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Figure 1. Experimental outline and identification of carotid body and superior cervical ganglion.

(A) Timeline of developmental stages sampled. (B) Immunostaining for chromogranin A (CgA) on sheep
CB from each developmental stage shown in (A). (C) Immunostaining for tyrosine hydroxylase (TH) and
chromogranin A (CgA) on carotid body (CB) and super cervical ganglion (SCG) tissues from adult sheep.

Scale bar=200 uM (upper panels) and 20 uM (lower panels).
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Figure 2. Overlap between the most up-regulated genes in mouse and sheep reveals a conserved

CB gene expression signature

(A) Overlap between lists of the top-ranked genes up-regulated in the mouse or sheep CB: a-d (pink box)
compiled list of the most up-regulated genes in mouse CB, relative to various control tissues (see text);
b,d,e,g (blue box) the top 160 most up-regulated genes in the adult sheep CB versus SCG; c,d,e,f (yellow
box) the top 160 most upregulated genes in the fetal d120 sheep CB versus SCG. (b-d) shows genes

common to the mouse list and the fetal and/or adult sheep list. (B) Venn diagram showing the number of


https://doi.org/10.1101/2025.08.21.671502
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.08.21.671502; this version posted August 25, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

genes in the combined mouse list P8R WSS 8igrfit 4t e aisBal 46885 the adult and/or fetal sheep
CB (total n=96). These genes are highlighted in bold in (A).
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Figure 3. Differential gene expression in CB and SCG from the adult sheep and d120 fetus.
Volcano plots of the differential expression of genes in the CB versus SCG in fetal day 120 (A) and adult

sheep (B). In A and B, the lower panel shows the highlighted area (log fold change in expression >0 i.e. up-
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regulated in CB vs SCG) with anno®ABR'S FIHEIAEGE! b érPsiaeieahighiihted in pink are among the
most up-regulated genes in both sheep and mouse CB gene expression datasets, while genes annotated
in blue are among the most highly up-regulated genes in the respective sheep CB but are not listed in the

top-ranked CB-enriched genes in mouse.
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Figure 4. Changes in tissue-specific CB gene expression over developmental time.
(A-a) Principal component analysis of gene expression profiles of each sample, including CB (triangle)
and SCG (circles) from fetal day 120 (blue), fetal day 145 (pink), post-natal day 15 (green), and adult

(vellow). (A-b) Heat map illustrating the hierarchical clustering analysis on all genes showing significant
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differential expression at any time P8IRPHYEEGRGCTRE SRS BI08/§8238 indicates the z score for
relative expression of a given gene scaled across each tissue and developmental time point.
(B) Expression of tissue specific markers (indicated by gene names) for SCG (blue) and CB (orange),
normalized to expression levels in the fetal day 120 CB (a) or SCG (b). Note that, as expression in the
reference tissue changes over time, the mean may not equal to 1. (C) Expression of genes implicated in
oxygen chemosensing (a- subunits and regulators of complex IV; b- TASK1 (KCNK3) and TASK3 (KCNK?9)
potassium channels; c-HIF-aisoforms) in CB and SCG samples, normalized to the fetal day 120 SCG. (d-
f) Mean expression of these genes in CB samples at each time point, normalized to fetal d120 CB. Bar

charts show mean expression (+/- SEM) with dots showing values for individual samples. Graphs

depicting time courses show mean expression of the specified gene (+/-SEM) at each time point.
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Figure 5. Genes encoding opioid and natriuretic peptide receptors exhibit CB-enriched expression
that correlates with CB maturation.

Expression of opioid receptors (A) and natriuretic peptide receptors (B), showing absolute expression
levels (tpm) in SCG (blue) and CB (yellow) samples (A-a, B-a) and mean expression in CB samples at each
time point (A-b, B-b), normalized to fetal d120 CB. Bar charts show mean expression (+/- SEM) with dots

showing values for individual samples. Graphs depicting time courses show mean expression of the

specified gene (+/-SEM) at each time point.
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Figure 6. Biological pathways enriched in tissue-specific developmental clusters of CB

gene expression

The most significantly enriched biological pathways in each of the four main gene expression

clusters that are predominantly up-regulated in the CB (C1, C3) or SCG (S1, S3) at fetal (C1, S1),

or post-natal stages (C3, S3). Pathway analysis by KEGG, Reactome (REAC), or Wikipathways

(WP), with the listed pathways ordered by significance and selected to reduce redundant or

related terms.
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Figure 7. Expression of genes regulating diacylglycerol signalling during CB maturation.

(A)(a-b) Relative expression of selected G proteins and regulators of G protein signalling: (a) mean
expression in SCG (blue) and CB (yellow) samples normalized to fetal d120 SCG; (b) mean expression in
CB samples at each time point normalized to CB fetal d120. (c) Relative expression of phospholipase C
isoforms, showing mean expression each gene in SCG (blue) and CB (yellow) samples normalized to fetal
d120 SCG. (B) Relative expression of diacylglycerol kinase isoforms, showing (a) mean expression in SCG
(blue) and CB (yellow) samples normalized to fetal d120 SCG and (b) mean expression in CB samples at

each time point normalized to fetal d120 CB. (c) Immunostaining for DGKH in adult SCG and CB (scale
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bar= 30 um). (C) Relative expressi@PSRIR UM SGHE S &8 PHESHIashkeERSEforms, showing (a) mean
expression in SCG (blue) and CB (yellow) samples normalized to fetal d120 SCG and (b) mean expression
in CB samples at each time point normalized to fetal d120 CB. Bar charts show mean expression (+/-
SEM) with dots indicating values for individual samples. Graphs depicting time courses show mean
expression of the specified gene (+/-SEM) at each time point. (D) Schematic diagram of diacylglyerol
metabolism including: membrane phospholipid metabolism regulated by G protein couple receptors
(GPCR) or receptor tyrosine kinases (RTK); fatty acid metabolism via triacylglycerol (TAG) or
monoacylglycerol (MAG); the glycerol-3-phosphate (G-3-P) pathway; and phosphatidyl choline (PC)
metabolism. Enzymes/receptors in each pathway are indicated by the gene names in boxes highlighted by

tissue/time gene expression cluster (pink=CB-enriched, red border = cluster C3, dark blue=SCG-

enriched, light blue=no cluster). Diagram created using Biorender.
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Figure 8. Down-regulation of genes encoding bioenergetic pathways in the CB versus SCG

(A) Gene set enrichment analysis for metabolic pathways in CB (red) vs SCG (blue) at each time point,
expression z score for each developmental stage (+/-interquartile range (boxes) and full range). (B)
Volcano plots of differential expression in adult CB versus SCG for glycolysis (a), tricarboxylic acid cycle

(b) and oxidative phosphorylation genes (c). The annotated genes are upregulated in CB versus SCG.
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Figure 9. Extracellular matrix gene expression in the CB versus SCG

(A) Developmental gene expression cluster of extracellular matrix components (n=87 genes), including
collagens, elastin, laminins, tenascin, fibronectin, and the proteoglycans. Genes that did not meet the
criteria for cluster analysis are shown in grey (no cluster). Note, most of 87 genes map to cluster C1, but
none map to cluster S3, hence this is not shown. (B) Expression of extracellular matrix genes (collagen A1
(a) and elastin (b)) and enzymes for glycosaminoglycan biosynthesis (Beta-1,3-Glucuronyltransferase 2 (c)
and Heparan Sulfate 6-O-Sulfotransferase 2 (d) showing mean expression in CB (orange) or SCG samples
(blue) at each time point (mean expression (tpm) +/- SEM). (C) Masson Trichrome staining of CB and SCG

sections from fetal day 120 and adult sheep. Collagen is stained blue, scale baris 100 uM.
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Figure 10. Transcription factors with distinct temporal and tissue-specific expression patterns
(A) Transcription factors in each gene expression cluster. For each cluster, the top 21 most highly

expressed (where n>21) are listed in order of average expression in the fetal d120 CB (C1), adult CB (C3),
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all CB samples (C2), fetal d120 SCREAPI SBAE 8ECHS S/ WPSINSERE IR (S2) (in each case aiming to
list in order of maximal expression). Also shown are individual heat maps for a selection of transcription
factors illustrating interesting patterns of developmental expression. The graded colour scale indicates
relative expression of a given gene scaled across each tissue and developmental time point. Each square
represents mean expression in that tissue and time point. The arrows marked “time” indicate the
progression from fetal d120, to fetal d145, post-natal d15, and adult. (B) Immunostaining for INSM1 in CB
and SCG from fetal d120 and adult sheep. Scale bar = 50 um
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Figure 11. Glucocorticoid receptor target gene expression

Gene set enrichment analysis for glucocorticoid receptor/ response element target genes in CB vs SCG

samples at each time point.
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