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Figure 1. Single-cell RNA-seq of avian epiblast from HH4 through HH7. (A) Tfap2A expression at HH4, detected by HCR. (B) UMAP plot depicting five 
clusters resolved from 2064 epiblast cells at HH4. (C) Feature plots of selected genes in HH4 clusters. (D) Pax7 and Tfap2A expression at HH5 detected 
by HCR. (E) UMAP plot depicting eight clusters resolved from 6363 cells from dissected neural plate border regions at HH5, black dotted region in 
(D). (F) Feature plots of selected genes in HH5 clusters. (G) Pax7 and Tfap2A expression at HH6 detected by HCR. (H) UMAP plot depicting 12 clusters 
resolved from 4294 epiblast cells at HH6. (I) Feature plots of selected genes in HH6 clusters. (J) Pax7 and Tfap2A expression at HH7 detected by HCR. 
(K) UMAP plot depicting 11 clusters resolved from 4000 epiblast cells at HH7. (L) Feature plots of selected genes in HH7 clusters.
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Figure 1—figure supplement 1. Quality control and supporting data for HH4 and HH5 10 X data. (A) Violin plots 
showing RNA features, counts and percentage of mitochondrial reads per cell from HH4 data. Cells were filtered 
to exclude those with <500 and > 3500 features (genes) and >0.5% mitochondrial gene content. (B) Feature plots 
of selected genes in HH4 clusters. (C) Heatmap depicting top 10 differentially expressed genes across each cluster 

Figure 1—figure supplement 1 continued on next page
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from HH4. (D) Violin plots showing RNA features, counts and percentage of mitochondrial reads per cell from 
HH5 data. Cells were filtered to exclude those with <500 and > 5500 features (genes) and >0.5% mitochondrial 
gene content. (E) Feature plots of selected genes in HH5 subclusters. (F) Heatmap depicting top 10 differentially 
expressed genes across each cluster from HH5.

Figure 1—figure supplement 1 continued
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Figure 1—figure supplement 2. Quality control and supporting data for HH6 and HH7 10 X data. (A) Violin plots 
showing RNA features, counts and percentage of mitochondrial reads per cell from HH6 data. Cells were filtered 
to exclude those with <500 and > 5000 features (genes) and >0.5% mitochondrial gene content. (B) Feature plots 
of selected genes in HH6 clusters. (C) Heatmap depicting top 10 differentially expressed genes across each cluster 

Figure 1—figure supplement 2 continued on next page
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from HH6. (D) Violin plots showing RNA features, counts and percentage of mitochondrial reads per cell from HH7 
data. Cells were filtered to exclude those with <500 and > 4000 features (genes) and >0.5% mitochondrial gene 
content. (E) Feature plots of selected genes in HH7 clusters. (F) Heatmap depicting top 10 differentially expressed 
genes across each cluster from HH7.

Figure 1—figure supplement 2 continued
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Figure 2. Subclustering ectoderm clusters extracted from whole epiblast data. (A) UMAP plot depicting three clusters resolved from HH5-Cl4. 
(B) Feature plots of selected genes in HH5 subclusters. (C) UMAP plot depicting three clusters resolved from HH6-Cl8 and HH6-Cl10. (D) Feature plots 
of selected genes in HH6 subclusters. (E) UMAP plot depicting five clusters resolved from HH7-Cl3 and HH7-Cl9. (F) Feature plots of selected genes in 
HH7 subclusters.
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Figure 2—figure supplement 1. Supporting data for subclustering HH5, HH6, and HH7 ectoderm clusters. (A) Heatmap depicting top 20 differentially 
expressed genes across HH5 subclusters. (B) Feature plots of selected genes in HH5 subclusters. (C) Heatmap depicting top 20 differentially expressed 
genes across HH6 subclusters, (D) Feature plots of selected genes in HH6 subclusters. (E) Heatmap depicting top 20 differentially expressed genes 
across HH7 subclusters. (F) Feature plots of selected genes in HH7 subclusters.



 ﻿Tools and resources﻿﻿﻿﻿﻿ Developmental Biology

Williams et al. eLife 2022;11:e74464. DOI: https://doi.org/10.7554/eLife.74464 � 9 of 14

Figure 3. HCR validation of novel genes identified from whole epiblast data. (A) Feature plots of Ing5 and Astl in HH4 data. (B) Whole mount HCR 
shows co-expression of Ing5 and Astl with neural plate border marker Tfap2A at HH5. (B’) Transverse cryosection of (B) (dashed line). Dashed boxed 
region shown at high magnification in right panel. (C–D) Whole mount HCR shows co-expression of Ing5 and Astl with neural plate border marker 
Tfap2A at HH8- (C) and HH8 (D). (C’-D’) Transverse cryosections of (C) and (D), respectively. (E) Feature plots of Grhl3 and Irf6 in HH6 data. (F) Whole 
mount HCR shows co-expression of Grhl3 and Irf6 with neural plate border marker Tfap2A at HH8-. (F’) Transverse cryosection of (F) (dashed line). 
Dashed boxed region shown at high magnification in right panel. (G–H) Whole mount HCR shows co-expression of Grhl3 and Irf6 with neural plate 
border marker Tfap2A at HH8+ (G) and HH9+ (H). (G’-H’) Transverse cryosections of (G) and (H), respectively.
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Figure 3—figure supplement 1. HCR validation of selected genes. (A) Whole mount HCR shows co-expression of 
Astl and Ing5 with neural plate border marker Tfap2A at stages HH4, HH6, HH10. (B) Feature plots of Astl and Ing5 
across whole epiblast data sets at stages HH5, HH6, and HH7. (C) Whole mount HCR shows co-expression of Nav2 
and Sox21 at stages HH7, HH8, and HH9. (D) Feature plots of Nav2 across whole epiblast data sets. (E) Whole 
mount HCR shows co-expression of Grhl3, Irf6 and Tfap2A at HH7. (F) Whole mount HCR shows co-expression of 
FezF2 and Otx2 with neural plate border markers Tfap2A at stages HH7, HH8, and HH10. (G) Whole mount HCR 
shows co-expression of Lmo1 and Sp8 with neural plate border markers Tfap2A at stages HH6, HH7, and HH8.
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Figure 4. HCR validation of novel genes identified from extracted ectoderm clusters. (A) Feature plots of Dlx6 and Sp8 in HH6 subclusters. (B) Whole 
mount HCR shows co-expression of Dlx6 and Sp8 with neural plate border marker Tfap2A at HH7. (B’) Transverse cryosection of (B) (dashed line). 
Dashed boxed region shown at high magnification in right panel. (C–D) Whole mount HCR shows co-expression of Dlx6 and Sp8 with neural plate 
border marker Tfap2A at HH8- (C) and HH9 (D). (C’-D’) Transverse cryosections of (C) and (D), respectively. (E) Feature plots of Sp5 and Msx1 in HH6 
subclusters. (F) Whole mount HCR shows co-expression of Sp5 with neural plate border markers Msx1 and Pax7 at HH7. (F’) Transverse cryosection of 
(E) (dashed line). Dashed boxed region shown at high magnification in right panel. (G–H) Whole mount HCR shows co-expression of Sp5 with neural 
plate border markers Msx1 and Pax7 at HH8 (G) and HH9 (H). (G’-H’) Transverse cryosections of (G) and (H) respectively. (I) Feature plots of Znf703 and 
Gbx2 in HH6 subclusters. (J) Whole mount HCR shows co-expression of Znf703 and Gbx2 with neural plate border marker Msx1 at HH6. (J’) Transverse 
cryosection of (J) (dashed line). Dashed boxed region shown at high magnification in right panel. (K–L) Whole mount HCR shows co-expression of 
Znf703 and Gbx2 with neural plate border marker Msx1 at HH7 (K) and HH8 (L). (K’-L’) Transverse cryosections of (K) and (L) respectively. Op; otic 
placode.
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Figure 5. Developmental trajectory predictions from the neural plate border to premigratory neural crest. (A) UMAP embedding of ectoderm clusters 
combined with premigratory neural crest data showing predicted trajectories. (B) Colocalization of selected genes across the combined data set. 
(C) UMAP embedding of HH7 ectoderm clusters combined with premigratory neural crest data showing predicted trajectories. (D) Colocalization of 
selected genes across HH7/premigratory neural crest combined data set. (E) Latent time data from HH7/premigratory neural crest combined data-set. 
Scale represents oldest (0, blue) to newest cells (1, red). (F) Phase portraits (top row) colors correlate with those in A/C, velocity plots (middle row) and 
expression plots (bottom row) of selected genes across the HH7/ premigratory neural crest combined data sets. NC; neural crest.
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Figure 5—figure supplement 1. Supporting data for combined data set scVelo analysis. (A) UMAP embedding of clusters from all combined data sets 
showing stages. (B–C) Feature plots of selected genes in combined dataset. (D) UMAP embedding of clusters from HH7 and HH8 combined data sets 
showing stages. (E) Phase portraits (top row), colors correlate with those in Figure 5A/C. Velocity plots (middle row) and expression plots (bottom row) 
of selected genes across the HH7/premigratory NC combined data sets.
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Figure 5—figure supplement 2. scVelo analysis at individual time points. (A) UMAP embedding of clusters from whole epiblast data at HH4 showing 
scVelo predicted trajectories. (B) UMAP embedding of clusters from whole epiblast data at HH5 showing scVelo predicted trajectories. (C) UMAP 
embedding of clusters from whole epiblast data at HH6 showing scVelo predicted trajectories (D) UMAP embedding of clusters from whole epiblast 
data at HH7 showing predicted trajectories. (E) UMAP embedding of subclusters from HH5 ectoderm cluster (HH5-Cl4) showing scVelo predicted 
trajectories. (F) UMAP embedding of extracted ectoderm subclusters from HH6 showing predicted trajectories. (G) UMAP embedding of extracted 
ectoderm subclusters from HH7 showing predicted trajectories.


