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Supplemental Figure 1. Identification of high confidence rare ERG variants from population databases.
Rare ERG variants from population databases (UK Biobank, All of Us, RGC) that passed a filtering strategy based
on (i) variant type, (i1) ultra-rare allele frequency in population and (iii) in silico pathogenicity predictions using
established algorithms (i.e. REVEL) and/or location (functional domain).
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@ Aortic and mitral valve atresias.
@ Mitral and aortic valve disorders (Thrombocytopenia, neutropenia)
@ Abdominal aortic aneurysm (Thrombocytopenia)
@ Bicuspid aortic valve
Aorta dilation (aneurysm)
@ Aortic regurgitation (Lymphedema)
Aortic aneurysms (Thrombocytopenia)
@ Aortic valve insufficiency (MDS)
@ Disorders of both mitral and tricuspid valves
@ Aortic regurgitation, ascending aorta aneurysm

B Abnormality of the cardiovascular system
Abnormal cardiovascular system morphology
Abnormal Heart morphology
Abnormal Heart valve morphology

Abnormal aortic valve morphology
@ Aortic valve atresia

Aortic valve calcification
Abnormal aortic valve cusp morphology
|—‘ Bicuspid aortic valve

Vascular dilation
® @ ® @ Aortic aneurysm
Abnormal cardiovascular system physiology
Abnormal Heart valve physiology
L Abnormal aortic valve physiology

P. Aortic regurgitation
- Aortic valve stenosis

Supplemental Figure 2. Phenotypic breakdown of rare germline ERG variants identified in patients with
aortic/mitral valve morphology and/or physiology and/or aortic aneurysm. A) Rare germline ERG variants from
patients carrying aortic/mitral valve morphology and/or physiology and/or aortic aneurysm phenotypes are mapped
onto the ERG protein (isoform, NP _891548.1; transcript, NM_182918.4). Previously reported ERG deficiency
syndrome phenotypes (blood-related and lymphatic) included (brackets). ETS DNA binding domain (ETS); Pointed
domain (PNT); exon junctions (black dotted lines). B) Patients with aortic valve dysfunction phenotypes mapped onto
HPO term tree stemming from abnormality of the cardiovascular system. Variants (Y23*, P128S) could not be
mapped due to unavailable clinical diagnosis information.



AlphaMissense in-silico pathogenicity scores for ERG variants
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Supplemental Figure 3. In silico pathogenicity predictor scores for ERG variants. REVEL (grey) and
AlphaMissense (red) scores of every possible variation at each amino acid position in NP_891548.1 were averaged
and plotted. Average REVEL and AlphaMissense scores indicate pathogenicity (0.6-1.0), variants of uncertain
significance (0.3-0.6) and likely benign (0.0-0.3). ETS DNA binding domain (ETS) and Pointed domain (PNT)
indicated by broken black lines. Missense variants from study indicated by larger dot.
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Supplemental Figure 4. Functional validation of ERG variants. K562 cells were transfected with pcDNA3 empty
vector (EV) or pcDNA3-ERG (WT or variants) and co-transfected with a luciferase reporter plasmid driven by a
ITGA2B promoter-Luc using lipofectamine 2000 and incubated for 20 hours before collection (quadruplicate
replicates, repeated 3 times). Fold change (mean = SEM) compared to the ERG is plotted. Pairwise comparisons are
shown (* P <0.05, ** P <0.01, *** P<0.001, **** P <0.0001 compared to ERG WT).
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Supplemental Figure 5. Western blot of ERG-mutant lysates. Western blot of ERG-mutant lysates (previously
published and novel variants). All ERG variants produced protein, except for A227Sfs*12 and Y372* (unstable).
ERG early termination lysates demonstrates re-initiation and expression of smaller protein. Western blots were
performed according to standard protocols probing with anti-ERG (ab92513, Abcam 1:1000) and a fluorescent
secondary anti-rabbit antibody (LCR-925-68071, LI-COR 1:10,000) and anti-Bactin (3700S, CST 1:1000) and a
fluorescent secondary anti-mouse antibody (LCR-925-32210, LICOR 1:10,000).
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Supplemental Figure 6. ERG early terminations likely re-initiate translation. Early termination variants have
inframe translation initiation sites immediately downstream, red.



Supplemental Figure 7. Predicted modelling of Y386 missense variant. Predicted effect of ERG ETS domain
variants on DNA binding - no predicted polar contacts (any hydrogen bonds) were identified. DNA (black double
helix), indicated amino acid (cyan). 3D protein modelling performed on an ERG-DNA X-ray crystallography model
(PDB ID: 6VGE A chain) obtained from UNIPROT online database. PyMOL was used to visualise the predicted
structural impact of each variant.
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Supplemental Figure 8. Assessing the phenotypic similarity between Erg mouse models and human diseases
revealed the two most frequently affected systems were the hematopoietic and cardiovascular systems. A)
PhenoDigm scores were used to assess phenotypic similarity between human diseases and multiple Erg mouse models,
including International Mouse Phenotyping Consortium (IMPC) and previously described targeted alleles
(Ergem!(IMPC)Bay - Eromld2/Erot  Ergtml1Path/Erotml-IPath apq Ergtm2Poct/Ergtm2Pocty Each IMPC documented disease was
categorized into a physiological system, allowing for a system-wide analysis of ERG-linked phenotypes. The
frequency of each physiological system was quantified, and only high-confidence associations (PhenoDigm scores
>50) were included. Frequencies are shown for physiological systems observed more than five times. B) Top 5 most
frequent IMPC diseases documented in the cardiovascular system.



Supplemental Figure 9. ERG expression in developing mitral valve. Coronal sections through the mitral valve of
E13.5 wild type mouse embryos, immunostained for CD31 and ERG. ERG is highly expressed in the mitral valve
(indicated by green arrow).



Supplemental Tables

Supplemental Table 1: Summary of all new and reported ERG variants in patients/families with ERG deficiency syndrome (SGR of pathogenic ERG variant and/or aortic/mitral valve morphology and/or physiology
and/or aortic aneurysm, HM/BMF and/or lymphedema phenotypes). Variant Allele frequency (VAF); Aortic aneurysm (AA); Aortic valve dysfunction (AV); Mitral valve dysfunction (MV); tricuspid valve dysfunction (TV);
Thrombocytopenia (Thr); Neutropenia (Neu); Pancytopenia (Pan); Inherited bleeding disorder (IBD); Myelodysplastic syndrome (MDS); Acute Myeloid Leukemia (AML); Acute lymphoblastic leukemia (ALL); Chronic lymphocytic
leukemia (CLL); American College of Medical Genetics and Genomics (ACMG); Pathogenic (P); Likely Pathogenic (LP); Variant of Uncertain Significance (VUS); Variant of Uncertain Significance favoring pathogenicity (VUS-A).
Families highlighted within black box.
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Supplemental Table 2:
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Supplemental Table 5: Rare ERG heterozygous variants found in patients with cnLOH across the ERG locus.

C44.7 Skin of lower limb, including hip, C50.9 Breast, unspecified, D22.3 Melanocytic nacvi of other and unspecified parts of face, E78.0 Pure hypercholesterolacmia,
F32.9 Depressive episode, unspecified, F41.9 Anxiety disorder, unspecified, H11.4 Other conjunctival vascular disorders and cysts, H21.8 Other specified disorders of iris
and ciliary body, H25.8 Other senile cataract, I10 Essential (primary) hypertension, 183.9 Varicose veins of lower ities without ulcer or i ion, 197.8 Other
postprocedural disorders of circulatory system, not elsewhere classified, J34.8 Other specified disorders of nose and nasal sinuses, J44.9 Chronic obstructive pulmonary
disease, unspecified, K21.0 Gastro-oesophageal reflux disease with oesophagitis, K21.9 Gastro-oesophageal reflux discase without oesophagitis, K31.7 Polyp of stomach
Phe3i6Len 207 0853 and K40.9 Unilateral or ified inguinal hernia, without obstruction or gangrene, K44.9 Diaphragmatic hernia without obstruction or gangrene, L90.5 Scar
P orgLy | Missense 25 Female  Blood 1 0 i @55 likely inherited ~ Yes  Nomercported  conditions and fibrosis of skin, L98.9 Disorder of skin and tissue, ified, M13.9 Arthritis, ified, M21.24 Flexion deformity (Hand), M24.54
- - Contracture of joint (Hand), M79.86 Other specified soft tissuc disorders (Lower leg), R06.0 Dyspnoca, S01.2 Open wound of nose, $02.20 Fracture of nasal bones
(closed), S09.9 Unspecified injury of head, $61.0 Open wound of finger(s) without damage to nail, $63.1 Dislocation finger, T92.3 Sequelac of dislocation, sprain and
strain of upper limb, WO1.9 Unspecificd place, W10.5 Trade and service area, Y48.3 Local anacsthetics, Y86 Sequelae of other accidents, Z09.8 Follow-up examination
after other treatment for other conditions, Z85.0 Personal history of malignant ncoplasm of digestive organs, Z85.3 Personal history of malignant neoplasm of breast, Z85.8
Personal history of malignant neoplasms of other organs and systems, Z87.1 Personal history of diseases of the digestive system, Z88.5 Personal history of allergy to
narcotic agent, Z88.6 Personal history of allergy to analgesic agent, Z92.2 Personal history of long-term (current) use of other medicaments

B95.6 Staphylococcus aureus as the cause of diseases classified to other chapters, C50.9 Breast, unspecified, C77.3 Axillary and upper limb lymph nodes, D12.2 Ascending
colon, D12.3 Transverse colon, E66.9 Obesity, unspecified, H90.3 Sensorineural hearing loss, bilateral, 110 Essential (primary) hypertension, K57.3 Diverticular discase of
B 0939 large intestine without perforation or abscess, K63.5 Polyp of colon, L03.3 Cellulitis of trunk, M19.91 Arthrosis, unspecified (Shoulder region), M75.4 Impingement
19 Female Blood 0 1 o) ©987) likely inherited ~ Yes  Hypertension  syndrome of shoulder, R00.2 Palpitations, R19.5 Other fecal abnormalities, T85.7 Infection and inflammatory reaction due to other internal prosthetic devices, implants and
- g grafts, Z85.3 Personal history of malignant neoplasm of breast, Z88.0 Personal history of allergy to penicillin, Z88.2 Personal history of allergy to sulphonamides, Z88.3
Personal history of allergy to other anti-infective agents, Z88.8 Personal history of allérgy to other drugs, medicaments and biological substances, Z90.1 Acquired absence
of breasi(s)
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Supplemental Table 6: ERG-specific ACMG-AMP guideli developed for variant classifi

The framework incorporates pathogenic variant—defining features (e.g., SGR [PM3]), curated phenotypic evidence, and expert consensus on the weighting of functional and computational data.

Criteria When to apply Up/downgrade Why Other notes
Terminations removing DNA binding domain PVS1 Literature and functional studies suggest this is the most important domain to do
ERGs TF role.
Terminations If termination is after 400 aa PVSI Moderate Although the termination does not remove the DNA binding domain, functional To apply this we are assuming clinical validity classification of gene is STRONG or DEFINITIVE. ClinGene curation
(PVSI) - studies suggest a functional consequence for N-terminal terminations panel in Dec/Jan
If termination is before 68 aa PVSI_Moderate Re-initiation sites at position 33 and 68. Althoggh_]ust cDNA constructs, we have
shown these do re-initiate here.
De novo Proven de novo PS2 Variants identified as de novo in patients with ERG deficiency syndrome,
(PS2) confirmed by parental testing, provide strong evidence of pathogenicity.

Functional data
(PS3)

Complete LOF in any functional assay
(transactivation, DNA binding and subcellular PS3
localisation)

Partial loss (~50% loss in transactivation assay) PS3

Significant changes in any functional assay PS3_Supporting

LOF in one assay WT like in another PS3_Moderate

Complete LOF in any assay indicates loss of ERG’s ability to act as a transcription
factor.

A reduction of ~50% in transactivation activity has been called to represent the
functional threshold that results in pathogenicity
Significant alterations in any functional assay demonstrates impaired ERG function
and supports pathogenicity
LOF in one assay, (even if WT activity is retained in another) still supports
pathogenicity, as disruption of a single critical ERG function (e.g., DNA binding or
transactivation) is sufficient to impair its role as a transcription factor.

Hot spot
(PM1)

Between amino acids 340-365 PMI_Supporting
Between amino acids 370-375 PM1

Between amino acids 380-390 PMI_Supporting

Variants clustered between amino acids 340-365 occur within a mutational hot spot
critical for ERG function and often result in patrial LOF shown by functional
assays. Variants 365 - 370 (although no functional data has been accumulated so
far, would predict to also be PM1_Supporting)

Variants clustered between amino acids 370-375 occur within a mutational hot spot
critical for ERG function, often resulting in complete LOF in functional assays

Variants clustered between amino acids 380-390 occur within a mutational hot spot
critical for ERG function and often result in patrial LOF shown by functional
assays. Variants 375 - 380 (although no functional data has been accumulated so
far, would predict to also be PM1_Supporting)

Absence in general population

LOF variants (i.e. premature termination stops and
frameshifts, and splice site variants) seen <5 times in PM2
gnomAD

Missense variants seen < 5 times in gnomAD PM2_Supporting

LOF variants are markedly rarer in the general population compared with missense
variants, and no variant observed more than five times has been associated with
pathogenicity or functional impact.

No missense variant observed more than five times has been associated with
pathogenicity or functional impact.

Surrogate for SGR
(PM3)

cnLOH across 21q present through SNP array/B-allele PM3
frequency plot

To date, SGR has only been present in patients harboring LP/P ERG variants and
therefore we are calling this an indicator of pathogenicity

Seen before at same residue

variant affecting the same amino acid residue as a

A novel variant affecting the same amino acid residue as a previously established

previously established pathogenic or likely pathogenic PM5 pathogenic or likely pathogenic variant Provldes moderate evidence for
pathogenicity.
Multiple affected family members The variant is observed in multiple affected family PP1 Co-segregation of the variant with disease in multiple affected family members
(PP1) members. provides supporting evidence for pathogenicity.
All such variants to date have been pathogenic and demonstrated functional
REVEL > 0.8 (CADD ~30) PP3_Strong Based on observations to date, REVEL scores are weighted more heavily than CADD. Computational predictions should

Computational evidence
(PP3)

REVEL > 0.6 (CADD ~25)
REVEL > 0.3 (CADD ~20)

PP3_Moderate
PP3_Supporting

consequences.
Most variants to date have been LP/P and demonstrated functional consequences

Some variants to date have been LP/P and demonstrated functional consequences

be considered alongside functional data to avoid false positives. For example, variants with high REVEL/CADD scores

but no demonstrable functional consequence should not be overcalled as pathogenic.




