_ “;‘_" 2- ‘-' -;
200 $¢ ¥ .é-i_‘ - : Ry 2 55
- é;i “ , tf e s
P . i ,
ﬁ%a Yo
R WA,
2o WA
>
2 3 , o p ) 1

)

‘ | " ‘\“H‘\‘ ‘\‘\ ‘hu‘ \”m” !

L '
‘”“””‘” \u‘\‘ ” ‘u‘\hm \H|HHH W

| ;.‘,w

hmmh

nl'N‘\

Il \‘IHI‘\‘ I‘ \‘H Il \‘ I I‘H

Wil

Il WI

| “”“‘H‘H“ IHI “HJ‘H‘H H‘HH

il

\ | \I‘ Il ‘\ M “\ ‘\HH

\‘H\ ‘:II‘\I\‘H\‘IN‘! Ill:l ‘I |‘ ‘H H‘ | ‘:\ ‘H\‘I\l\ll\l\ :I‘I\ H\Ill‘ H‘H"‘:‘:‘

H‘\I\“.\ H‘\ |

y

Ul

!

\|\
|

| ‘IHH\\H ‘HHH I
i

m" E»»l‘niu'”‘? iy

‘\I W‘I | !I ‘Mﬂ“

1 M‘

it

U

‘w

I\ \"

bt

1|’ IF

!

| |\
I
i

HHIJ [
i

)
| ‘ \‘\HHIH\Il H\‘ IHI‘H
\ H | H‘H‘ ‘ ‘

e

i
A
M ‘H I‘|”

6 0000 o0
5 Y ) 000 . —
S
3 o -
©3 000009 - 000 - o0 v o-
.100
2l @ @ 0 00 -o °e0 0 e 90
| e0- 000 . e
TW s O Q0T — € X 2T OOYY © O~ NN~ - ONT O~ O @
BB 8B EER83 28 33ES 85828 2 EE8582285%
00 >E080<Psf 5" <o o0og=88>E SOPE 2T °
_,8 Is! 80. 8 D-LLOE§<<E|_§ A E Faok
600000 @ o -@ @-0- .
5 00 - 0000 o -0 00 .
I:
-1
000 100000 0o e @ YT
2 ® >
3 o -
°: 00000 ® °
.100
2 °00 @000 o coe o
1 00009 0 oo ®
T W — OM~«— O 0O v~ v~ C X~ FOTOT OO~ ANAN— O NSO~ O «— @© «—
BB 8B EER83 28 33ES 85828 2 EE8582285%
00 >E080<Psf 5" <o o0og=88>E SOPE 2T °
_,8 Is! 80. 8 D-LLOE§<<E|_§ A E Faok



Figure S6 (Related Figure 7). SCRNAseq analysis identifies the cell type composition of
Tcf21 LCs in WT and KO mice. (A) Tcf21 LCs isolated from WT and KO mice at P18, 5W, 1W
HFD (WT only), and 12W (HFD WT only) were subjected to scRNAseq. A heatmap shows the
differential gene expression among different samples. The expression of top-15 upregulated
genes for each sample is included. (B-D) Cells from WT and KO P18 mice were combined for
clustering analysis (B-C). The expression of select genes in different clusters is shown in a dot
plot (D). (E-G) Cells from WT and KO 5W mice were combined for clustering analysis (E-F). The
expression of select genes in different clusters is shown in a dot plot (G).
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Figure S7 (Related Figure 7). Loss of Tcf21 accelerates the developmental progress of Tcf21
LCs. (A-G) Pseudotime analysis (Monocle 3) of all Tcf21 LCs isolated from WT and KO P18 mice
(A) and their distributions on the pseudotime trajectory (B). C is the UMAP showing the expression
of DIK1 in individual cells on the pseudotime trajectory. (D-G) Cells in the red dot-line box in A-C
were selected for further pseudotime analysis. Selected cells are highlighted in purple in D. E
shows the pseudotime trajectory of selected cells. F shows the distribution of selected cells from
WT and KO P18 mice on the pseudotime trajectory. G is the UMAP showing the expression of
DIk1 in selected cells on the pseudotime trajectory. (H-N) Pseudotime analysis (Monocle 3) of all
Tcf21 LCs isolated from WT and KO 5W mice and WT 1W HFD mice (H) and their distributions
on the pseudotime trajectory (I). J is the UMAP showing the expression of DIk1 in individual cells
on the pseudotime trajectory. (K-N) Cells in the red dot-line box in H-J were selected for further
pseudotime analysis. Selected cells are highlighted in purple in K. L shows the pseudotime
trajectory. M shows the distribution of selected cells from WT and KO 5W mice and WT 1W HFD
mice on the pseudotime trajectory. N is the UMAP showing the expression of DIkl in selected
cells on the pseudotime trajectory.
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