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Figure S1. Quality control of the data set and the characteristics of clusters

(a) Boxplots showing the number of transcripts and the number of genes detected in the single cells from different organs. (b) Result of down-
sampling analysis (see Methods section for details): the x-axis represents the percentage of the down-sampling data size to its original data size,
and the y-axis represents the percentage of detected genes from the down-sampling data compared to that from the original data. The number
above each box indicates the percentage of the mean gene number. (¢) Expression matrix-based t-SNE plot showing the origin and embryonic
stage of the cells (left). Organs are indicated by colors, and developmental stages are indicated by shapes. The major groups identified by the
regulon matrix are circled and annotated. Hierarchical clustering through the expression matrix showing the relationships of cells sampled from
different organs (right). Major groups identified by the regulon matrix are listed on the right. (d) Batch information mapped on the tSNE from Fig.
1b. Embryos are indicated by colors, and developmental stages are indicated by shapes. (¢) Heatmaps showing enrichment of marker genes of each
major group. The color key from gray to brown indicates high to low P-value, respectively.



Expression b

Epitehlial cells Mesenchymal cells

NI | AT Organ NENNN [T Organ IR TN Organ
|

[0 "I 77N stage | I " N stage

Epitehlial cells

TF regulon activity
Mesenchymal cells

B S Organ Organ
W Il stage 1 M " Nstage B intestine

Prdm1_extended Nkx2-3 liver
Cdx2 Hoxc6 lung
Foxa1 Hix skin
Foxa3 Hoxb8
Hnf1b Hoxb6
Nr5a2_extended Cux1 Stage
Isx_extended Irf3 E9.5
Hnfla Foxf2
Zscan10 KIf10 E10.5
Hnf4a Maz E11.5
Onecut3 Wit1
Onecut1 Gata4 TF activity

Gatab A
Shox2 Active
KIf8_extended I Inactive
Rfx5

Hix. 1

Bcl6b_extended 2
Gatab

Tcf7i1 1
Thx4_extended i 0
Msc_extended 1
FoxI1
Tbx2_extended
Hoxa4_extended
Hoxat

Runx2

Tbx5

Hoxb1

Meis1

Alx4

Prrx1

Prrx2
Msx1_extended
Msx2_extended

Nr1h3

Ascl2

Kif12

Cdx1

Cebpa

Onecut2
Hif_extended
Bcel3
Tbx1_extended
Foxp2

Mecom

Etvs

Nkx2-1
Rfxap_extended
Tbp

Sox9
Hoxb3_extended
Hmga2

Dix2

Vadr
Egr4_extended
Trp63
Msx2_extended
Tead3 Fosb

Srebf2 Tbx15_extended
Tbx15_extended Alx3

KIf15 Zic3_extended
Zic4_extended

z-score

Fos

Enrichment terms using DEGs of Epi and Mes for each organ (coresponding to Fig.2B and 2C)
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Figure S2. Interaction between epithelial and mesenchymal cells sampled from intestine, liver, lung and skin

(a) Heatmap showing all DEGs in epithelial (left) and mesenchymal (right) cells sampled from intestine, liver, lung and skin. The color key from
purple to yellow indicates low to high gene expression, respectively. (b) Heatmap showing the top10 TFs in epithelial (left) and mesenchymal
(right) cells sampled from intestine, liver, lung and skin. The color key from blue to red indicates low to high TF activity, respectively. (¢) Heatmaps
showing enrichment of epithelial and mesenchymal cells in each organ. The color key from gray to brown indicates high to low P-value,
respectively.



b Adult liver Merge (with DAPI)

Figure S3. Immunostaining of Cdh1, Vim and Fn1 in E9.5 and adult liver
(a) Immunostaining for Cdhl and Vim in E9.5 liver. White arrow indicates potential co-expression of Cdhl and Vim. (b) Immunostaining for Fnl
in adult liver. Arrow 1 points to a representative cell with no staining of Fnl, while arrow 2 points to a representative cell with staining of Fnl.



Top 10 surface markers in DEGs between definitive V.S. primitive erythroid cells
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Top 10 transcript factors in DEGs between definitive V.S. primitive erythroid cells
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Figure S4. Comparison between definitive and primitive erythroid cells

(a) Violin plots showing the top 10 surface markers (top) and top10 TFs (bottom) among the DEGs between definitive between primitive erythroid
cells. Other hematopoietic cell clusters are also displayed. (b) The relative expression of Alas2 and Slc4al mapped on the t-SNE plot from Fig. 8a.
(c) Single cell gPCR validation of primitive and definitive erythroid cells. Alas2 and Slc4al were used to identify both primitive and definitive
erythroid cells. And Bclllal, Cd47, Cd24a identified in Fig. S4a were used to discriminate definitive erythroid cells from primitive erythroid cells.
Both Alas2 and Slc4al negative cells were regarded as negative control cells. Single cell number is displayed in the brackets. Mann-Whitney test
was used to test the difference between primitive and definitive erythroid cells. ** indicates p value <0.01 and ***indicates p value < 0.001. The
qPCR result showed that definitive erythroid cells were detected in E11.5 liver while primitive erythroid cells were detected in E10.5 brain tissue,
which is consistent with that of single-cell RNA-seq analysis.
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Figure SS5. Comparison between neuronal cells sampled from forebrain and hindbrain
(a) Heatmap showing the top 10 DEGs in each neuronal cluster. The color key from blue to red indicates low to high gene expression, respectively.
(b) Heatmap showing the top 20 DEGs between forebrain and hindbrain neuronal cells. (¢) Enrichment of DEGs between forebrain and hindbrain
neuronal cells.
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Figure S6. Expression patterns of cells sampled from heart
(a) Heatmap showing the top 10 DEGs in each heart cluster. The color key from blue to red indicates low to high gene expression, respectively.
(b) Violin plots showing the expression of selected markers between two subgroups of each cell type.



a C

. Aes DynliI1
somite_ MC 6 8
© Somite1® Somite2@® Somite3 @ Somite4 ® Somite5 , ’
3% esenchyma '{. 0 - 5
%2 %\ 3
3% d Lix1 Zmynd11
¢ % °/* Muscle cell . ix 6 'myn
Q,
)
0 : I *L
e o 0
=
< . s
© "~ Cell with skeletal o Hoxc9 6 Hoxa7
muscle cell features - 6
b S a" 4
O O S Stage |1° 3
Cluster B: = 0 0
il [RUINT B | gl;g ; || x
i4a < Neurod4 kap2
Lmep |10 Dt 6 % . 5 Skap
wsr
Fkbp3 4 5
Igf2bp1 =)
I| Srm S
| | hl L 1NN Prg L2 O = o —L—
Dpysi2 i Brain_NC Somite_NC Brain_NC Somite_NC
' II i | ,(__)mad1 o
0s
III III Ll g{réﬂ
g. Stage
o el Fosb 9 d H19 Igf2
[ 111 ler2 E09.5 6 6
1] ] Nipuip I Illi Ejg1r1 IE10.5
m | | il dunb E115 )
| | Jun —— 0
"h INRE] WA r || /_’4_tf31 Cluster
nnt i
[ WAL Caknto [ Somitet 6 Dusp6 6 Pcolce
| Tpm1 Somite2 R
ﬁggz Somite3 T
[0 Lrrn1 Somite4 o T
’gl))m224 Somite5 % 0 JE— 0
m.
LNl ROARIIN Anxa6 o
Cdh15 = Neurod4 Sp8
qlllml‘ Zfhx4 N 6 4
Prrx1 o
| | ] Igf1 S
Bdnf
h LIl ] Meox2 ) I 0
. Illﬂ 1 II Hoxd11
Col2at
| il Il Hoxat1os 8 Elavi4 8 Bthd17
Col3a1
H IIIIIII Ebf2 ’
| L Pax1
Hmga2

I“H“IIIII lll r IIHI Bcli1a U e — R
] Spred1 Somite_MC Somite_NC Somite_MC Somite_NC

-log10(P)

’ ‘ Enrichment of DEGs of Somite_NC vs Brain_NC or Somite_MC

R-MMU-422475: Axon guidance

GO0:0010001: glial cell differentiation

GO0:0061351: neural precursor cell proliferation

G0:0002009: morphogenesis of an epithelium

ko04330: Notch signaling pathway

G0:0007017: microtubule-based process

GO0:0021953: central nervous system neuron differentiation
G0:0060322: head development

G0:0003002: regionalization

G0:0120039: plasma membrane bounded cell projection morphogenesis
G0:0010721: negative regulation of cell development

GO0:0045165: cell fate commitment

GO0:0045664: regulation of neuron differentiation

G0:0008045: motor neuron axon guidance

GO0:0045638: negative regulation of myeloid cell differentiation
R-MMU-199991: Membrane Trafficking

R-MMU-77387: Insulin receptor recycling

G0:0051640: organelle localization

G0:0034643: establishment of mitochondrion localization, microtubule-mediated
G0:0021675: nerve development

L

DEGs of Somite_ NC DEGs of Somite_NC
vs Brain_NC vs Somite_MC

Figure S7. Expression patterns of cells sampled from somites

(a) Developmental pseudotime of somite cells inferred by Monocle2. Clusters are indicated by colors. (b) Heatmap showing the top 10 DEGs in
each somite cluster. (c) Violin plots showing the expression of selected markers between somite neuronal cells and brain neuronal cells. (d) Violin
plots showing the expression of selected markers between somite neuronal cells and somite mesenchymal cells. (¢) Heatmap showing enrichment
of DEGs of somite neuronal cells compared with brain neuronal cells.and mesenchymal cells. The color key from gray to brown indicates high to
low P-value, respectively.



	FigureS1_new
	FigureS2_new
	FigureS3_new
	FigureS4_new
	FigureS5_new
	FigureS6_new
	FigureS7_new

