

SI Table 1. Cluster label abbreviations

	Cluster name
	Short form

	Proximal Mesenchymal Cell 
	ProxMes

	Mesenchymal Cell 1
	Mes1

	Mesenchymal Cell 2
	Mes2

	Mesenchymal Cell 3
	Mes3

	Mesenchymal Cell 4
	Mes4

	ISL1+Mesenchymal Cell
	ISL1+Mes

	Transitional Mesenchymal Cell
	TransMes

	RDH10+ Distal Mesenchymal Cell
	RDH10+DistalMes

	Distal Mesenchymal Cell
	DistalMes

	Mesencondensation cell
	MesCond

	Osteochondral progenetor
	OCP

	Interzone Cell
	InterZone

	Chondrogenic Progenitor
	ChondroProg

	Resting Chondrocyte
	RestingChon

	Proliferating Chondrocyte
	ProlifChon

	Prehypertrophic Chondrocyte 
	PrehyperChon

	Hypertrophic Chondrocyte
	HyperChon

	Perichondrial Cell
	PeriChon

	Osteoblast
	OsteoB

	Articular Chondrocyte
	ArtiChon

	Tendon Progenitor
	TenoProg

	Tenocyte
	Teno

	Perimysium Cell
	Perimysium

	PAX3+ Myogenic Progenitor
	PAX3+MyoProg

	PAX7+ Myogenic Progenitor
	PAX7+MyoProg

	Myoblast 1
	MyoB1

	Myoblast 2
	MyoB2

	Myocyte 1
	MyoC1

	Myocyte 2
	MyoC2

	MYH3+ Myocyte
	MYH3+MyoC

	MYL3+ Myocyte
	MYL3+MyoC

	Intermediate Muscular Fibroblast    
	InterMusFibro

	ADH+ Fibroblast
	ADH+Fibro

	STMN2+ Fibroblast
	STMN2+Fibro

	MFAP5+ Fibroblast
	MFAP5+Fibro

	HOXC5+ Dermal Fibroblast Progenitor
	HOXC5+DermFibroProg

	F10+ Dermal Fibroblast Progenitor
	F10+DermFibroProg

	Dermal Fibroblast
	DermFibro

	Smooth Muscle Progenitor
	SMProg

	Smooth Muscle Cell
	SMC

	Pericyte
	Pericyte

	Neural Fibroblast
	NeuralFibro

	Neuronal Cell
	Neuronal

	Schwann Progenitor
	SchwannProg

	Schwann Cell
	Schwann

	Synaptic Schwann
	SynapSchwann

	Melanocyte
	Melano

	Periderm Cell
	Periderm

	Basal Cell
	Basal

	Apical Ectodermal Ridge  Basal Cell
	AER-Basal

	Arterial Endothelial Cell
	ArterialEndo

	Venous Endothelial Cell
	VenousEndo

	Lymphatic Endothelial Cell
	LymphEndo

	Lymphoid-primed multipotent progenitor
	LMPP/ELP

	Common Myeloid Progenitor/Granulocyte-monocyte Progenitor
	CMP/GMP

	Natural Killer Cell
	NK

	B Cell
	B

	Myelocyte
	Myelocyte

	Dendritic Cell 2
	DC2

	Monocyte
	Monocyte

	Macrophage
	Macro

	Mast Cell
	Mast

	Megakaryocyte
	Megakaryo

	Definite Erythrocyte
	DefErythro

	Definite Reticulocyte
	DefReticulo

	Primitive Erythrocyte 1 
	PrimErythro1

	Primitive Erythrocyte 2 
	PrimErythro2
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Supplementary Discussion. Limitations of this study

One limitation in our study is the lack of samples from the earliest stages of limb bud development. Although we were able to dissect and process limbs from PCW5.1 onwards, the logistical limitations of working with human embryonic tissue precluded analysis of the nascent limb bud and the earliest patterning and maturation events, such as the first wave of HOX gene expression and early FGF8 expression in the distal ectoderm. Furthermore, whilst we were able to investigate FGFR2 expression patterns in the limb, the assays used are unable at present to distinguish between its IIIb (highest FGF10 affinity) and IIIc (highest FGF8 affinity) isoforms.  

Whilst the combination of single cell and spatial transcriptomics is an established method for tissue atlasing, we recognise the challenges of combining these technologies. For example, our single-cell data captured large numbers of chondrocytes but only n=14 cells expressing collagen-X, which is disproportionately smaller than expected based on Visium slides. One possible explanation for this is that permeabilisation and RNA capture with Visium was superior to the single cell tissue dissociation and droplet-based capture method for profiling matrix-rich tissues such as cartilage. Another important factor to consider is the breadth of cell capture with each technique. For scRNAseq, a typical cell suspension contains hundreds of thousands of cells, only a fraction of which are sequenced, meaning rarer populations are unlikely to be profiled. By contrast, ST captures RNA from all cells within each voxel across an entire tissue section, thus rare cell populations should still contribute to the overall RNA signal. These factors may also explain the low numbers of SCX+/SOX9+ enthesis progenitor cells captured in our study. We expect these technical considerations to feed forward into future atlasing endeavours involving matrix-rich tissue, or where in-depth transcriptomic profiling of rare cell types is desired. 

Although spatial transcriptomics gives valuable anatomical context to sequenced single cells, it is limited in its utility due to its 50μm resolution (up to 25 cells per voxel in the limb), as well as significant dead space between voxels that is not sequenced. This can result in uncertain patterns of location calling or gene expression (such as macrophages and endothelium in the limb, Extended Data Fig. 6g, h), requiring further validation. Thus a true understanding of tissue architecture at the single cell, whole transcriptome level remains elusive. Furthermore, such a large sampling area makes fine-grain analyses of gene expression based on histology or anatomy challenging. In this study, we attempted to identify genes that vary between individual digits, but found very few. This is likely due to a lack of statistical power, with each digit only occupying 10-16 voxels. Similarly, our comparative analyses of digit and interdigit spaces was limited by any voxels that exhibited even a small degree of overlap (and hence transcript mixing) between the two tissues.


Legend for supplementary video 1
light sheet fluorescence microscopy of marker genes for mesenchyme populations in the developing autopod.
Clip1: Immunostaining of MSX1, IRX1 and SOX9 in the PCW5 human fetal foot plate.
Clip2: Immunostaining of MSX1, IRX1 and SOX9 in the PCW6 human fetal foot plate.
Clip3: Immunostaining of MSX1, IRX1 and SOX9 in the PCW6 human fetal hand plate
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