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Figure  S1. Open  chromatin profiling  during  the  ESC  to  EpiLC  transition. Related  to  Figure  1.  (A) 

Scatter  plots  of  ATAC‐seq  data  from  two  independent  biology  repeats  (R1  and  R2)  from  ESCs, 

d1EpiLCs and d2EpiLCs. The numbers of reads from the R1 and R2 repeats at each time point were 

determined in a consolidated peak set from all time points (362,008 peaks). R2 values are shown. (B 

and C) Heat maps of the ATAC‐seq profiles across a 10 kb window of promoter regions (‐2 to +0.5 kb 

relative to the TSS)(B) and intragenic regions (C) showing >2 fold (promoters) or >2.5 fold (intragenic 

regions) change in accessibility between any two conditions (right). Average tag densities of each of 

four  identified clusters (middle; blue=ESC, orange=d1EpiLCs, red=d2EpilCs) and average tag density 

profiles  (z  scored and medians  [red] and  standard deviation  [grey]  shown) across  the  time course 

(left) are  shown.  (D and E) Scatter plots comparing ATAC‐seq  signals  from  individual peaks  to  the 

RNA‐seq  signals  associated  with  their  associated  genes.  Data  are  plotted  as  log2  fold  change 

between  two  conditions  (blue  for  d1EpiLCs  versus  ESCs  and  orange  for  d2EpiLCs  versus  ESCs). 

Promoter‐located  ATAC‐seq  peaks  (D)  or  intergenic  located  ATAC‐seq  peaks  (E)  were  analysed. 

ATAC‐peaks showing differentially accessibility between any two time points were assigned to 8659 

differentially expressed genes (defined as >1.5 fold change between any time point) by 1 bp overlap 

with  their TSS  (for promoter‐located ATAC‐seq peaks) or by  first  locating  the  closest differentially 

changing ATAC‐seq peak at a promoter and  then  identifying  the associated gene by 1 bp overlap 

with  a  TSS  (for  intergenic‐located ATAC‐seq  peaks).  The  total  number  of ATAC‐seq  peak  pairs  to 

promoters  (pro)  and  genes  is  indicated.  Pearson’s  correlations  are  0.428  (d1EpiLC)  and 

0.502(d2EpiLC) (D), 0.424(d1EpiLC) and 0.538(d2EpiLC) (E). (F and G) Enrichment of genes associated 

with each ATAC‐seq peaks cluster, (F; promoter and G;  intergenic)(illustrated on the  left), and each 

gene  expression  based  cluster  (illustrated  on  the  bottom).  These  enrichments  are  calculated  at 

different peak‐to‐gene genomic distances (+/‐ 10, 25, 50, 100, 125, 150, 200 and 250 kb; increasing 

distances  illustrated  by  a  triangle).  The  colours  represent  the  p‐values  calculated  from  a 

hypergeometric model. 
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Figure S2. Gene ontology analysis of genes associated with clusters of dynamically changing ATAC‐

seq  peaks.  Related  to  Figure  1.  (A‐D)  Gene  ontology  analysis  of  genes  associated  with  the 

dynamically  changing  intergenic ATAC‐seq peaks  from  clusters  1‐4  (shown  as  insets;  see  Fig. 1B). 

Enriched  terms  associated  with  the  biological  process  subcategory  are  shown.  (E  and  F)  UCSC 

genome browser  views of  the ATAC‐seq profiles  around  representative  gene  loci  associated with 

cluster  3  (L3mbtl3;  E)  and  cluster  4  (Nodal;  F)  intergenic  peaks. Dynamically  changing  peaks  are 

boxed. 
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Figure S5. Dynamically changing chromatin accessibility around transcription factor binding motifs in
d2EpiLCs. Related to Figure 1. (A) BagFoot analysis of the open intergenic chromatin regions in ESCs and
d2EpiLCs. Motifs showing significant changes in either local accessibility and/or footprint depth are labelled.
Non‐significant regions are shown in the dark (bag) or light (fence) blue shaded regions. (B) Expanded
version of the top right quadrant from (B). (C) Average tag densities in a 100 bp window surrounding the
ZIC3 binding (top) or OTX2 (bottom) binding motifs in all peaks in ESCs (blue) or d2EpilCs (red) are shown.
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Figure S6. Immunofluorescence detection of ZIC3 in the nucleus. Related to Figure 2. ZIC3 protein was
detected by immunofluorescence in d1EpiLCs (A and B) and d2 EpiLCs (C and D). Nuclei were identified by
DAPI staining. Four representative fields are shown for each timepoint, with either 20x (A and C) or 40x (B
and D) magnification. All cells contain nuclear ZIC3.
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Figure S7. ChIP‐seq analysis of ZIC3 binding to chromatin in ESCs and d1EpiLCs. Related to Figure 3.  

(A)  Scatter  plots  of  the  replicate  ZIC3  ChIP‐seq  experiments  performed  in  the  indicated  cell 

populations. Data are plotted based on the 4,724 high confidence ZIC3 binding regions in d1EpiLCs. 

Correlation  coefficients  (R2)  are  indicated.  (B)  PCA  analysis  of  the  replicate  ZIC3  ChIP‐seq 

experiments performed in the indicated cell populations. (C) Heat map of the ZIC3 ChIP‐seq profiles 

across a 5 kb window  in each of  the  indicated cell populations  (left). The corresponding ATAC‐seq 

signals at each ZIC3 binding region are shown on the right. Data are ranked according to ZIC3 ChIP‐

seq signals in d1EpiLCs. (D) Average tag densities in a 5 kb window around all ZIC3 peaks (blue=ESC, 

orange=d1EpiLCs,  red=d2EpilCs)  for  ZIC3  ChIP‐seq  signal  (left)  or  ATAC‐seq  signal  (right).  (E‐G) 

Average ATAC‐seq tag densities in a 80 bp window surrounding the ZIC3 motif (bottom) in; (E) peaks 

partitioned  according  to  their  presence  in  d1EpiLCs  (left),  peaks  found  in  d1EpiLCs  but  not  ESCs 

(middle) or peaks found in d1ESCs but neither ESCs nor d2EpiLCs (right); (F) all ZIC3 ChIP‐seq binding 

regions  from  clusters 1‐4  in  Fig. 3D;  (G) ZIC3 binding  regions  from  clusters  c2  (left), or  cluster  c4 

(right)(clusters defined  in  Fig. 3D). ATAC‐seq  tags  from ESCs  (blue), d1EpiLCs  (orange) or d2EpilCs 

(red) are shown. (H) UCSC genome browser views of the ATAC‐seq (top), ZIC3 ChIP‐seq (middle) and 

RNA‐seq  (plus/minus  siZic3; bottom) profiles around  the entire Grhl2  locus. Dynamically  changing 

ZIC3 binding peaks are boxed. 
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Figure S8. Properties of ZIC3‐regulated genes. Related to Figures 4 and 5. (A and B) siRNA‐mediated
depletion of ZIC3. Levels of Zic3 mRNA in d1EPiLCs and d2EpiLCs were measured by RT‐qPCR (n=3) (A) and
ZIC3 protein by western blot analysis (B). RT‐qPCR data are shown relative to Zic3 levels in d2EpiLCs treated
with non‐targeting control (‐). ERK2 protein levels are shown as a loading control. The asterisk represents a
cross reacting non‐specific band. The protein expression data are quantified in the graph below and the fold
change in expression caused by Zic3 depletion is indicated. (C) Gene ontology analysis of ZIC3‐regulated
genes for the KEGG pathways. (D) Boxplot showing the overall changes in expression of genes directly bound
by ZIC3 following Zic3 depletion with siRNA in d1EpiLCs. The total number of genes going down (ie activated
by ZIC3) and going up (ie repressed by ZIC3) is indicated above the graph. (E) UCSC genome browser views of
the ZIC3 ChIP‐seq (top) and RNA‐seq (bottom) profiles around the Wt1 locus. The major ZIC3 binding peak is
boxed. (F) t‐SNE analysis of scRNA‐seq data from mouse embryos (Mohammed et al., 2017) using the HVGs
from all of the scRNAseq data (left) or the 135 directly activated ZIC3 target genes (right). The colour coding
from the HVG‐derived t‐SNE analysis and the cluster comprised of E4.5 cells is circled.



B

Matthew’s correlation clustered by first PC 

ESC d1EpiLC d2EpiLC

J
a

c
c

a
rd

S
im

il
a

ri
ty

0.6

0.4

0.2

0

A

Figure S9. Co‐expression analysis of ZIC3 activated transcription factors and phenotypic outcome of Zic3
depletion. Related to Figure 6. (A) Jaccard’s similarity score for each of the indicated ZIC3 activated target
genes (in black font) to each other in ESCs (blue), d1EpiLCs (orange) and d2EpiLCs (Red). Black lines
represent the median similarity scores. Only 31 target genes that encode transcription factors were
included in this cross‐comparison. The majority of genes exhibit higher similarity scores in d1EpiLCs which
is often maintained in d2EpiLCs. (B) Matthew’s correlation plots of the co‐expression of the indicated
transcription factor‐encoding ZIC3 activated genes in ESCs (left), d1EpiLCs (middle) and d2EpilCs (right).
The location of Zic3 is highlighted with an arrow. (C and D) ESC clonogenicity assay. (C) Alkaline
phosphatase‐positive colonies were detected in ESCs grown in EpiLC differentiation media for 15 hours
and returned to 2i/LIF medium. Cells were treated with either control siRNAs (top) or siRNAs targeting
Zic3 (bottom). (D) Quantification of the experiments showing individual data points from four
independent experiments.
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