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Figures and figure supplements

Single-cell atlas of early chick development reveals gradual segregation of neural
crest lineage from the neural plate border during neurulation

Ruth M Williams et al
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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 HHé. (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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Figure 1—figure supplement 1 continued

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.

Williams et al. eLife 2022;11:e74464. DOI: https://doi.org/10.7554/eLife.74464 4 of 14



ELlfe Developmental Biology

Mesoderm Prolif Endo. S(vcak NP_Node NNE CV

nFeature nCount percent

RNA RNA | il O S ol H\\ \
5000 ‘ 100 o F‘:M“‘:‘ :“ “\‘\“‘\‘\“IW\ ”"I"I”:“”"‘“‘“I““:“"‘:”‘ AR ”H “u‘umu
LR “ “ H‘ N ' /i
A

L
| | | ‘ “
I “

,Jp.'.u‘
& B0

3000 2000

2000

1000

T [ ‘*.Wil

Hes5 Msx1
Sox3 _ ¢ Bmp4
{r?
- o HHIHHH
it ’; il A e
I MMMWW T H‘
FoxD3 Otx2 ke u | Ik \umu ‘ ' \u Wl
Ednrb “. Gbx2 i | “‘ \“‘
: TR ‘m‘u [
immui
Wl 1 “HH" R LR AR | ‘H‘IM W“\I\ ”\‘ ‘\'\‘\“\‘
A ‘\H 1 \‘“\‘ \‘l‘“‘\‘l‘lmw‘u ‘ \Hu‘ ali
{ [ 1
Sox2 Pd fA ! ! | I I M
Six3 Gata3 | |‘u\‘\|\|mw‘\ i
» \u‘i \‘m i “\H“ “\‘ Al o oy
il
‘\‘\\””‘HH\ I\\I‘
.‘ ..:_; 1l i ‘H“\HHM‘}‘LIH‘\ AR T \‘:‘ ‘
D nFeature nCount percent Post.LPM  Mesenchyme ParaAx.Meso Neuralplate NP/tube Endo. Meso Meso Node NNE LPM
RNA RNA W™ -nﬂﬂ
[
20000 075 | ﬂ " | 1y
‘\ \‘M\\\‘ \'\m‘ I‘”‘ H”\”‘ | ‘H Il ‘\‘h ‘l‘l‘ ‘\" H\HHM 1 :‘
)\H“II’H“\\\I\I W”'u“"”””””” “ i ‘\“ \‘h“ “\' :w:!m‘:‘\‘ H‘ I
0.50 [ ‘

10000

b

o iDH_ I | LTI | IH MI‘MVW‘ | N"“i | ‘ “\ I‘\ i

‘\‘I \: \‘\: ‘\ \‘ I V.(\W \N\ 1l \:Hluﬁw‘nmn
s, Zeb2
Y Zic1
e : - B LR [
Y H\U\:\‘\‘II‘ \!\h\‘\iw:\vu‘ f ‘w”‘ ‘ "” |
Zfhx4 Otx2 it | “ il I il H‘”
Paxé Sox3 o1 A | ik
) & uu‘u\m‘: 1 “‘ Ly
= ! uuu !
wwm
Draxiny Thxt Y il HHI” uu‘”\”\”\‘ i, WH u\u‘u iy \‘m”n}
- g ) \‘\“”‘ f ‘\“'\W\ iR ‘\‘J\I\‘:‘
S

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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Figure 1—figure supplement 2 continued

from HHé. (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.

Williams et al. eLife 2022;11:e74464. DOI: https://doi.org/10.7554/eLife.74464 6 of 14



ELlfe Tools and resources Developmental Biology

A |Neuralplate HH5-Cl4  C|Caudal neural HH6-CI8+Cl10  E HH7-CI3+CI9
Otx2 " : Msx1 e . Neural plate border ;
Sox2 . o e e e . Pax7
sox21% .. Caudal neural \F/{\/ensté)A/B . oo+ . . Non-neural Tfap2a
2 N Gbx2 ML I SN " ectoderm DIx5 Caudal |
.o HoxB1 L Tfap2a Bmp4 auda neh;Jrar
2 T Dix5 25 T N
) Peal 0 Znf703
ey T BMP4
. . cee e o Sixl
. o co . "Gata2/3
0 L o s L0 oo N
. ',' ° . o © . ol
0 . . .o . e 2
et . 2 ®3
o- . -. - .4
DT B -Mid-neural
Y Rostral Lmo1
. -25 neural * Sox21
-2 . -2 . Six3 Frzb
Non-neural.s « .° « .3 = o R Dix2 Cyp26al
ectoderm * ~ ° o v L .
Thap2a . . +“"Neural plate Otx2 _Notochord
Tfap2c g}txg . progenitors
DIx5 % -5.0 FoxD3
— . Six3 Shh
—4| 664 cells 373 cells 1077 cells Chrd
=25 0.0 2.5 -4 -2 0 2 4 -3 0 3
Tfap2A.....
", x,\.:,. e

.
oy

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-CI8 and HH6-CI10. (D) Feature plots
of selected genes in HHé subclusters. (E) UMAP plot depicting five clusters resolved from HH7-CI3 and HH7-CI9. (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 HHé 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.
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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 Ast/ 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 Grhi3 and Irf6 in HHé data. (F) Whole
mount HCR shows co-expression of GrhlI3 and Irfé 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 Irfé 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 LmoT 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 DIxé and Sp8in HHé subclusters. (B) Whole
mount HCR shows co-expression of DIx6 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 DIx6 and Sp8 with neural plate
border marker Tfap2A at HH8- (C) and HH? (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. (l) Feature plots of Znf703 and
Gbx2 in HHé6 subclusters. (J) Whole mount HCR shows co-expression of Znf703 and Gbx2 with neural plate border marker Msx1 at HHé. (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.
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