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Supplementary Figures



 

Supplementary Fig. 1: Analytical pipeline and characterization of the human fetal lung. 
A: Computational pipeline for single-cell RNA sequencing analysis.  Graphical image was 
created with Biorender.com. 
B: Clustree analysis to determine the number of cell clusters. We selected the resolution in 
which the number of cell clusters would not yield “overlapping” subpopulations.  
C: Integrated UMAP projections of all four datasets of human fetal lungs (He et al., 2022, Cao 
et al., 2023, Sountoulidis et al., 2023, and our dataset) with each dataset shown in different 
colours.  
D, E: Clustree analysis performed on GW15 and GW18 Xenium dataset to determine 
clustering resolution of 0.05.  
F, H: UMAP projection of 9 and 7 unique cell types from GW15 and GW18 Xenium dataset, 
respectively.   
G, I: Dotplot of DEGs average expression from each cell type.  
J, K: ImageDimPlot showing spatial distribution of cell type in GW15 and G18 fetal lung 
tissue. Cell types are coloured based on the legend in respective UMAPs. 
Identity numbers in G and I indicate cell type as in F and H, respectively. 
Source data are provided as a Source Data file.
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Supplementary Fig. 2: Comparison to recently published fetal lung datasets. 
A: MapQuery analysis using He et al. (2022) dataset as the reference map to identify cell 
subtypes common with our dataset. 
B: MapQuery analysis using Sountoulidis et al. (2023) dataset as the reference map to identify 
cell subtypes common with our dataset. 
C: MapQuery analysis using Cao et al. (2023) dataset as the reference map to identify cell 
subtypes common with our dataset.
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Supplementary Fig. 3: Co-development of the fetal pulmonary endothelium. 
A: UMAP visualization of the fetal endothelial subtypes.  
B: Gene expression heatmap of DEGs representing each endothelial subtype. 
C: Proportion of the endothelial cell types across GW. 
D: Dotplot measuring regulon activity of the top differentially expressed transcription factors 
(TF) genes based on regulon specificity score (RSS) via SCENIC.  
E: UMAP projection of inferred LatentVelo velocities (arrows) and E’: LatentVelo latent 
times. UMAP coloured by pseudotime, dark blue to yellow. 
F: PAGA using LatentVelo velocities (arrows). Line thickness indicates inferred transition 
strength.  
G: Slingshot trajectory analysis using a root at Cycling early capillaries, as identified by 
LatentVelo. Trajectories to gCaps and aerocytes are identified. Trajectory heatmaps indicate 
the progression of cell types and significantly varying genes along the trajectories.  
H: Spatial localization of STC1 and THY1 associated with gCaps and aerocytes respectively in 
GW 15 (left) and 18 (right) tissues. Endothelial markers CA4 and KDR is also shown for 
additional context. 
Colors in B, E, and F indicates cell type as in A. 
Source data are provided as a Source Data file.
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Supplementary Fig. 4: Novel alveolar macrophage lineage trajectories identified in the 
fetal lung. 
A: UMAP visualization of the fetal immune cell subtypes. 
B: Proportion of the immune cell types across GW.  
C: Gene expression heatmap of DEGs representing each immune cell subtype.  
D: Gene ontology terms enriched for each of the major immune cell subtypes. 
E: Dotplot measuring regulon activity of the top differentially expressed transcription factors 
(TF) genes based on regulon specificity score (RSS) via SCENIC. Numbers indicate cell type 
as in A. 
F: Xenium spatial analysis of CD86, CD68, FCN1, and CSTA in GW15 (left) and 18 (right) 
tissues. 
G: UMAP projection of inferred LatentVelo velocities (arrows) and G’: LatentVelo latent 
times. UMAP coloured by pseudotime, dark blue to yellow. 
H: PAGA using LatentVelo velocities (arrows). Line thickness indicates inferred transition 
strength.  
I: Slingshot trajectory analysis using a root at Monocyte/Macrophage precursor cells, as 
identified by LatentVelo. Trajectories to aM1, and Monocyte 1 and 2 are identified. Using a 
root at B cells, a trajectory is inferred to Plasma cells. Trajectory heatmaps indicate the 
progression of cell types and significantly varying genes along the trajectories. 
Colors in B, top bar in C, G, H indicate cell type as in A. 
Numbers in C, and E indicate cell type as in A. 
Source data are provided as a Source Data file.
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Supplementary Fig. 5: Comparison of our dataset with existing human adult lung and 
mouse embryonic lung single cell RNA sequencing datasets. 
A: MapQuery analysis using our dataset as the reference map to identify cell types common in 
adult lung tissues. Adult lung dataset was obtained from Sikkema et al., 2023.  
B: Reverse query analysis using the HCA cell atlas (Sikkema et al., 2023) as the reference map 
to identify cell types common to our dataset.  
C: MapQuery analysis using our dataset as the reference map to identify cell subtypes common 
in mouse embryonic lung tissues. Mouse embryonic lung (e12 and e15). dataset was obtained 
from Negretti et al. 2021. Reverse query analysis was not performed as the Negretti et al., 2021 
data set did not include cell type labeling which limited our ability to perform cell-to-cell 
comparisons.
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Supplementary Fig. 6: Spatial transcriptomic of the fetal stromal cell compartment. 
A: High resolution spatial plot of top DEGs associated with cycling fibroblasts, early 
fibroblasts, airway and vascular SMC and chondrocytes.  
B: Immunofluorescence of MEF2C (vascular SMC, green), DES (airway SMC, yellow) and 
ACTA2 (pan-SMC, magenta) in GW12, 15 and 18 fetal lung tissue illustrates regions with both 
blood vessels and airways, highlighted by white hashed squares. At least 4 representative 
images were captured and analyzed for each gestational timepoint. Adjacent images are higher 
magnification views of the highlighted areas of interest. 
C: High resolution spatial plot of top DEGs associated with budtip, tip, basal, club and ciliated 
cells.
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Supplementary Fig. 7: Characterization of the developing fetal lung epithelium. 
A: Proportion of the epithelial cell subtypes across GW.  
B: Dotplot measuring regulon activity of the top differentially expressed transcription factors 
(TF) genes based on regulon specificity score (RSS) via SCENIC.  
C: Quantification of SOX2high and SOX2low in the developing airways. Bar represents average 
percentage of area segmented as either SOX2high or SOX2low relative to total SOX2 expression 
in GW12, 15 and 18 tissue. N=6 images per group. Scale bar = 50 microns. 
D: High resolution Xenium spatial plots of TP63, SCGB3A2 and FOXJ1 in GW15 and GW18 
tissue.   
E: Immunofluorescence of deltaNP63 (basal cell, yellow), SCGB3A2 (secretory cell, green), 
and FOXJ1 (ciliated cell, magenta) in GW12, 15 and 18 fetal lung tissue. Insets are low 
magnification images of area of interest. At least 4 representative images were captured and 
analyzed for each gestational timepoint. Bottom row is the negative (no primary, secondary 
antibodies only) controls. DAPI marks all nuclei. Scale bar = 25 microns. 
Cluster ID numbers in B indicates cell type as in A. 
Source data are provided as a Source Data file.  
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Supplementary Fig. 8: Spatial determination of epithelial subtypes in the fetal lungs and 
identification of PNEC subsets. 
A: High resolution Xenium spatial plots of ASCL1 and CALCA in the developing airway 
epithelium.  
B: UMAP feature plots for GRP and GHRL demarcating two PNEC populations also identified 
in previous datasets.  
C: High resolution Xenium spatial plots of DEGs associated with PTEN+STAT3+ and NRGN+ 
cells.
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Supplementary Fig. 9: Validation of LatentVelo trajectories and analysis of distal 
trajectories. 
A: Palantir was used to infer pseudotimes (arrows), starting with a root at GW10 budtip cells. 
CellRank was used to infer a transition matrix between cells, and transitions were projected 
onto the UMAP (arrows). Results largely agree with LatentVelo (Figure 6A), except for a 
clearer distinction of the terminal budtip state. The same terminal states at PNEC, mature 
ciliated cells, and later GW budtip cells were observed.   
B: Slingshot analysis of late stage (GW 17-19) epithelia using budtip as the starting cluster and 
projected onto 3D PCA plot. A trifurcation appears from the TP cells towards PNEC, mature 
ciliated cells, and basal cells.   
C: Mature ciliated cells and PNEC fate probabilities vs Palantir pseudotime through TP cells. 
TP cells were situated in the middle near 0.5, indicating their involvement in both lineages.    
D: Fate probabilities for the 3 terminal states mature ciliated, PNEC and budtip terminal states. 
Note that budtip cells are increasing and our analysis has identified these as “terminal” states 
(yellow) at the end of our developmental time point.  
E: Analysis of the budtip terminal state with Slingshot using an early GW root. A bifurcation 
going towards the late GW budtip terminal state, or towards tip cells and NKX2-
1+SOX9+CFTR+ cells was observed demonstrating the connection between these three cell 
types. Notably, there was a temporal increase in budtip and NKX2-1+SOX9+CFTR+ cells.  
F: DEG overlap between epithelial cell types.  
Source data are provided as a Source Data file.  
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Supplementary Fig. 10: FGF cell signaling networks from senders to TP cells. 
A:  Relative information flow of signalling towards TP cells for early (GW10-13), mid (GW14-
16), and late (GW17-19). Information flow is calculated as the sum of all cell interaction 
probabilities towards TP cells for neighboring cell types.  
B: Overview of signaling pathways strength towards TP cells in early (GW 10-13), mid (GW 
14-16), late (GW 17-19). Values show the signalling strength towards TP relative to other cell 
types (as a percentile), where a value of 1.0 indicates TP cells are the top receiver of the 
signalling pathway for the subset of neighboring cell types.  
C. Expression of FGF ligands and receptors in specific epithelial and stromal subset of cells  
from scRNA-seq grouped by early (GW 10-13), mid (GW 14-16), and late (GW17-19) stages.   
D. Expression of FGF ligands and receptors near TP cells (black box on H&E staining) using 
Visium spatial transcriptomics. 
Source data are provided as a Source Data file.
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Supplementary Fig. 11: WNT signalling from senders to TP cells. 
A: Expression of WNT ligands and receptors in specific epithelial and stromal subset of cells 
from scRNA-seq grouped by early (GW 10-13), mid (GW 14-16), and late (GW17-19) stages. 
B: Expression of WNT ligands and receptors near TP cells (black box on H&E staining) using 
Visium spatial transcriptomics.  
C: Ligand-receptor (L-R) plot showcasing specific WNT ligand-receptor interactions enriched 
in early vs mid/late from airway SMC, lipofibroblast precursors, airway fibroblast progenitors, 
and basal cells to TP cells. Red values show significantly increased early; blue values show 
interactions significantly increased mid/late. Significance is determined using a permutation 
test randomly permuting cell type labels, significant interactions are chosen with p < 0.01. 
Source data are provided as a Source Data file.
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Supplementary Fig. 12: NOTCH signalling from senders to TP cells. 
A: Expression of NOTCH ligands and receptors in specific epithelial and stromal subset of 
cells from scRNA-seq grouped by early (GW 10-13), mid (GW 14-16), and late (GW17-19) 
stages.  
B: Expression of NOTCH ligands and receptors near TP cells (black box on H&E staining) 
using Visium spatial transcriptomics. 
C: Ligand-receptor (L-R) plot showcasing specific NOTCH ligand-receptor interactions 
enriched in early vs mid/late from airway SMC, SOX2highCFTR+, and basal cells to TP cells. 
Red values show interactions significantly increased early; blue values show interactions 
significantly increased mid/late. Significance is determined using a permutation test randomly 
permuting cell type labels, significant interactions are chosen with p < 0.01. 
Source data are provided as a Source Data file.
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Supplementary Notes 
Supplementary Note 1. Comparison to recently published fetal lung datasets. 

We performed the MapQuery1 function to tease out the specific cellular similarities 
identified in our dataset compared to each of the recently published fetal lung cell datasets by 
He et al.2, Sountoulidis et al.3, and Cao et al4. By setting the previous fetal lung datasets as the 
reference, we visualized transcriptomic similarity through plotting our cells onto the reference 
dataset’s UMAP and calculated the percentage of cell cluster overlap to be 105/144 (73%), 
64/75 (85%), and 31/33 (94%) for He et al.2, Sountoulidis et al.3, and Cao et al4 datasets, 
respectively (Supplementary Fig. 2A, B, C). Cell types not found in our dataset include cells 
predominantly in earlier gestational fetal lung tissues that we did not collect (<GW10), and 
include cell such as early tip and early stalk cells by He et al. In addition, cells predominantly 
found in the large airways including the cartilaginous tissues (i.e., tracheal regions) were not 
captured in our dataset (i.e., prox. progenitor 1 and prox. secretory from Sountoulidis et al.). 

Supplementary Note 2. Co-development of the fetal pulmonary endothelium. 
The fetal pulmonary endothelium contained 10 endothelial subtypes in the early 

developing lung (Supplementary Fig. 3A) that expressed pan-endothelial gene PECAM1. 
These endothelial cell (EC) subtypes included erythrocyte-like EC-1, KIT+CA4+ EC, 
erythrocyte-like EC-2, intermediate lymphatic EC, lymphatic EC, venous EC, aerocytes, 
general capillaries (gCap), arterial EC, and cycling early capillaries. Both EC-1/EC-2 
expressed high levels of hemoglobin genes and were annotated as erythrocyte-like cell 
populations (Supplementary Data 1). The proportion of each EC subtypes remained relatively 
consistent in all the gestational timepoint studied (Supplementary Fig. 3B). Notably, the fetal 
lung lymphatic cells were found as early as GW10 and continued to develop with time, which 
would become important in neonatal lung respiration5. The top DEG expressed in both 
lymphatic populations included PROX1, CCL21 and TFF36,7, with the lymphatic EC 
expressing higher levels of genes associated with inflammation PTX3 and NRP2 
(Supplementary Fig. 3 and Supplementary Data 1). Differential enrichment analysis of the 
transcription factors driving these cell lineages was performed using SCENIC8 (Supplementary 
Fig. 3D). Cycling early capillaries expressed high levels of genes associated with cellular 
proliferation such as TOP2A, MKI67, and CENPF. Transcription factors regulating cell 
proliferation and cell cycle BRCA1, E2F7, MYBL2 were highly active in the cycling early 
capillaries. Aerocytes and gCap cells shared similar DEG with gCap expressing higher levels 
of HBEGF, previously shown to promote angiogenesis9, while aerocytes differentially 
expressed high levels of EGFL6 and COL6A3. Interestingly, aerocytes shared similar 
differentially expressed transcription factors as gCap, including REL, IRF, POU2F2, 
suggesting these two cell types may share developmental origins, as in adult mouse lungs10. 
Higher expression of HGPD, CA4, and KIT distinguished the KIT+CA4+ cells from the EC-1 
and EC-2 cells. Higher regulon activity of the transcription factors MLX, SOX18 and ZNF71 
were also observed in KIT+CA4+ EC. Venous EC expressed high levels of the specific 
pulmonary venous gene CPE7 and the apelin receptor, APLNR, the latter regulates endothelial 
cell differentiation11. Arterial EC expressed abundant DKK2, CXCL12 and the transcription 
factors CREB1 and SMAD4, the latter two important in the formation and function of the 
vasculature12,13.  
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To determine the developmental relationships between these cells, we used our RNA 
velocity-based method LatentVelo14 (Supplementary Fig. 3 and E’, respectively) and 
visualized velocities using partition-based graph abstraction (PAGA) of RNA velocity 
projections (Supplementary Fig. 3F). In brief, velocities infer the directionality of lineage 
development and corresponding latent times identify the position of cells along the 
developmental trajectory, shown as a dark blue to yellow hue (Supplementary Fig. 3E’). In 
doing so, cell origins were determined, and trajectories predicted based on these relationships 
over time. Several conserved trajectories were found, but also unique trajectories stemming 
from putative multipotent EC. Focusing on capillary specification, we identified a lineage 
relationship between cycling early capillaries to gCap cells and aerocytes with a gradual change 
in top DEGs associated with these cell lineages as they differentiate. We found an increase in 
CXCL12, and EDNRB associated with gCap and aerocyte differentiation respectively 
(Supplementary Fig. 3G). Xenium spatial transcriptomics showed localization of CA4+STC1+ 
cells and THY1+ cells associated with gCap and aerocytes in KDR+ endothelial cells, 
respectively (Supplementary Fig. 3H). gCap cells were found closely associated with the 
airway epithelium, while aerocytes occupied its own space. The lineage development of gCap 
and aerocytes has also been found in murine neonatal alveolar lung10. 

Supplementary Note 3. Novel alveolar macrophage lineage trajectories identified in the 
fetal lung. 

The fetal lung immune population contained 18 distinct cell types (Supplementary Fig. 
4A). These included a common lymphoid progenitor, proliferating macrophage/monocytes, 
monocyte 1 and 2, alveolar macrophage 2 (aM2), aM1, aM-like cell, B cells, cycling B cells, 
plasma cells, monocyte/macrophage precursor cells, CD1C+ dendritic cells 1 (DC), 
macrophage, FLT3+ preDC, IL7R+ T cells, immature double positive (DP) leukocytes, cycling 
lymphocytes, and plasmacytoid DC (pDC). The proportion of mature cell types including 
monocytes, plasma cells and B cells increased in later gestational lung tissues (Supplementary 
Fig. 4B). Top genes differentially expressed in each subtype distinctly separates the different 
clusters (Supplementary Fig. 4C and Supplementary Data 1). Gene ontology enrichment 
analysis of the DEG (Supplementary Fig. 4D) showed terms associated with antigen processing 
and presentation and major histocompatibility complex (MHC) class II protein in all DC 
lineages. Dendritic cells made up a smaller proportion of myeloid cells in the fetal lungs. Their 
role in immunity during development is unknown. However, studies have suggested fetal DC 
may help induce immunologic tolerance where fetal and maternal immune cells may come into 
contact during pregnancy15. CD1C+ DC and FLT3+ DC share several common genes mainly 
from the HLA family. CD1C+ DC have previously been shown to prime cytotoxic T cell 
responses16, while FLT3+ DC may mark an early developing DC population as the FLT3 
ligand has previously been shown to regulate dendritic cell development17. Transcription 
factors differentially enriched (Supplementary Fig. 4E) in each cell cluster identified unique 
expression of acetyl-CoA carboxylase 1 (ACAA1) in CD1C+ DC and Basic Leucine Zipper 
ATF-Like Transcription Factor 3 (BATF3) in FLT3+ DC, both previously shown to regulate 
DC development and function18,19, respectively. Spatial transcriptomic showed both monocytes 
(FCN1, CSTA) and macrophages (CD86, and CD68, presumably alveolar macrophages) 
sparsely distributed in both GW 15 and 18 fetal lung tissue (Supplementary Fig. 4F).  

The AT-rich interaction domain 3A (ARID3A) transcription factor was differentially 
enriched in pDC, as previously observed20. Plasmacytoid DC are rare cells that secrete large 
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amounts of type I interferons with a role in antiviral immunity and share similar morphology 
as plasma cells21. They also play a role in inducing T cell tolerance and therefore may exist in 
the developing lung to suppress alloreactive T cells. It is unclear if these pDC originated in the 
developing lungs or as previous studies have shown, are bone marrow-derived and circulated 
into the lungs22. Nonetheless, pDC play an important role in immune responses to inhaled 
antigens23. LatentVelo identified a lineage trajectory originating from pDC to CD1C+ DC to 
aM2 cells and aM1 cells, and a trajectory from FLT3+ preDC to CD1C+ DC (Supplementary 
Fig. 4G-H). GO terms associated with inflammatory and immune responses were enriched in 
aM1, aM2 and AM-like clusters (Supplementary Fig. 4D). Both aM1/aM2 are delineated based 
on CD68 expression, a classical marker of monocyte-derived alveolar macrophages, and were 
distinguished between one another based on expression of proinflammatory genes IL1B, TNF 
and anti-inflammatory IL10 and TGFB genes. On the contrary, aM-like cells expressed IL1B 
but shared no other proinflammatory genes as aM1. Alveolar macrophages (aM-like, aM1, 
aM2) shared similar elevated expression of POU2F2 and NFKB1 suggesting a common 
conserved developmental regulation (Supplementary Fig. 4E). Regulation of NFKB1 signalling 
in fetal macrophages is important for airway branching as it protects from LPS-induced 
proinflammatory responses24,25. High expression of SMAD6 distinguished aM-like from aM1 
and aM2 cells, while KLF11 expression was higher in aM2 cells. Based on Xenium spatial 
analysis, CD68, CD86, FCN1, and CSTA were sparsely localized in the surrounding stroma 
(Supplementary Fig. 4F). LatentVelo and Slingshot analyses (Supplementary Fig. 4G, G’) 
showed a lineage trajectory originating from monocyte/macrophage precursor to aM-like cells 
to aM2 cells and aM1 cells. This is confirmed with a corresponding change in top DEG as the 
cells differentiate along the trajectories (Supplementary Fig. 4H and I).  

B cells, cycling B cells, and plasma cells express the canonical B cell signalling 
molecules CD79B, VREB326 and GO terms associated with B cell receptor signaling pathway 
and B cell activation (Supplementary Fig. 4D). Indeed, bacterial LPS is a potent stimulant of 
B cell and macrophage differentiation and antibody secretion27. LatentVelo and Slingshot 
analyses identified a lineage trajectory originating from B cells to plasma cells, and trajectories 
from monocyte/macrophage precursor to monocyte 1 and monocyte 2 (Supplementary Fig. 4I).  

Supplementary Note 4. Additional analyses of the temporal changes in NOTCH and 
WNT signalling in the TP cells. 

WNT signaling in TP cells were found to be elevated in early (GW 10-13) stages and 
decreased in mid and late stages (10B). WNT receptors FZD2, FZD3, FZD5, FZD6, FZD7, 
LRP5, LRP6 were found to be expressed in TP cells with comparatively higher expression of 
FZD2 and FZD7 in the early stages (Supplementary Fig. 11A). Based on spatial expression 
from Visium, we identified FZD2, LRP5, LRP6, and FZD7 expressed in areas of abundant TP 
spots at GW15, whereas LRP5, FZD3, LRP6, and FZD6 were expressed at GW18 
(Supplementary Fig. 11B). Sources of WNT signalling was assessed in early, mid, late stages 
to TP cells where WNT2 was expressed in multiple cell types including airway SMC (only in 
early stage), lipofibroblast precursors, airway fibroblast progenitors, and basal cells 
(Supplementary Fig. 11C). Signals from basal cells appeared to dominate in late tissues, 
although basal cell spatial proximity to TP cells decreases in these late tissues (Fig. 7E), so we 
cannot be confident in this interaction.  
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We also assessed NOTCH signaling in TP cells and found relatively strong NOTCH 
signaling in lung tissues during the mid (GW14-16) and late (GW17-19) timepoints 
(Supplementary Fig. 10B). NOTCH receptors, NOTCH2 and NOTCH3, were expressed in 
multiple cell types including TP cells and SCGB3A2+FOXJ1+ cells, but not in PNEC 
(Supplementary Fig. 12A). NOTCH ligand JAG1 was expressed in multiple cell types 
including vascular SMC, SOX2high/lowCFTR+ cells, and basal cells. High expression of 
NOTCH2 and NOTCH3 was found in spots with high proportions of TP cells (black box, 
Supplementary Fig. 12B).  Several sources of NOTCH signaling with TP cells included airway 
SMC, SOX2highCFTR+ cells, and basal cells (Supplementary Fig. 12C). Airway SMC was a 
source of NOTCH signaling during the early stage that was lost in mid/late stages. Increased 
JAG1-NOTCH2 and JAG1-NOTCH3 L-R interactions are also observed in mid stage tissues 
stemming from SOX2highCFTR+ cells. NOTCH signalling also increased in late stage tissues 
due to signaling from basal cells, however basal cells lose their proximity to TP cells in later 
tissues (Fig. 7E).  Overall, our data suggests NOTCH-mediated signaling to TP during mid 
stage may involve direct interaction with SOX2highCFTR+ cells.  

Supplementary Note 5. Discussion on CFTR expressing cells 
The pseudoglandular lung is marked by extensive branching morphogenesis, where the 

cells must undergo extensive proliferation, proximal-distal patterning, cell migration, and 
differentiation into specialized cell types. A major finding in our analysis is the identification 
of several progenitor cells expressing high levels of CFTR. These cells include the NKX2-
1+SOX9+CFTR+, SOX2highCFTR+, SOX2lowCFTR+, and TP cells. The co-expression of 
CFTR in these progenitor cell types suggest a putative role for CFTR in branching 
morphogenesis and the formation of specific epithelial cell lineages. In the postnatal lung, 
mutations in CFTR can cause cystic fibrosis (CF), a disease that manifests in the airways and 
impairs lung function and ultimate destruction. The CFTR gene encodes for a chloride channel 
that regulates water and ion transport across the epithelium. The precise role of CFTR in the 
developing lung is unclear but the early expression of CFTR may suggest a role for this protein, 
and the cells that expresses it, in airway formation. Moreover, understanding the role of CFTR 
in airway cell development may provide important insight into the early manifestations of CF 
lung pathogenesis and the long-term impact on disease progression.  
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Supplementary Tables 
Supplementary Table 1: Detailed list of fetal lung tissue samples sequenced. 
Sample ID 
(Gestational 
week_+ day) 

Sex # of sequenced 
cells  

# of UMIs Filtered # of 
cells 

% change of 
cells  

GW_10_1 Female 13852 27559 12412 0.103956107 
GW_10_2 Male 5937 17271 5515 0.07107967 
GW_11_1 Male 4923 16935 4629 0.059719683 
GW_12_3 Male 10689 17067 10277 0.038544298 
GW_13_4 Male 3748 16573 3588 0.042689434 
GW_13_6 Male 13464 17276 13054 0.030451575 
GW_14_3 Male 3916 16255 3748 0.042900919 
GW_15_5_1 Female 15444 18067 8168 0.471121471 
GW_15_5_2 Female 18849 17214 13347 -0.508306023
GW_16_1 Male 6425 16835 5636 0.122801556 
GW_16_2 Female 7687 16415 7380 0.039937557 
GW_16_5 Female 5524 24481 4566 0.173425054 
GW_18 Male 10505 16700 10477 0.002665397 
GW_18_1 Male 12109 16855 10876 0.101825089 
GW_18_2 Female 6330 16223 6060 0.042654028 
*GW_18_1A Male 7621 17182 6920 0.091982679 
*GW_18_1B Male 6341 17061 5888 0.071439836 
GW_19_0 Male 10565 17664 9764 0.075816375 
GW_19_2 Female 6847 16970 6107 0.10807653 
GW_19_4 Male 9480 25027 8286 0.125949367 

Total count 7 Female  
12 Male 

170256 156698 

*Same gestational lung tissue. “A” and “B” indicates different regions (lower and upper
regions) of the lung tissue sampled for sequencing.
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Supplementary Table 2: List of shared and unique cell types compared to published 
datasets: He et al., Sountoulidis et al., and Cao et al. 
MapQuery results of publicly available and Quach et al. lung data set 
Cell identity Number of queried cells 
Aerocyte 14 
Airway fibroblast progenitors 22441 
Airway SMC 24286 
aM-like cells 67 
aM1 cells 598 
aM2 cells 1038 
Arterial EC 921 
B-cells 208 
Budtip progenitors 2164 
CD1C+ DC 1340 
Chondrocyte 755 
Ciliated precursor cells 232 
Club cells 74 
Common lymphoid progenitor (CLP) 2766 
Cycling B cells 2454 
Cycling early capillaries 2355 
Cycling fibroblasts 43955 
Cycling lymphocytes 883 
Tip cells 7968 
Early fibroblasts 50296 
Erythrocyte-like EC-1 537 
Erythrocyte-like EC-2 3963 
FLT3+ preDC 247 
gCap 416 
IL7R+ T cells 1209 
Immature DP leukocytes 302 
Intermediate lymphatic EC 1237 
KIT+CA4+ endothelial cells 1076 
Lipofibroblast precursors 38500 
Lipofibroblasts 1542 
Lymphatic EC 251 
Macrophage 891 
Monocyte 1 771 
Monocyte/macrophage precursor cells 2160 
NKX2-1+SOX9+CFTR+ cells 1197 
NRGN+ cells 215 
pDC 261 
Plasma cell 1493 
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PNEC 2173 
Proliferating macrophage/monocyte cells 3254 
Proliferating progenitors 10305 
PTEN+STAT3+ cells 160 
SCGB3A2+FOXJ1+ cells 1540 
SCGB3A2+SFTPB+CFTR+ cells 2190 
Schwann 5371 
SMG secretory cells 567 
SOX2highCFTR+ cells 351 
SOX2lowCFTR+ cells 3606 
Stromal-like cells 1 23 
Stromal-like cells 2 4 
Uncommitted cells 706 
Unknown stromal cells 2312 
Vascular SMC 3466 
Venous EC 875 
Undetected cells 
Basal cells 
Mature ciliated cells 
Monocyte 2 
SMG basal cells 
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Supplementary Table 3: List of primary and secondary antibodies. 

 

 

Secondary Antibodies Host Supplier Cat. no. Dilution  

Anti-mouse IgG (H+L) Alexa 
Fluor 488  

Donkey Invitrogen A21202 1:500 

Anti-rabbit IgG (H+L) Alexa 
Fluor 488  

Donkey Invitrogen A21206 1:500 

Anti-rat IgG (H+L) Alexa Fluor 
488 

Donkey Invitrogen A21208  1:500 

Anti-mouse IgG (H+L) Alexa 
Fluor 546  

Donkey Invitrogen A10036  
 

1:500 

Anti-rabbit IgG (H+L) Alexa 
Fluor 546  

Donkey Invitrogen A10040 1:500 

Anti-goat IgG (H+L) Alexa 
Fluor 546 

Donkey Invitrogen A11056 1:500 

Anti-rat IgG (H+L) Alexa Fluor 
555 

Donkey Invitrogen A48270 1:500 

Anti-Rabbit IgG (H&L) Alexa 
Fluor 647  

Donkey Abcam  
ab150075 

1:500 

Anti-goat IgG (H+L) Alexa 
Fluor 647 

Donkey Invitrogen A21447 1:500 

Primary 
Antibodies 

Host Supplier Cat. no. Dilution  

ACTA2 Rabbit Abcam ab124964 1:500 
ASCL1 Goat Rockland 600-101-MH4 1:500 
CFTR Mouse Millipore MAB1660 1:70 
Delta NP63 Mouse Abcam ab735 1:100 
Desmin Goat R&D AF3844-SP 1:100 
FOXJ1 Rabbit Abcam ab235445 1:100 
MEF2C Mouse Invitrogen MA5-25477 1:50 
NKX2-1 Rabbit Abcam ab76013 1:200 
SCGB3A2 Goat Santa Cruz sc-48320 1:50 
SFTPB Rabbit Abcam ab40876 1:50 
SOX2 Goat R&D AF2018 1:300 
SOX9 Goat R&D AF3075 1:600 
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