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Supplementary Table 1. DAVID functional annotation of genes upregulated in bulk RNA-seq from CACNA1D-mutant compared with KCNJ5-mutant APAs

	Gene
	log2FoldChange
	Adjusted p-value

	CCM2L
	-5.05
	2.01E-26

	GDAP1L1
	-5.17
	1.19E-20

	SHISAL1
	-6.64
	2.03E-17

	CHRNB4
	-3.39
	2.01E-13

	CCDC141
	-3.33
	2.67E-13

	NPNT
	-3.32
	2.67E-13

	ETNK2
	-2.38
	2.67E-13

	PTPRZ1
	-4.14
	9.57E-12

	NRXN2
	-3.80
	9.73E-12

	FITM2
	-2.46
	1.04E-11

	SYP
	-3.15
	2.45E-11

	MYOM1
	-3.82
	5.46E-11

	KIAA1549L
	-3.29
	1.07E-10

	UNC79
	-3.23
	4.41E-10

	ABLIM2
	-1.71
	8.86E-10

	CLDN19
	-4.00
	2.38E-09

	ITIH3
	-2.38
	2.85E-09

	SEC16B
	-1.73
	4.14E-09

	GRIP2
	-3.71
	8.73E-09

	LRFN2
	-5.82
	9.23E-09

	NPR3
	-2.29
	9.54E-09

	TPSB2
	-4.93
	1.16E-08

	LRP4
	-1.49
	3.58E-08

	RASD2
	-3.56
	4.71E-08

	PPP1R16B
	-2.39
	6.90E-08

	ITGA11
	-2.44
	7.00E-08

	SSTR2
	-3.04
	7.81E-08

	HELLS
	-1.81
	8.48E-08

	PLXNA2
	-2.20
	1.14E-07

	AC006254.1
	-2.71
	1.33E-07

	AMOT
	-2.54
	1.33E-07

	TPSAB1
	-6.62
	1.34E-07

	GPRC5C
	-2.20
	1.52E-07

	OLFM1
	-1.75
	1.52E-07

	TLN1
	-1.27
	1.52E-07

	FHOD3
	-1.08
	1.92E-07

	SLC35F1
	-3.71
	2.35E-07

	CTRB1
	-4.71
	2.60E-07

	TMEM266
	-1.80
	2.65E-07

	SGCG
	-2.63
	2.72E-07

	CASP16P
	-3.24
	4.27E-07

	TRIM45
	-1.54
	4.27E-07

	RTN4RL1
	-2.23
	4.52E-07

	INSR
	-1.11
	4.57E-07

	ITGA7
	-1.89
	6.64E-07

	C11orf87
	-6.27
	8.34E-07

	TYRO3
	-1.32
	9.49E-07

	SLC6A1
	-2.53
	9.60E-07

	ST6GAL1
	-1.65
	9.60E-07

	EPHX2
	-0.99
	1.03E-06

	PNLIP
	-5.00
	1.10E-06

	BTN2A2
	-1.45
	1.11E-06

	TICRR
	-1.96
	1.29E-06

	FRMPD4
	-5.90
	1.49E-06

	AJAP1
	-5.00
	1.57E-06

	TRO
	-1.70
	1.57E-06

	SLC35F3
	-3.62
	1.58E-06

	MYH11
	-2.15
	1.59E-06

	ARSG
	-1.19
	1.91E-06

	FAM189A2
	-2.02
	2.75E-06

	ZSCAN18
	-1.37
	2.94E-06

	GYG2
	-3.00
	3.10E-06

	GDF7
	-2.68
	3.12E-06

	HHIP
	-1.59
	3.48E-06

	NKX3-2
	-3.60
	3.70E-06

	SLC4A3
	-2.19
	4.18E-06

	INPP5A
	-1.32
	4.32E-06

	BEX1
	-2.85
	4.44E-06

	STIMATE
	-1.99
	4.64E-06

	PTPRF
	-1.21
	4.73E-06

	LINC00672
	-2.12
	4.88E-06

	GPR137B
	-1.03
	4.88E-06

	PLEKHA7
	-2.44
	5.32E-06

	CAPS
	-2.36
	5.33E-06

	C4A
	-2.43
	5.55E-06

	ZPLD1
	-4.07
	5.72E-06

	PRR15
	-2.94
	6.79E-06

	ATP8A2
	-1.70
	6.79E-06

	PCLO
	-1.76
	7.12E-06

	KCNMA1
	-1.68
	7.44E-06

	MAP9
	-1.85
	7.91E-06

	NMRK2
	-2.78
	8.23E-06

	HSPB7
	-2.63
	9.13E-06

	ITM2C
	-1.60
	9.13E-06

	COTL1
	-0.92
	9.13E-06

	OGN
	-1.40
	1.02E-05

	VPREB3
	-4.03
	1.06E-05

	GJC1
	-1.43
	1.16E-05

	APOBEC3B
	-1.97
	1.23E-05

	SCAMP5
	-1.23
	1.25E-05

	SEZ6L2
	-2.49
	1.29E-05

	SNAP25
	-2.31
	1.51E-05

	TARS1
	-1.39
	1.65E-05

	BICDL1
	-1.76
	1.74E-05

	DACT3
	-1.23
	1.84E-05

	GABRB2
	-1.74
	1.86E-05

	KIF24
	-1.26
	1.88E-05

	TIMP3
	-1.21
	1.88E-05

	DSG2
	-3.34
	1.89E-05

	SLC22A17
	-2.11
	1.93E-05



Supplementary Table 2. The top 100 genes upregulated on bulk RNA-seq in 21 CACNA1D-mutant compared to 14 KCNJ5-mutant APAs.


	Gene
	avg_log2FC (CACNA1D vs KCNJ5)
	pct.1 (CACNA1D)
	pct.2 (KCNJ5)
	p_val_adj

	KIAA1549L
	1.193499
	0.741
	0.048
	0

	MYOM1
	1.144154
	0.88
	0.4
	0

	CCDC141
	0.672691
	0.544
	0.14
	0

	UNC79
	0.635278
	0.476
	0.087
	0

	NPNT
	0.487471
	0.321
	0.01
	0

	PTPRZ1
	0.277877
	0.188
	0.008
	1.07 × 10⁻²³²

	GDAP1L1
	0.218786
	0.182
	0.051
	8.62 × 10⁻¹¹³

	SHISAL1
	0.162745
	0.108
	0.001
	7.46 × 10⁻¹³⁸

	FITM2
	0.15619
	0.133
	0.046
	1.09 × 10⁻⁶¹

	CCM2L
	0.148578
	0.102
	0.007
	2.12 × 10⁻¹⁰⁸

	SYP
	0.096758
	0.096
	0.048
	3.88 × 10⁻²²

	NRXN2
	0.093695
	0.071
	0.01
	6.93 × 10⁻⁵⁹

	CHRNB4
	0.064835
	0.045
	0.006
	1.10 × 10⁻³⁷

	ETNK2
	0.027106
	0.023
	0.007
	5.32 × 10⁻⁸

	CST2
	-0.01797
	0
	0.016
	3.61 × 10⁻¹⁸

	KLK4
	-0.02588
	0
	0.021
	7.52 × 10⁻²⁵

	LGR5
	-0.0608
	0.025
	0.075
	1.07 × 10⁻³¹

	NEFM
	-0.01801
	0.006
	0.018
	6.53 × 10⁻⁵

	MINAR1
	-0.23763
	0.014
	0.18
	2.27 × 10⁻²⁰⁴

	SHOC1
	-0.29934
	0.208
	0.415
	1.83 × 10⁻¹²⁰

	CYP17A1
	-0.38192
	0.258
	0.588
	3.50 × 10⁻²⁴⁸

	ANO4
	-0.43758
	0.156
	0.474
	1.68 × 10⁻²⁸⁰

	VCAN
	-0.44898
	0.07
	0.337
	5.60 × 10⁻²⁸⁶

	MCOLN3
	-0.48643
	0.42
	0.81
	0

	VAT1L
	-0.42175
	0.219
	0.533
	4.90 × 10⁻²⁴⁶

	CYP11B1
	-1.0694
	0.417
	0.946
	0



Supplementary Table 3. Differential expression of genes distinguishing CACNA1D- and KCNJ5-mutant APAs within the CYP11B2-positive cluster
The top of the table lists the 14 genes most significantly upregulated in CACNA1D-mutant compared to KCNJ5-mutant APAs on bulk RNA-seq. It examines the expression of these genes in the CYP11B2-positive cluster from three CACNA1D-mutant and three KCNJ5-mutant APAs on snRNA-seq. These genes have positive avg_log2FC values.
In addition, ZG-associated genes enriched in KCNJ5-mutant APAs are shown; these have negative Log2 fold change (avg_log2FC) values as they are downregulated in CACNA1D-mutant compared to KCNJ5-mutant APAs.
The proportion of positive cells in the CACNA1D group (pct.1), the proportion of positive cells in the KCNJ5 group (pct.2), and the adjusted P value (p_val_adj) are also shown.
	Patient
	Gender
	Ethnicity
	Age
	Cohort
	Tissue
	Genotype
	Mutation site
	Nuclei extracted
	Nuclei passing QC
	Technique

	A1
	Male
	Caucasian
	60
	Discovery
	Adrenal adjacent to APA
	KCNJ5
	G151R
	4,892
	4,714
	snRNA-seq

	A2
	Female
	Caucasian
	47
	Discovery
	Adrenal adjacent to APA
	KCNJ5
	G151R
	8,044
	7,561
	snRNA-seq

	A3
	Female
	Caucasian
	41
	Validation
	Adrenal adjacent to APA
	KCNJ5
	L168R
	8,884
	8,287
	snRNA-seq

	A4
	Female
	Black
	56
	Discovery
	Adrenal adjacent to APA
	CACNA1D
	F767V
	4,241
	3,958
	snRNA-seq

	A5
	Male
	Caucasian
	48
	Discovery
	Adrenal adjacent to APA
	CACNA1D
	F747L
	2,941
	2,841
	snRNA-seq

	A6
	Male
	Caucasian
	55
	Validation
	Adrenal adjacent to APA
	CACNA1D
	R639P
	8,142
	7,520
	snRNA-seq

	A7
	Male
	Caucasian
	40
	Discovery
	Adrenal adjacent to APA
	CACNA1D
	R990H
	4,188
	4,014
	snRNA-seq

	A8
	Male
	Caucasian
	61
	Discovery (P)
	Adrenal adjacent to APA
	CACNA1D 
	G403R
	367
	362
	snRNA-seq

	A9
	Female
	Caucasian
	24
	Discovery
	Adrenal adjacent to APA
	GNAQ
CTNNB1
	Q209L
G34R
	6,849
	6,437
	snRNA-seq

	A10
	Female
	Caucasian
	23
	Discovery
	Adrenal adjacent to APA
	GNAQ
CTNNB1
	Q209H
G34E
	3,297
	3,130
	snRNA-seq

	A11
	Female
	Caucasian
	40
	Discovery
	Adrenal adjacent to APA
	ATP1A1
	Glu960_Leu964del
	3,267
	3,067
	snRNA-seq

	A12
	Male
	Caucasian
	42
	Discovery
	Adrenal adjacent to APA
	ATP2B3
	G123R
	6,461
	6,098
	snRNA-seq

	A13
	Male
	Black
	38
	Discovery
	Adrenal adjacent to APA
	Unknown
	-
	5,721
	5,405
	snRNA-seq

	A14
	Male
	Black
	69
	Discovery (P)
	Adrenal adjacent to APA
	Unknown
	-
	271
	265
	snRNA-seq

	A15
	Female
	Black
	61
	Discovery
	Adrenal adjacent to NFA, APMs
	-
	-
	5,903
	5,592
	snRNA-seq

	A16
	Female
	Caucasian
	43
	Validation
	Adrenal adjacent to phaeochromocytoma
	-
	-
	9,072
	8,340
	snRNA-seq

	A17
	Male
	Caucasian
	22
	Validation
	Adrenal adjacent to phaeochromocytoma
	-
	-
	8,192
	7,612
	snRNA-seq

	A18
	Male
	Caucasian
	39
	Validation
	Adrenal adjacent to APA
	CACNA1D
	S672L
	5,422
	4,742
	scRNA-seq

	A19
	Female
	Caucasian
	30
	Validation
	Adrenal adjacent to APA
	KCNJ5
	G151R
	4,033
	3,261
	scRNA-seq

	T1
	Male
	Caucasian
	60
	Tumour
	APA
	KCNJ5
	G151R
	9,352
	8,667
	snRNA-seq

	T2
	Female
	Caucasian
	47
	Tumour
	APA
	KCNJ5
	G151R
	6,881
	6,456
	snRNA-seq

	T3
	Female
	Caucasian
	41
	Tumour
	APA
	KCNJ5
	L168R
	1,666
	1,514
	snRNA-seq

	T4
	Female
	Black
	56
	Tumour
	APA
	CACNA1D
	F767V
	6,491
	6,020
	snRNA-seq

	T5
	Male
	Caucasian
	48
	Tumour
	APA
	CACNA1D
	F747L
	3,844
	3,670
	snRNA-seq

	T6
	Male
	Caucasian
	55
	Tumour
	APA
	CACNA1D
	R639P
	4,493
	4,278
	snRNA-seq

	T9
	Female
	Caucasian
	24
	Tumour
	APA
	GNAQ
CTNNB1
	Q209L
G34R
	6,392
	5,826
	snRNA-seq

	T10
	Female
	Caucasian
	23
	Tumour
	APA
	GNAQ
CTNNB1
	Q209H
G34E
	4,643
	4,121
	snRNA-seq

	T20
	Male
	Asian
	47
	Tumour
	APA
	CLCN2
	p.Asn356_Leu359del
	7,541
	6,984
	snRNA-seq




Supplementary Table 4. Characteristics of each adrenal sample evaluated by snRNA-seq/scRNA-seq.
This includes 26 samples for snRNA-seq: 13 unilateral PA adrenals in the discovery cohort (12 adjacent to APAs and 1 adjacent to an NFA), 2 adjacent APA adrenals in the validation cohort, 2 adjacent phaeochromocytoma adrenals and 9 APAs. All the APAs, except the CLCN2-mutant APA (T20), came from paired adjacent adrenal that had also undergone snRNA-seq. A18 and A19 are 2 APA adjacent adrenals which underwent scRNA-seq. The table outlines patient demographics as well as the tumour genotype and the numbers of nuclei both extracted and passing QC for each sample. Abbreviations: P, piolet sample. Patient A12 was also found to have a second DPYSL2 somatic mutation.
There were 3 cohorts used for validation. The first consisted of snRNA-seq of adrenal tissue adjacent to a KCNJ5-mutant APA and a CACNA1D-mutant APA. It was treated in the same way as the discovery cohort. To assess if the findings in the discovery cohort were reproducible, the DEGs for each of the cell types were compared between the discovery and validation cohort. The GeneOverlap tool, designed to calculate the significance of the overlap of two sets of genes, found a strong association in the gene expression of corresponding cell types between the discovery and validation cohorts (odds ratio range 262.7-2789.8, p-values ≤1.1e-279). The second validation cohort consisted of 2 phaeochromocytomas and the third of scRNA-seq of adrenal tissue adjacent to a KCNJ5-mutant APA and a CACNA1D-mutant APA. It was treated in the same way as the discovery cohort.


	Genes upregulated in the medulla (cluster 15) and APMs (cluster 17)

	SLIT3
	CACNA1D
	MPPED2
	ALCAM

	KCNMA1
	SAMD12
	BMERB1
	DLC1

	SNAP25
	SYNE1
	FAM160A1
	AC002460.2

	CTNND2
	TPD52
	ATP1A1
	LRRC4C

	SLC35F3
	RORB
	TSPAN7
	DLG1

	SNAP25-AS1
	EFNA5
	NBEA
	PCLO

	ADGRB3
	STXBP5L
	TSC22D1
	DYNC1I1

	AL390783.1
	LINC01515
	RIMS2
	AC104596.1

	NTM
	BICC1
	SLC25A27
	NCAM1

	CTNNA3
	CACNA1C
	SLC8A1
	GLCCI1

	DOCK3
	RIPOR2
	ANK3
	EML5

	DACH1
	AGPAT4
	LSAMP
	PATJ

	ATP8A2
	NFASC
	AC092691.1
	REPS1

	CADM1
	ANO4
	ACOT11
	ADAMTS9-AS2

	AP000462.1
	PTPRN2
	HIVEP3
	FUT8

	CACNB2
	RUNX1T1
	KLHL13
	KIF5C

	UNC79
	AFF3
	SPOCK1
	AC098829.1

	FAM135B
	HS6ST3
	SGCD
	ANKS1B

	RAB3C
	DMD
	SLC4A8
	VAT1L

	ATP9A
	NOS1AP
	KLF3-AS1
	LDLRAD4

	AL355612.1
	ATP1B1
	PCNX2
	



Supplementary Table 5. Genes upregulated in both the medulla (cluster 15) and APMs (cluster 17).
DEGs were identified in each of the 25 clusters of the discovery cohort using the FindAllMarkers() function, log2fold > 0.25, min.pct = 0.25, p < 0.05. Those genes that were significantly upregulated in both the medulla (Cluster 15) and APMs (Cluster 17) are listed.




	Cell type
	Markers

	Adrenocortical cell
	STAR[1, 2], FDX1[3]

	Zona glomerulosa
	CYP11B2[4, 5, 6], VSNL1[7, 8], ANO4[8], VCAN[7, 8], DACH1[7, 8, 9], GABBR2[7], VAT1L[10], LGR5[7], CALN1 [10]

	Zona fasciculata
	CYP11B1*[4, 6], CYP17A1*[3, 5], HSD3B2**[3, 5]

	Zona reticularis
	SULT2A1[5, 11], TSPAN12[12], CYB5A[5]

	Aldosterone producing micronodule
	SLC35F1[10], SLC35F3[10], TMEM266[10], KIAA1549L[10], MYOM1[10], PPP4R4[10]

	Medulla
	CHGB[3, 13], TH[3], SYT1[14], PNMT[3, 15]

	Stromal
	PDGFRA[16], COL12A1[17], COL1A2[18]

	Capsule
	RSPO3[5], MFAP5[5], CLDN11***[19]

	Endothelial
	PECAM1[20, 21], TEK[21], PLVAP[22], SLCO2A1[23], PTPRB[24]

	Venous endothelial cell
	EMCN[25]

	Arterial endothelial cell
	KDR[25]

	Neuronal
	CRYAB[26], S100B[27], CHL1[28], ANK3[29], CDH19[30], SLC35F1[31], PTPRZ1[32], CADM2[33], NRXN1[34], NRXN2[35], PRIMA1[36], UCHL1[37], 

	Leukocyte
	PTPRC[38], CD84[39]

	Macrophages
	CD14[40], CD163[41]

	T-cells
	CD84[39], CD3D[42], CD69[43], CD247[44], THEMIS[45], ITK[46] 

	B-cells
	MZB1[47, 48], IGHM[47], MS4A1[47]

	NK-cells
	GZMB[47], GNLY[47, 48]



Supplementary Table 6. Cell specific marker genes.
Genes used to assign cell type to each cluster. *CYP11B1 and CYP17A1 are present in ZF and ZR cells, **HSD3B2 is present in ZG and ZF cells, ***migratory gene. For the adrenal cortex and APM cells, genes of interest were selected based on findings from IHC and LCM, as referenced in the table.




	Primary antibody
	Dilution
	Number
	Host
	

	CYP11B2
	1:500
	Gifted from Gomez Sanchez (4-13B)
	Mouse
	

	CYP17A1
	1:1000
	Gifted from Gomez Sanchez (10-19-G6-7-10)
	Mouse
	

	PLVAP
	1:100
	HPA002279
	Rabbit
	

	SLCO2A1
	1:100
	HPA013742
	Rabbit
	

	CCM2L (C20orf160)
	1:200
	ABIN1385989
	Rabbit
	

	PODXL
	1:50
	sc-23903
	Mouse
	

	CHGA
	1:2000
	23342-1-AP
	Rabbit
	

	SYP
	1:100
	101 011
	Mouse
	

	Secondary antibody
	
	Number
	Host
	Wavelength

	Anti-rabbit IgG
	1:500
	A-11036
	Goat
	568

	Anti-mouse-IgG
	1:500
	A-11029
	Goat
	488

	Anti-rabbit IgG
	1:500
	A-11011
	Goat
	568

	Anti-mouse-IgG
	1:500
	A-21235
	Goat
	647



Supplementary Table 7. Primary and secondary antibodies used in IF and IHC.
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Supplementary Fig.1. GTEx expression profiles of neuro-medullary genes upregulated in CACNA1D-mutant APAs.
Expression data from the GTEx Consortium showing tissue-wide transcript levels of GDAP1L1 (a), CHRNB4 (b), PTPRZ1 (c), NRXN2(d), SYP(e), KIAA1549L (f) and UNC79 (g). These genes, identified as upregulated in CACNA1D-mutant APAs, display enriched expression across both neuronal tissues and the adrenal gland [49].
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Supplementary Fig. 2. Spatial expression of CYP11B2 and MINAR1 in a KCNJ5-mutant APA with adjacent adrenal containing APMs.
HD Visium maps showing expression of CYP11B2 (a) and MINAR1 (b). Higher-magnification views of the boxed regions demonstrate reciprocal expression of the two genes within the KCNJ5-mutant APA (c) and adjacent zona glomerulosa containing APMs (d). MINAR1, an inhibitor of neurite outgrowth, was selectively expressed in non-APM regions of the zona glomerulosa.
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Supplementary Fig. 3. UMAP plot demonstrating a reference map for APAs.
This APA reference map is made up of 47,536 single nuclei from 9 APAs with different genotypes. This includes 3 KCNJ5-, 3 CACNA1D-, 2 GNAQ/CTNNB1- and 1 CLCN2-mutant APA. A total of 20 clusters were identified. Cluster numbering corresponds to relative cluster size, with Cluster 0 representing the largest population and Cluster 19 the smallest. The largest aggregate of clusters (clusters 0, 1, 2, 3, 4, 6, 7, 9, 10, 11, 13 and 16) contains nuclei that express steroidogenic markers.
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Supplementary Fig. 4. Expression of stromal/adrenal capsular markers in CLCN2-mutant APAs.
UMAP plots showing expression of RSPO3 and MFAP5 in CLCN2-mutant APAs compared with all other APA genotypes. These genes are upregulated in CLCN2-mutant APAs on bulk RNA-seq. snRNA-seq identified that CLCN2-mutant tumours contained a larger population of RSPO3- and MFAP5-expressing cells, consistent with enrichment of stromal/adrenal capsular-like cells. This increase was not observed within the CYP11B2-positive cell population, indicating an excess of stromal cells within the tumours rather than excess RSPO3- and MFAP5 expression within aldosterone-producing cells.
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[bookmark: _Ref145496756]Supplementary Fig. 5. UMAP plots of neuronal gene expression in the discovery cohort.
The UMAP plot demonstrates expression levels of neuronal genes CRYAB, S100B, CHL1, ANK3, CDH19, UCHL1, SLC35F1, PTPRZ1, CADM2, NRXN1, PRIMA1 and AJAP1 in a neuronal cluster, distinct from the adrenal medulla, in the discovery cohort. The neuronal cluster is circled in red.
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Supplementary Fig. 6. IHC for selected genes upregulated in the neuronal cluster.
IHC from the Human Protein Atlas of CRYAB, S100B, CHL1, ANK3, CDH19, UCHL1, SLC35F1, PTPRZ1 and CADM2 in the adrenal cortex[50]. Neuronal cells are visualised. Cortical cells contain lipid droplets, seen in the IHC, as compared to the medulla with its granular cytoplasm and no stored lipid. SLC35F1 stains neuronal cells adjacent to an APM, also positive for SLC35F1.
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Supplementary Fig. 7. Dot plot illustrating expression of cell specific marker genes in each cluster.
The size of each dot represents the percentage of cells expressing each gene and the colour represents the average expression.




[image: ]Supplementary Fig. 8. UMAP plots for scRNA-seq from 2 adrenals adjacent to APAs.
The UMAP plot is made up of 8003 cells from 2 samples of adrenal tissue adjacent to an APA (one CACNA1D- and one KCNJ5-mutant APA). a, demonstrates 21 clusters on unsupervised clustering. b, is an annotated map. Where the unsupervised clustering identified more than one cluster for a cell type, clusters have been merged to simplify the UMAP plot
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Supplementary Fig. 9. Expression of the top 14 CACNA1D-mutant APA genes on UMAP of 8003 cells from scRNA-seq of 2 adrenals adjacent to APAs.
The expression level of CYP11B2 is plotted alongside the endothelial gene CCM2L (red circle) and the neuronal and medullary genes (blue circle). In this UMAP the neuronal and medullary genes are present in the same cluster. The bottom tip of the ZG cluster expresses CYP11B2. This represents APM cells and expression of CCM2L, CHRNB4, ETNK2, NPNT, CCDC141, NRXN2, FITM2, MYOM1, KIAA1549L and UNC79 can be visualised in these cells. See Supplementary Fig. 8 for cell clustering.
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[bookmark: _Toc209714374]Supplementary Fig. 10. Partitions within the discovery dataset for trajectory analysis.
To prepare the discovery dataset for trajectory analysis, the dataset analysed in Seurat was imported to Monocle3 using preprocess_cds and clustered using cluster_cells. 44 clusters were identified within the dataset and 5 partitions. Each of these partitions could be used for lineage tracing. The largest partition, in red, is partition 1.
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Supplementary Fig. 11. Monocle 3 partitions of nuclei adjacent to CACNA1D-mutant and KCNJ5-mutant APAs.
Monocle 3 subdivides the UMAP into partitions according to graph connectivity between transcriptionally similar nuclei. In CACNA1D-adjacent tissue (a), a single partition containing the medulla, APMs, and ZG is identified (partition 1 in red). In KCNJ5-adjacent tissue (b), the medulla is separated from the cortical compartments and does not fall within the same partition as the cortex. (partition 1 in red and partition 5 in blue).
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Supplementary Fig. 12. Steroidogenic gene expression in the endothelial cluster on UMAP of 8003 cells from scRNA-seq of 2 adrenals adjacent to APAs.
CCM2L, PLVAP SLCO2A1 mark the endothelial cluster, Steroidogenic genes CYP11B2 and CYP17A1 and the ZG gene ANO4 are plotted. The red arrows point to endothelial cells expressing adrenocortical genes. See Supplementary Fig. 8 for cell clustering.
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Supplementary Fig. 13. Steroidogenic gene expression in the medullary cluster on UMAP of 8003 cells from scRNA-seq of 2 adrenals adjacent to APAs.
TH, CHGA and PNMT mark the medullary cluster. Steroidogenic genes CYP11B2 and CYP17A1 and the ZG genes ANO4 are plotted and visible in the medullary cell population. The red arrows point to medullary cells expressing these genes. See Supplementary Fig. 8 for cell clustering.
[bookmark: _Toc197703610]
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Supplementary Fig. 14. UMAP plots underlying the clustering in Fig. 8b.
UMAP visualizations of 8,646 nuclei from three samples: a CACNA1D-mutant APA, APA-adjacent adrenal tissue and spleen.
a-c use the snRNA-seq assay to cluster and annotate the cells. a Unsupervised clustering identifies 22 clusters. b, Same UMAP split by sample. c, Annotation based on RNA expression. For spleen-derived clusters, limited transcriptional resolution precluded detailed annotation; these are labelled collectively as spleen.
d, UMAP clustering based on snATAC-seq data. e, Transfer of snRNA-seq annotations (from 20c) onto the snATAC-seq UMAP, used to guide annotation in Fig. 8b. f, snATAC-seq UMAP split by sample; cluster 9 (red) is present across all three samples, unlike most clusters (except leukocytes).
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Supplementary Figure 15. Cluster-level chromatin accessibility similarity across adrenal cell populations.
Heatmap showing pairwise Pearson correlation coefficients between cluster-level pseudobulk ATAC-seq profiles. Cells were grouped by cluster, and low-abundance clusters (<30 cells) were excluded. Accessibility profiles were computed using the top 10,000 most variable peaks across the genome, with mean accessibility calculated per cluster. Hierarchical clustering was applied to the resulting similarity matrix to visualize relationships between cell populations based on chromatin accessibility signatures.
High similarity (r > 0.8) and moderate similarity (r = 0.5–0.7) are indicated by the colour scale. Notably, the putative hybrid cluster (cluster 9) exhibits strong similarity to multiple populations, including steroidogenic endothelial cells (r = 0.81), adrenocortical progenitor-like cells (r = 0.70), and mixed steroidogenic cells (r = 0.88), suggesting a hybrid chromatin accessibility profile.
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[bookmark: _Hlk213258050]Supplementary Fig. 16. IHC for CYP11B2 on tumours undergoing snRNA-seq.
FFPE human adrenal tissue adjacent to an APA was tested with IHC, using the automated Ventana Discovery ULTRA machine. Slides were scanned at X20 magnification using the NanoZoomer S210 and analysed with NDP.view2. The KCNJ5-mutant tumours demonstrate patchier staining of CYP11B2 when compared to other tumours. There is not a clear capsule for all of the tumours with irregular CYP11B2 margins with the adjacent adrenal demonstrated seen in T01, T04, T09 and T10.
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image1.emf
Term Count % P Value Genes List TotalPop HitsPop Total

Fold 

Enrichment

BonferroniBenjamini FDR

membrane 300.75008.76e-5 NPR3,LRP4,NRXN2,SLC35F1,FITM2,SLC6A1,AMOT,RASD2,TMEM266,PTPRZ1,GDA

P1L1,PLXNA2,PPP1R16B,SEC16B,ST6GAL1,CHRNB4,INSR,KIAA1549L,SHISAL1,SYP,

SSTR2,NPNT,GRIP2,RTN4RL1,ITGA11,TYRO3,ITGA7,TLN1,GPRC5C,UNC79

40 9038 20808 1.739.16e-3 9.20e-3 9.20e-3

integrin binding 50.12502.01e-4 PTPRZ1,ITGA11,ITGA7,TLN1,NPNT 40 161 20808 16.632.15e-2 2.17e-2 2.17e-2

cell surface 80.20002.87e-4 RTN4RL1,ITGA11,TYRO3,LRP4,ITGA7,SLC6A1,TLN1,AMOT 40 701 20808 5.942.97e-2 1.51e-2 1.51e-2

TOPO_DOM:Cytoplasmic 180.45003.71e-4 ST6GAL1,CHRNB4,INSR,NPR3,NRXN2,LRP4,FITM2,SHISAL1,SYP,SSTR2,SLC6A1,TM

EM266,PTPRZ1,ITGA11,TYRO3,PLXNA2,ITGA7,GPRC5C

40 3928 20669 2.379.63e-2 1.01e-1 1.00e-1

Receptor 110.27503.80e-4 CHRNB4,PTPRZ1,RTN4RL1,INSR,ITGA11,NPR3,TYRO3,LRP4,ITGA7,SSTR2,GPRC5C 40 1906 20808 3.317.58e-3 7.61e-3 7.61e-3

synapse 90.22504.53e-4 RASD2,OLFM1,CHRNB4,PTPRZ1,NRXN2,LRP4,SLC35F1,SYP,SLC6A1 40 1001 20808 4.684.65e-2 1.59e-2 1.59e-2

TOPO_DOM:Extracellular 150.37507.79e-4 CHRNB4,INSR,NPR3,NRXN2,LRP4,SHISAL1,SSTR2,SLC6A1,TMEM266,PTPRZ1,ITGA

11,TYRO3,PLXNA2,ITGA7,GPRC5C

40 3012 20669 2.571.92e-1 1.06e-1 1.05e-1

Membrane 280.70009.16e-4 NPR3,LRP4,NRXN2,SLC35F1,FITM2,SLC6A1,RASD2,TMEM266,PTPRZ1,GDAP1L1,P

LXNA2,PPP1R16B,SEC16B,ST6GAL1,CHRNB4,INSR,KIAA1549L,SHISAL1,SYP,SSTR2,

GRIP2,RTN4RL1,ITGA11,TYRO3,ITGA7,TLN1,GPRC5C,UNC79

40 8428 18195 1.591.64e-2 1.65e-2 1.65e-2

plasma membrane 210.52502.20e-3 PPP1R16B,CHRNB4,INSR,NPR3,NRXN2,LRP4,SSTR2,SLC6A1,GRIP2,AMOT,RASD2,

TMEM266,PTPRZ1,RTN4RL1,ITGA11,TYRO3,PLXNA2,ITGA7,TLN1,GPRC5C,UNC79

40 5927 20808 1.842.07e-1 5.79e-2 5.79e-2

Cell adhesion 50.12503.04e-3 ITGA11,TYRO3,NRXN2,ITGA7,NPNT 40 494 20808 7.347.05e-2 7.30e-2 7.30e-2

FN3 40.10003.42e-3 MYOM1,PTPRZ1,INSR,TYRO3 40 150 20808 12.411.37e-1 1.47e-1 1.47e-1

DOMAIN:Fibronectin type-III 40.10004.29e-3 MYOM1,PTPRZ1,INSR,TYRO3 40 174 20669 11.886.91e-1 2.68e-1 2.65e-1

CARBOHYD:N-linked (GlcNAc...) 

asparagine

170.42504.41e-3 ST6GAL1,ITIH3,CHRNB4,INSR,NRXN2,LRP4,SHISAL1,SYP,SSTR2,SLC6A1,OLFM1,PT

PRZ1,ITGA11,TYRO3,PLXNA2,ITGA7,GPRC5C

40 4425 20669 1.997.00e-1 2.68e-1 2.65e-1

COMPBIAS:Pro residues 110.27504.93e-3 FHOD3,TMEM266,ABLIM2,CCM2L,TYRO3,KIAA1549L,NRXN2,ITGA7,SHISAL1,NPN

T,GRIP2

40 2119 20669 2.687.41e-1 2.68e-1 2.65e-1

Cell membrane 170.42505.18e-3 PPP1R16B,CHRNB4,INSR,NPR3,NRXN2,LRP4,SSTR2,SLC6A1,RASD2,TMEM266,PTP

RZ1,RTN4RL1,TYRO3,PLXNA2,TLN1,GPRC5C,UNC79

40 4200 18195 1.948.92e-2 3.17e-2 3.17e-2

Synapse 60.15005.28e-3 OLFM1,CHRNB4,NRXN2,SLC35F1,SYP,SLC6A1 40 561 18195 5.129.09e-2 3.17e-2 3.17e-2

TRANSMEM:Helical 190.47505.88e-3 CHRNB4,INSR,NPR3,KIAA1549L,NRXN2,LRP4,FITM2,SHISAL1,SLC35F1,SYP,SLC6A

1,PTPRZ1,ITGA11,GDAP1L1,TYRO3,PLXNA2,ITGA7,GPRC5C,UNC79

40 5434 20669 1.818.00e-1 2.68e-1 2.65e-1

cell adhesion 60.15005.99e-3 ITGA11,TYRO3,NRXN2,ITGA7,TLN1,NPNT 40 677 20808 4.948.67e-1 1.00e+0 1.00e+0

FN3_dom 40.10006.98e-3 MYOM1,PTPRZ1,INSR,TYRO3 40 209 20827 9.977.52e-1 7.13e-1 7.13e-1
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