Supplementary Materials:

Supplementary Materials and Methods:
Patient characteristics at referral
We investigated the ex vivo differentiation potential of HSPC from 18 T-lymphocytopaenic patients, referred to GOSH between 07/2019 and 01/2024. Patient characteristics at the time of referral are summarised in Table 1. More than half the patients were identified after abnormal TREC-based NBS results (N=10/18, 55%). 6/18 (33%) patients presented with infectious complications, including two with Pneumocystis jiroveci pneumonia (PJP), and one each with CMV viraemia, Parainfluenza 3 pneumonitis, respiratory syncytial virus (RSV) bronchiolitis, and disseminated infection with BCG. 4/18 (22%) patients developed Omenn’s syndrome-like features prior to referral. 13/18 patients (72%) had syndromic features, including CHD (N=5/18, 27%) and primary hypoparathyroidism (N=7/18, 39%). Sixteen patients (P1-16) were referred with genetically undefined T-lymphocytopaenia, including 12 patients (P1-P12) who had recently been identified and 4 patients (P13-P16) with failed immune reconstitution after prior HCT for suspected SCID (Table 1; all 4 with T-lymphocyte count <500 cells/μL and <20% of CD4+ T-lymphocytes expressing naive markers) (1). The remaining 2 patients, P17 and P18 were diagnosed with athymia, due to microdeletions at chromosome 22q11.2 and 2p11.2 respectively. They were previously treated with thymus transplantation but failed to show signs of thymic output at more than one year post-treatment (Table 1; both with <50/μL naïve CD4+ T-lymphocytes) (10, 24). No additional variants in known genes were identified by NGS in either patient. P1-P16 were investigated with clinical exome sequencing using gene panel analysis for known monogenic SCID- and athymia-causing disorders, and no pathogenic variants were identified. The majority (11/16) patients were also investigated more comprehensively with trio whole-exome-sequencing (WES) or WGS, but analyses remained inconclusive at the time of referral. In all but two patients, aCGH was performed. Chromosomal abnormalities were identified in 5 additional patients, including P5 with a microdeletion at 2p11.2, which has been associated with less severe T-lymphocytopaenia due to thymic hypoplasia (35). The duplication at 11p15.2p15.1 in P15 has not been linked to T-lymphocytopaenia (53), and the chromosomal abnormalities found in P9 and P14 have not previously been reported. For patients awaiting first-line treatment, median age at referral was 4.0m (range: 0.4-11.8m; SD: 3.1m) overall and 2.1m (range:0.4-4.0m; SD: 1.4m) when identified through NBS programmes. 

Supplementary Figure 1: Isolation of patient and healthy donor CD34+ haematopoietic stem and progenitor cells. FACS plots showing the sorting strategy used in the isolation of CD34+CD45dimCD3- HSPC from patient bone marrow mononuclear cells (A) and patient peripheral blood mononuclear cells (B). Flow plots assessing contamination by CD19+, CD16+CD56+ and CD3+ lymphocytes in a sample of magnetic bead-sorted CD34+ HSPC from healthy donor cord blood (C). 

Supplementary Figure 2: Gating strategy to evaluate ex vivo T-lymphocyte differentiation in the 2D assay by flow cytometry. Using density plots based on cell size, initial selection of lymphocytes and singlets was carried out to exclude debris and doublets respectively, as well as GFP-positive OP9 stromal cells, followed by selection of live (7AAD-negative) and CD45+ cells (A and C). Within the live CD45+ population, the expression of CD34, CD7, CD5 and CD1a was evaluated for early differentiation and T-lineage commitment markers (B), and of CD4, CD8, TCRαβ and TCRγδ for late T-lymphocyte differentiation markers (D).

Supplementary Figure 3: Gating strategy to evaluate ex vivo T-lymphocyte differentiation in the 3D assay by flow cytometry. Using density plots based on cell size, initial selection of lymphocytes and singlets was carried out to exclude debris and doublets respectively, followed by selection of live (DAPI-negative) and CD45+ (A and C). Within the live CD45+ cell population, the expression of CD34, CD7, CD5 and CD1a was evaluated for early differentiation and T-lineage commitment markers (B), and of CD4, CD8, TCRαβ and TCRγδ for late T-lymphocyte differentiation markers (D).

Supplementary Figure 4: Investigating ex vivo T-lymphocyte differentiation potential in HSPC from 18 T-lymphocytopaenic patients. Bar charts show the ratios for average proportions (A) of CD7+CD5+ and CD7+CD1a+ progenitors, and CD4+CD8+ double positive (DP) T-lymphocytes and CD3+ T-lymphocytes expressing TCRαβ or TCRγδ within live CD45+ cells in patients versus their respective controls, as ln(ratio) with a value of 0 indicating a ratio of 1. Additional bar charts show the ratios for the absolute counts (B) for DP, TCRαβ+ or TCRγδ+ CD3+ T-lymphocytes and TREC counts (TREC/106 differentiating cells) in patients versus healthy donors after 6-8 weeks of co-culture. 





Supplementary Table 1: Antibody mixes used in T-lymphocyte differentiation marker analysis for flow cytometry. 
	Antibody mix
	Antibody
	Colour
	Volume used

	Early mix
	anti-CD34
	APC/Cy7
	2 µL

	
	anti-CD45
	BV510
	2 µL

	
	anti-CD1a
	APC
	2 µL

	
	anti-CD5
	PE
	2 µL

	
	anti-CD7
	BV450
	2 µL

	Late mix
	anti-CD45
	BV510
	2 µL

	
	anti-CD3
	BV421
	2 µL

	
	anti-TCRγδ
	PE
	5 µL

	
	anti-TCRαβ
	APC
	2 µL

	
	anti-CD8
	PE/Cy7
	2 µL

	
	anti-CD4
	APC/Cy7
	2 µL



Supplementary Table 2: Manufacturer and catalogue number of antibodies, reagents and cell lines used in the project.
	Reagent/Resource
	Manufacturer
	Catalogue #

	Antibodies

	Anti-human CD34 (PE)
	BD Biosciences
	345802

	Anti-human CD34 (APC-Cy7, Mouse)
	BioLegend
	343514

	Anti-human CD3 (PerCpCy5.5, Mouse)
	BioLegend
	344807 

	Anti-human CD3 (BV421, Mouse)
	BD-Horizon
	562427

	Anti-human CD45 (BV510, Mouse)
	BD-Horizon
	563204

	Anti-human CD1a (APC, Mouse)
	BD-Pharmingen
	559775

	Anti-human CD5 (PE, Mouse)
	Beckman Coulter
	A07753

	Anti-human CD7 (BV450, Mouse)
	BD-Horizon
	642916

	Anti-human TCRγδ (PE, Mouse)
	Beckman Coulter
	B49176

	Anti-human TCRαβ (APC, Mouse)
	BioLegend
	306718

	Anti-human CD8 (PE-Cy7, Mouse)
	BD-Pharmingen
	557746

	Anti-human CD4 (APC-Cy7, Mouse)
	BD-Pharmingen
	557871

	Anti-human CD244 (FITC, Mouse)
	BioLegend
	293509

	Chemicals, Cytokines & Reagents

	DMEM 
	Gibco
	31966-021

	FBS
	Gibco
	A5209501

	PBS
	Gibco
	14190-094

	Trypsin
	Gibco
	25300-104

	Trypan Blue (0.4%)
	Gibco
	15250-061

	DMSO
	Sigma-Aldrich
	472301-500

	RPMI Medium 1640 + Glutamax
	Gibco
	61870010

	Staining buffer
	BioLegend
	420201

	Millicell Cell Culture Insert
	Millipore
	PICM0RG50

	4% B27
	ThermoFisher
	17504044

	Ascorbic Acid
	Sigma-Aldrich
	A8960-5G

	1% P/S (Penicillin/Streptomycin)
	Thermofisher
	15140-163

	Human IL-7
	Peprotech
	200-07 (10UG)

	Human Flt3-Ligand
	Peprotech
	300-19 (10UG)

	Bovine Serum Albumin (BSA)
	Sigma-Aldrich
	A9647-100G

	OneComp eBeads 
	Invitrogen
	01-1111-41

	DAPI 
	BD Biosciences
	564907

	CountBrightTM Absolute Counting Beads
	Thermofisher
	C36950

	Indirect CD34 MicroBead Kit, Human
	Miltenyi Biotec
	130-046-701

	Experimental models: Cell Lines

	MS5-hDLL1 stromal cells
	Sigma-Aldrich
	SCC166

	OP9 stromal cells
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