Supplementary Information

Reconstitution of Pluripotency from Mouse Fibroblast

through Sall4 Overexpression

Supplementary information includes:

Supplementary Figure 1-16.
Supplementary Table 1. List of primer sequences for PCR, gRT-PCR and shRNA.
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Supplementary Fig.1 Small molecule screening for the determination of induction
medium that could driving SALL4 - mediated iPSCs reprogramming successfully

a. The number of OCT4-GFP* colonies on day 10 from 1.5%x10* MEFs infected with SALL4 in
iCDx plus small molecular compounds. n = 1 well from 1 independent experiments. b. Targets
of the small molecular compounds that could driving SALL4-iPSCs production. c.
Morphological diagram of the small molecular induced SALL4-iPSCs. Scale bars, 200um. The
experiments were repeated one times. d. The dosage effect of RepSox in driving
SALL4-iPSCs reprogramming. Data are mean + SD; n = 6 well from 3 independent
experiments. e. Heatmaps for the expression of ESCs specific genes and MEFs specific
genes for SALL4-iPSCs, ESCs and MEFs in RNA-seq data. f. The morphology of OCT4-GFP*
colonies induced by SALL4 from TTFs. Scale bars, 200um. The experiments were repeated
independently three times with similar results. g. The components of iCD1 medium and iCD4
medium. h. OCT4-GFP* colonies collects from the whole wells in 24 well plate shows the
OKS-mediated iPSCs induction efficiency using iCD4(remove Repsox) medium added with
small molecules in Supplementary Fig.1b. The experiments were repeated independently
three times with similar results. i. The histogram shows the iPSCs induction efficiency in
Supplementary Fig.1h. Data are mean + SD. n =6 well from 3 independent experiments.
**p=0.0093. j. OCT4-GFP* colonies collects from the whole wells in 24 well plate shows the
OKS+SALL4-mediated iPSCs induction efficiency using iCD4 medium at day6. The
experiments were repeated independently three times with similar results. k. Flow cytometry

was used to analyze the iPSCs induction efficiency in Supplementary Fig.1j.
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Supplementary Fig.2 The inhibition effect of SALL4-mutants in reprogramming

a. Schematic representation of the protein sequences showing the structure of the wildtype
SALL4 and SALL4 mutants. Color codes of ZFC1, ZFC2, ZFC3 and N12 are defined as
described in Figure. b. Western blot shows the overexpression of SALL4 mutants in MEFs. c.
The iPSCs induction efficiency at day10 using SALL4 mutants. Wildtype SALL4 as postive
control are shown. Data are mean+SD. n = 6 well from 3 independent experiments. WT
SALL4 versus SALL4 mutants, ***p = 0.0001689. d. Heatmaps for the level of NuRD
complex-associated protein enriched by wild-type SALL4 and SALL4 mutants in
reprogramming cells at day 2. e. Volcano plots of SALL4-WT enriched proteins of
reprogramming samples at day2. IP-MS experiments were performed in triplicates and a
two-sided t-test was applied. p.adjust=0.05 and fold change=2 were used as threshold. f. GO
analysis for SALL4-WT specific enriched proteins. Statistical analysis was performed using
Fisher's exact test, the -Log10(p value) for each term are shown. g. Morphological diagram for
the iPSCs induction process using SALL4-AN12. Scale bars, 200pm. The experiments were
repeated independently three times with similar results. h. The morphology of Passage 5
iPSCs colonies derived from MEFs by overexpressed SALL4-AN12 in iCD4. Scale bars,
200um. The experiments were repeated independently three times with similar results. i.
Immunofluorescence analysis of pluripotency markers in SALL4-AN12-iPSCs. Scale bars,
100um. The experiments were repeated independently three times with similar results. j. The
iPSCs colonies formation efficiency of OCT4-GFP* cells derived from SALL4-AN12 or

SALL4-WT condition.
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Supplementary Fig.3 The Thy1/Epcam®* subgroup in SALL4 system has the potential
to generate iPSCs

a. Flow cytometry was used to analyze the proportion of THY1-/EPCAM®* subgroup in SALL4
system at day0, day4, day7 and day10, respectively. b. FACS analysis of
OCT4-GFP*/EPCAM* cells at day10. c. Morphological diagram for the iPSCs generation at
day4 induced from the day7 THY1/EPCAM* subgroup in SALL4 system. Scale bars, 100um.
The experiments were repeated independently three times with similar results. d. The
OCT4-GFP* cells induction efficiency induced from subgroups classified by THY1 and EPCAM.
Data are mean + SD. Statistical analysis was performed using two-tailed, unpaired t test; n = 6
well from 3 independent experiments. THY1/EPCAM®* versus without FACS, **p = 0.0054460;
THY1/EPCAM* versus THY1/EPCAM-, ****p = 0.0000386; THY1/EPCAM* versus

THY1*/EPCAM", ***p = 0.0001510.
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Supplementary Fig.4 Transcriptome analysis in SALL4-iPSCs reprogramming process
a. SALL4-overexpressed reprogramming samples and DsRed-overexpressed control samples
were collected for RNA-seq, ATAC-seq and Cut&Tag. b. PCA analysis for RNA-seq data from
SALL4 or DsRed-mediated reprogramming process. RNA-seq data were collected from two
independent experiment. c. Heatmaps of differential expression gene analysis for RNA-seq
data from SALL4 and DsRed systems. The six subgroups (C1-C6) were based on the fold
change of gene expression between MEFs and ESCs: C1 (gene counts number (GCN) in
ESCs / GCN in MEFs 22); C2 (0.5 < GCN in ESCs / GCN in MEFs < 2); C3 (GCN in ESCs /
GCN in MEFs <0.5); C4 (GCN in ESCs / GCN in MEFs < 2); C5 (0.5 > GCN in ESCs / GCN in
MEFs > 2); and C6 (GCN in ESCs / GCN in MEFs = 0.5). d-g. GO analysis for genes
specifically up-regulated and down-regulated by SALL4 in c. Statistical analysis for GO was

performed using Fisher's exact test, the -Log10(p value) for each term are shown.
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Supplementary Fig.5 Cut&Tag analysis of SALL4 binding site during SALL4-mediated

iPSCs reprogramming

a. Heatmap of Cut&Tag at D4,7,10 from SALL4, showing all binding peaks centred on the
peak region within a 3 kb window around the peak. b. Heatmap of Cut&Tag at DO from
wide-type SALL4 (WT) and SALL4 mutants (AZFC1, AZFC2, AZFC3 and AN12), respectively.
Showing all binding peaks centred on the peak region within a 3 kb window around the peak. c.
Venn diagrams shows the overlapping numbers of day0 Cut&Tag peaks between WT-SALL4
and SALL4 mutants, respectively. d. De novo motif enrichment of SALL4-binding peaks.
Statistical analysis was performed using Karlin/Altschul statistics. Top 5 motifs on each day
ranked by -Log10(P-value) are shown, the left line (TF) of each chart shows proteins which
could binding sequences most similar to the motif enriched by SALL4-binding peaks. e.
RNA-seq shows the expression of representative genes in Fig.2e. DsRed, DsRed system.
SALL4, SALL4 system. Data are mean = SD. n = 2 samples for each time point from 2
independent experiments. f. The iPSCs induction efficiency using SALL4 overexpressing with
representative SALL4-binding peaks enriched-motifs related genes (Batf, Jun, Junb, Atf3, Fos,
Fosl1 and Fosl2). Data are mean + SD, Statistical analysis was performed using two-tailed,
unpaired t test; n = 6 well from 3 independent experiments. Sall4+DsRed versus Sall4+Batf,
***p = 0.0000622. g. Morphological diagram for the iPSCs induction process using Sall4
overexpressing with Batf or Jun, respectively. Scale bars, 200um. The experiments were
repeated independently three times with similar results. h. Western blot shows the absence of
BATF protein in MEFs and the sample of D7 during SALL4-reprogramming. D7 S4 oe MEFs,
D7 SALL4 overexpressed MEFs. i. Schematic representation of the protein sequences
showing the structure of the wildtype SALL4 and SALL4 mutants which added the BATF-DNA
binding domain. j. The number of OCT4-GFP* colonies on day 10 from 3 x10* MEFs infected
with SALL4 mutants in Supplementary Fig.5i. Data are mean = SD. Statistical analysis was
performed using two-tailed, unpaired t test; n = 6 well from 3 independent experiments. WT
SALL4 versus WT SALL4-B, ****p = 0.0000388; AZFC1 versus AZFC1-B, ****p = 0.0000063;
AZFC2 versus AZFC2-B, ***p = 0.0006027; k. Morphological diagram for the iPSCs induction
process using the SALL4 mutants in Supplementary Fig.5j. Scale bars, 200um. The

experiments were repeated independently three times with similar results.
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Supplementary Fig.6 The distribution and GO analysis of SALL4-ATAC-peaks in
genomic loci.

a. The histogram shows the overall number of the peaks for CO1-4 and OC1-4 subgroups of
SALL4 system and DsRed system. b. Genome distribution of the location for
SALL4-ATAC-seq close to open peaks(CO) and open to close peaks(OC) relative to the
nearest annotated genes. ¢-d. GO analysis for genes annotated by CO and OC peaks relative
to the nearest TSS loci. Statistical analysis was performed using Fisher's exact test, the adjust

p value for each term are shown.
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Supplementary Fig.7 The whole regulatory landscape analysis during SALL4-driven
reprogramming

a. Venn diagrams shows the overlapping numbers between SALL4 Cut&Tag peaks and
ATAC-seq peaks in SALL4 system at day0. b. SALL4 Cut&Tag peaks (C2 and C3) distribution
in ATAC CO and OC subgroups. c. The histogram shows the Number of the peaks in CO and
OC subgroups from ATAC-peaks overlap without Cut&Tag-peaks (C1). d. Top, GO analysis for
genes annotated by Cut&Tag peaks in Supplementary Fig.7b. Bottom, GO analysis for genes
annotated by ATAC peaks in Supplementary Fig.7c. Statistical analysis was performed using
Fisher's exact test, the adjust p value for each term are shown. e. Heatmaps shows the CADs
and SALL4-binding landscape during SALL4-driven reprogramming. The subgroups (CO and

OC) were based on the classification of SALL4-ATAC data as described in results.
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Supplementary Fig.8 Genes that promote iPSCs reprogramming are upregulated in
SALL4-mediated iPSCs induction

a. ATAC-seq data and Cut&Tag data shows the peaks of representative reprogramming
promoting genes and genomic loci. DsRed, DsRed system. SALL4, SALL4 system. b.
ATAC-seq data and Cut&Tag data shows the peaks of representative reprogramming barrier
genes and genomic loci. DsRed, DsRed system. SALL4, SALL4 system. c. RNA-seq data
shows the expression of representative genes in a. Data are mean = SD. n = 2 samples for
each time point from 2 independent experiments. DsRed, DsRed system. SALL4, SALL4
system. d. RNA-seq data shows the expression level of representative genes in b. Data are
mean * SD. n = 2 samples for each time point from 2 independent experiments. DsRed,
DsRed system. SALL4, SALL4 system. e. RT-gPCR showing the reduction of Tfap2c, Esrrb
and Rsk1 at mRNA level in the knockdown(shTfap2c) but not control(shLuc) cell line. The
relative expression levels are normalized to shLuc. Data are mean + SD; n = 3 biological
replicates. f. The number of OCT4-GFP* colonies on day 10 from 3 x10* MEFs infected with

SALL4 and different volume of Tfap2c retroviral supernatants in iCD4.
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Supplementary Fig.9 OCT4-iPSCs and O+S-iPSCs has pluripotency

a. gRT-PCR analysis of pluripotency markers in SALL4-iPSCs, OCT4-iPSCs and O+S-iPSCs.
Data are mean = SD; n = 3 biological replicates. O+S, OCT4+SALL4. b. Immunofluorescence
analysis of pluripotency markers in SALL4-iPSCs, OCT4-iPSCs and O+S-iPSCs. Scale bars,
200um. O+S, OCT4+SALL4. The experiments were repeated independently three times with
similar results. c¢. Correlation analysis for RNA-seq from SALL4-iPSCs OCT4-iPSCs,
0O+S-iPSCs, MEFs and ESCs. n = 2 biological replicates. O+S, OCT4+SALL4. d. Heatmaps
for the expression of Naive marker and MEFs specific genes in SALL4-iPSCs, OCT4-iPSCs,
0O+S-iPSCs, ESCs and MEFs in RNA-seq data. O4, OCT4. S4, SALL4. O+S, OCT4+SALLA4. e.
The three germ layers of a teratoma from OCT4-iPSCs and O+S-iPSCs. Endoderm, simple
cuboidal epithelium. Mesoderm, chondrocyte. Ectoderm, skin tissue. Scale bars, 100um. O+S,
OCT4+SALL4. The experiments were repeated independently three times with similar results.
f. Genomic insertion identification confirms the derivation of O4, S4 and O+S iPSCs colonies.
The presence of the retroviral transgene was examined by PCR. n = 2 biological replicates. O4,
OCT4. 84, SALL4. O+S, OCT4+SALL4. g. Exogenous gene silencing in OCT4-GFP* colonies.
MEFs overexpressed Sall4, Oct4 or Sall4+Oct4 were co-infected with DsRed, respectively.
Scale bars, 200um. The experiments were repeated independently three times with similar
results. h. qRT-PCR analysis of exogenous gene expression in iPSCs, MEFs and ESCs. Data
are mean + SD; n = 3 biological replicates. D0-S4-oe-MEFs, D0-Sall4-overexpression-MEFs.
S4, SALL4. O+S, OCT4+SALL4. i. The morphology of OCT4-GFP*cells induced by OCT4 or
SALL4+0OCT4 from TTFs. Scale bars, 200um. The experiments were repeated independently

three times with similar results.



a b @ DsRed @ OCT4 @ SALL4 ® OCT4+SALL4
1.DsRed —
2.0ct4 P10 Dgg WeD10.
3.Sall4 k2
4.0ct4+Sall4 .
X
Retrovirus ©
Infection n &
/ T 8® g
‘/ L 1 1 1 )
MEFs -D2 DO D4 D7 D10 iPSCs ESCs
| |
\—|—0| RNA-seq ATAC-seq |
PC1: 71%
c d
Cluster GO biological process and count -Log10(P-value) Cluster GO biological process and count -Log10(P-value)
multicellular organism development(58) 4.5053 cell adhesion(73) 17.796
cell differentiation(52) 3.6474 homophilic cell adhesion via plasma 14.858

a epithelial cell differentiation(10) 2.4544 la) membrane adhesion molecules(35) :

3 negative regulation of cell migration(12) 2.2046 O __ [ positive regulation of synapse assembly(19) 9.7254

o < |epithelial cell morphogenesis(5) 2.1683 @ & | regulation of presynapse assembly(14) 9.2070

6 8 regulation of transcription from 1.9969 O g | positive regulation of neuron 70699

S — | RNA polymerase Il promoter(65) . & projection development(25) .

N spermatogenesis(26) 1.9059 memory(18) 5.6926
cell proliferation(19) 1.7864 modulation of synaptic transmission(18) 5.0196
stem cell proliferation(6) 1.3394 nervous system development(36) 4.5833
neuron differentiation(14) 5.3184 extracellular matrix organization(13) 7.1391
multicellular organism development(29) 4.3474 negative regulation of neuron 43000

= cell differentiation(27) 4.0346 Q apoptotic process(10) .

¢ | neuron development(7) 3.8738 8 & | positive regulation of cell migration(11) 3.9112

® 2 [nervous system development(16) 3.8627 + & | positive regulation of endothelial 36676

o 8 phosphorylation(18) 3.1307 % Q | cell migration(6) :

8 ~ |intracellular signal transduction(12) 1.9073 (o] positive regulation of angiogenesis(8) 3.3046
neuron migration(6) 1.5148 positive regulation of fibroblast proliferation(6) 3.2353
regulation of transcription from 14114 inflammatory response(11) 2.6225
RNA polymerase |l promoter(27) i intracellular signal transduction(11) 2.2453
DNA methylation involved in gamete generation(6)] 5.6312 membrane raft assembly(3) 2.9179
piRNA metabolic process(6) 5.5171 endocytosis(7) 2.2852

=2 spermatogenesis(18) 4.0447 Qé_ —~ | prepulse inhibition(3) 2.0334

&3 |meiotic cell cycle(11) 3.7386 » & [ integrin-mediated signaling pathway(5) 2.0232

8 O [male meiosis I1(5) 3.3572 ®w 8 [cell-substrate adhesion(3) 1.8720

& 2 [stem cell population maintenance(6) 2.7770 O ~ [ hydrogen ion transmembrane transport(4) 1.8412

germ cell development(6) 2.5410 actin cytoskeleton reorganization(4) 1.8237
glutathione metabolic process(5) 2.2806 modulation of inhibitory postsynaptic potential(2) 1.8137
regulation of transcription from 2.0844

RNA polymerase |l promoter(30)

UC15:GO biological process and count i
p.adjust

of synaptic transmission, glutamatergic

n via plasma-membrane adhesion molecules

organization
re organization

0 20 40 60
Count




Supplementary Fig.10 Transcriptome analysis in SALL4, OCT4 and O+S- mediated
iPSCs reprogramming process

a. Diagram for RNA-seq and ATAC-seq data collecting during SALL4, OCT4 and
OCT4+SALL4 reprogramming process. b. PCA analysis for RNA-seq data from DsRed,
SALL4, OCT4 and O+S system. RNA-seq data were collected from two independent
experiment. DR, DsRed system. O4, OCT4 system. S4, SALL4 system. O+S, OCT4+SALL4
system. c. GO analysis for the clusters of genes in Fig.4e, which contains specific-upregulated
in O+S and O+S co-upregulated with SALL4 or OCT4, respectively. Statistical analysis was
performed using Fisher's exact test, the -Log10(p value) for each term are shown. O4, OCT4
system. S4, SALL4 system. O+S, OCT4+SALL4 system. C-up, common upregulated. sp-up,
specific upregulated. d. GO analysis for the clusters of genes in Fig.4f, which contains
specific-downregulated in O+S and O+S co-downregulated with SALL4 or OCT4, respectively.
Statistical analysis was performed using Fisher's exact test, the -Log10(p value) for each term
are shown. O4, OCT4 system. S4, SALL4 system. O+S, OCT4+SALL4 system. C-D, common
downregulated. sp-D, specific downregulated. e. GO analysis for the clusters of genes in
Fig.4e, which contains specific-upregulated in OCT4 system. Statistical analysis was

performed using Fisher's exact test, the adjust p value for each term are shown.
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Supplementary Fig.11 Single-cell RNA sequencing of SALL4 or OCT4+SALL4-driven
reprogramming process

a-b. UMAP plot for Single-cell RNA-seq data from SALL4-mediated reprogramming (a) and
OCT4+SALL4 reprogramming process (b). Each dot represents one cell. The sampling time
points are shown with color code. c-d. The expression of representative markers in
SALL4-mediated reprogramming (¢) and OCT4+SALL4 reprogramming process (d). e-f.
Monocle trajectories of reprogramming samples mediated by OCT4+SALL4 (e) and SALL4
alone (f) are depicted with color-coding representing reprogramming timepoints (left),
pseudotime (middle), and Nanog expression levels (right). Each data point represents an
individual cell, with the ordering of cells inferred based on the expression patterns of the most

variable genes across reprogramming samples.
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Supplementary Fig.12 Diverse Characteristics of Thy1/Epcam* Intermediates in
distinct Reprogramming processes

a-f. Heatmaps of differential expression gene analysis for scRNA-seq data from SALL4 system
(a), OCT4+SALL4 system (c) and OKS systems (e). The 6 subgroups (C1-C6) of differental
expression genes were based on gene expression between MEFs and THY1/EPCAM* cells.
GO analysis for each subgroup are shown (b, d and f). Statistical analysis for GO was
performed using Fisher's exact test, the -Log10(p value) for each term are shown. g. Venn
diagrams shows the number of differental expression genes of THY1/EPCAM* cells between

SALL4 system, OCT4+SALL4 system and OKS system.
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Supplementary Fig.13 SALL4 and OCT4 can regulate reprogramming-relative genes in
O+S-mediated iPSCs induction

a. The histogram shows the number of the peaks for CADs patterns. O+S/04-C-O,
OCT4+SALL4/OCT4-Common-open; 0O+S/04-C-C, OCT4+SALL4/OCT4-Common-close;
0+S/S4-C-0, OCT4+SALL4/ SALL4-Common-open; 0O+S/S4-C-C,
OCT4+SALL4/SALL4-Common-close; O+S-S-O, OCT4+SALL4 Specific-open; O+S-S-C,
OCT4+SALL4 Specific-close. b. Heatmaps of differential expression genes related to CADs
patterns for RNA-seq data from O+S system, SALL4 system and OCT4 system. ¢. Heatmaps
of CADs patterns corresponding to differential expression genes in Supplementary Fig.13b.
The differential transition peaks for each systems are shown. d. Representative Genomic loci
and genes for O+S-S-0O peaks, O+S/04-C-0O peaks, O+S-S-C peaks, O+S/S4-C-C peaks and
Cut&Tag-binding peaks. O4, OCT4. S4, SALL4. O+S, OCT4+SALL4; O+S/04-C-O,
OCT4+SALL4/ OCT4-Common-open; O+S/S4-C-C, OCT4+SALL4/SALL4-Common-close;
O+8-8-0O, OCT4+SALL4 Specific-open; O+S-S-C, OCT4+SALL4 Specific-close. e. RNA-seq
data shows the expression of representative genes in Supplementary Fig.13d. Data are mean
+ SD. n = 2 samples for each time point from 2 independent experiments. DsRed, DsRed
system. OCT4, OCT4 system. SALL4, SALL4 system. OCT4+SALL4, OCT4+SALL4 system. f.
The iPSCs induction efficiency using Sall4, Oct4 or Oct4+Sall4 overepressing with Tcf7, Lhx2
or Mndal. Data are mean = SD. Statistical analysis was performed using two-tailed, unpaired t
test; n = 6 well from 3 independent experiments. Sall4+DsRed versus Sall4+Tcf7, ***p =
0.0002964; Sall4+DsRed versus Sall4+Lhx2, ***p = 0.0003510; Sall4+DsRed versus
Sall4+Mndal, *p = 0.0328333; Oct4+DsRed versus Oct4+Tcf7, ns. p = 0.1189675;
Oct4+DsRed versus Oct4+Lhx2, ****p = 0.0000815; Oct4+DsRed versus Oct4+Mndal, n.s. p =
0.5497377;  Sall4+Oct4+DsRed  versus  Sall4+Oct4+Tcf7, *p =  0.0004947;
Sall4+0Oct4+DsRed versus Sall4+Oct4+Lhx2, **p = 0.0012187; Sall4+Oct4+DsRed versus
Sall4+0Oct4+Mndal, *p = 0.0134630. g. The expression levels for the representative
motif-related genes in Fig.5b. The TPM value of genes from RNA-seq data are shown. Data
are mean = SD. n = 2 samples for each time point from 2 independent experiments. DsRed,
DsRed system. OCT4, OCT4 system. SALL4, SALL4 system. OCT4+SALL4, OCT4+SALL4

system.
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Supplementary Fig.14 Cut&Tag analysis of SALL4/OCT4 binding site during O+S-
mediated iPSCs reprogramming

a. Heatmap of Cut&Tag data at DO from IgG, OCT4 and SALL4, respectively, showing all
binding peaks centred on the peak region within a 3 kb window around the peak. b. Genome
distribution of the location for SALL4 or OCT4-occupied peaks relative to the nearest
annotated gene. O+S, OCT4+SALL4. c. GO biological processes analysis for genes near the
OCT4-TSS loci binding peaks in OCT4 system (left). GO biological processes analysis for
genes near the SALL4 (middle) or OCT4 (right)-TSS loci binding peaks in OCT4+SALL4
system. Statistical analysis for GO was performed using Fisher's exact test, the adjust p value
for each term are shown. O+S, OCT4+SALL4. d. Venn diagrams shows the overlapping
numbers of SALL4 Cut&Tag peaks between SALL4 system and O+S system at day0. O+S,
OCT4+SALL4. e. Left, GO analysis for genes annotated by Cut&Tag peaks (C1) in
Supplementary Fig.14d. Right, GO analysis for genes annotated by Cut&Tag peaks (C2) in
Supplementary Fig.14d. Statistical analysis for GO was performed using Fisher's exact test,
the adjust p value for each term are shown. f. Top, Venn diagrams shows the overlapping
numbers between SALL4 binding peaks and OCT4 binding peaks in SALL4 system and OCT4
system. Middle, Venn diagrams shows the overlapping numbers between SALL4 binding
peaks and OCT4 binding peaks in O+S system. Bottom, Venn diagrams shows the changes of
common binding peaks between the predicted OCT4 and SALL4 common binding peaks (C3
cluster) and the real OCT4 and SALL4 common binding peaks (C4 cluster). g. Top, GO
analysis for genes annotated by Cut&Tag peaks (C5) in Supplementary Fig.14f. Bottom, GO
analysis for genes annotated by Cut&Tag peaks (C6) in Supplementary Fig.14f. Statistical
analysis for GO was performed using Fisher's exact test, the adjust p value for each term are
shown. h. Top, Genome distribution of the location for SALL4 and OCT4-common occupied
peaks (C5) in Supplementary Fig.14f relative to the nearest annotated gene. Bottom, Genome
distribution of the location for SALL4 and OCT4-common occupied peaks (C6) in
Supplementary Fig.14f relative to the nearest annotated gene. i. Venn diagrams shows the
overlapping numbers between SALL4 Cut&Tag peaks, OCT4 Cut&Tag peaks and ATAC-seq

peaks in O+S system at day0.
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Supplementary Fig.15 The functions of SALL4-downstream genes in reprogramming

a. Venn diagrams shows the overlapping numbers(C1 subgroup) between SALL4 specific up
genes(Fig.4e, UC16-18) and ATAC-CO genes in SALL4 system. The overlapping numbers
from the comparison of C1 subgroup genes with the SALL4 or OCT4-binding peaks related
genes in SALL4 and O+S system are shown in figure. O+S, OCT4+SALL4. b. Heatmap of
SALL4 or OCT4-binding peaks enrichment on C1 genes (Supplementary Fig.15a) in SALL4
system and O+S system, respectively. O+S, OCT4+SALL4. +, genes with binding peaks. -,
genes without binding peaks. ¢. Venn diagrams shows the overlapping numbers (C2 subgroup)
between OCT4 specific up genes (Fig.4e, UC13-15) and ATAC-CO genes in OCT4 system.
The overlapping numbers from the comparison of C2 subgroup genes with the SALL4 or
OCT4-binding peaks related genes in OCT4 and O+S system are shown in figure. O+S,
OCT4+SALL4. d. Heatmap of SALL4 or OCT4-binding peaks enrichment on C2 genes
(Supplementary Fig.15c) in OCT4 system and O+S system, respectively. O+S, OCT4+SALL4.
+, genes with binding peaks. -, genes without binding peaks. e-f. Heatmap of differential
expression gene analysis for day10 RNA-seq data from SALL4+OCT4+DsRed,
SALL4+OCT4+MOGAT2 and SALL4+OCT4+SBSN systems. The 4 subgroups were based on
the fold change of gene expression between DsRed and MOGAT2/SBSN. GO analysis for
each subgroup are shown. Statistical analysis for GO was performed using Fisher's exact test,

the -Log10(p value) for each term are shown.
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Supplementary Fig.16 SOX2 have a opposite effect in SALL4-reprogramming and
OCT4-reprogramming

a. Diagram for RNA-seq data collecting during Sox2 related reprogramming process. b. Venn
diagrams shows the number of differential expression genes in Sox2 related reprogramming
process. c. Left, GO analysis for genes specific-upregulated in SALL4+DsRed group (C1) in
Supplementary Fig.16b. Right, GO analysis for genes specific-downregulated in
SALL4+DsRed group (C3) in Supplementary Fig.16b. Statistical analysis for GO was
performed using Fisher's exact test, the -Log10(p value) for each term are shown. d. Heatmap
showing expression of master regulator genes for each of the three primary germ layers at
day7. DR, DsRed. e. RNA-seq data shows the expression of representative reprogramming
promoting genes in SALL4+DsRed and SALL4+SOX2 condition. n = 1 samples for each time
point from 1 independent experiments. f. Venn diagrams shows the overlapping genes
between SALL4 enriched proteins and SOX2-regulated differential expression genes in

Supplementary Fig.16b.



Supplementary Table 1. List of primer sequences for PCR, gRT-PCR and shRNA.

gPCR Primer (5'-3")

Endo-Oct4-F TAGGTGAGCCGTCTTTCCAC
Endo-Oct4-R GCTTAGCCAGGTTCGAGGAT
Endo-Sox2-F AGGGCTGGGAGAAAGAAGAG
Endo-Sox2-R CCGCGATTGTTGTGATTAGT
Endo-Sall4-F CGAAGGGGGCTAAAATTTCCCA
Endo-Sall4-R TGGCCCTCCTCCCAGTTGAT
Endo-Nanog-F AAATCCCTTCCCTCGCCATC
Endo-Nanog-R GCGTTCCCAGAATTCGATGC
Endo-Rex1-F CCCTCGACAGACTGACCCTAA
Endo-Rex1-R TCGGGGCTAATCTCACTTTCAT
Endo-Esrrb-F GGGATGCTGAAGGAAGGTGT
Endo-Esrrb-R TTAGCAGGTGGGGAAATCG
Endo-Nr5a2-F TCTGAGCCATGTAGCCTTGC
Endo-Nr5a2-R GGAAAGTGACCATAGGGTTGGTA
Exo-PF GGGTGGACCATCCTCTAGAC
Exo-Sall4-R GCAGTTCCCAGGGGAGTTCAC
Exo-Oct4-R AGCTGATTGGCGATGTGAGT

PCR Primer (5'-3")

Sall4-PF GGGTGGACCATCCTCTAGAC
Sall4-PR GATGGCTGGGTAGCCTCTGTC
Oct4-PF TTAAGGATCCATGGCTGGACACCTG
Oct4-PR TGGTACGCGTGTTTGAATGCATGGG
ShRNA (5-3")

shTfap2c-1 GCACTTGCTCCTACACGATCA
shTfap2c-2 GCGGTGGCTGACTATTTAACG
shEsrrb-1 GATTCGATGTACATTGAGA
shEsrrb-2 GGATGGAGATTCTCATCTTGG
shRsk1-1 GCTCTATCTTATTCTGGACTT

shRsk1-2 CTACATACTCTGCTCTCAATA




