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Supplementary tables

Supplementary table 1: Rare, damaging variants that segregate with disease in family
3467.

INHERITANCE
MODEL De novo Compound heterozygous
Gene name PBX1 ESPNL OBSCN ATRN
Chromosome CHR1 CHR2 CHR1 CHR20
Genomic 228503767, 3565467;
positiont 164768976 | 239039979 | 558520630 3578621
Non- Non-
Variant type Non- Non- synonymous; synonymous;
synonymous | synonymous non- non-
synonymous synonymous
DNA variant 16103G>A; 3124C>T,
change 551G>C 2624G>A 18593A>G 3538A>G
Amino acid R5368Q; L1042F;
change R184P R875Q Y6198C 11180V
13
gnomAD . .
3 (0.00005698); 0(0); 8
Heter(‘ﬁﬂz)ﬁ?:‘)ﬁes G 000 (0.00001453) 14 (0.00003186)
(0.00004999)
gnomAD . .
Homozygotes # 0 0 0.0 0.0
CADD-PHRED 33 19.98 29.8; 28 22.1; 27.4
0.976
PolyPhen2- 0.995 0.997 dg’r:f;’aig'y)_ 0'%2fng’r%b"’;?'y
HVAR (probably (probably ging), 9 bgbl
(prediction) damaging) damaging) 0.999 . (pr(_) ably
(probably damaging)
damaging)

As the proband has sporadic CHD, variants that were de novo, recessive and compound
heterozygous were considered. They were filtered by minor allele frequency (<0.01) and by predicted
pathogenicity by CADD-PHRED (=15) and Polyphen-HVAR (=0.446). Two de novo variants in genes
PBX1 and ESPNL as well as compound heterozygous variants in OBSCN and ATRN were identified.
TRelative to hg19. MAF: Minor Allele Frequency, with respect to gnomAD. PolyPhen2-HVAR: 0

(benign) — 1 (probably damaging). CADD-PHRED: 1-99; 210 (top 10% of deleterious mutation); 220
(top 1% of deleterious mutation).



Supplementary table 2. Phenotype details of patients reported with pathogenic, single gene PBX1 variants. Patients with missense variants
are presented first, followed by patients with loss-of-function alleles.

Missense

Amino acid position R184P°¢ M224K R227P R234P R235Q R235Q R235Q

Renal/ Urinary Increased renal Increased renal Bilateral dilated
echogenicity cortical ureters

echogenicity, mild

left pyelocaliectasis

Skeletal Mild clinodactyly Radiocubital
synostosis




Digestive Feeding intolerance, Gastrointestinal
oral motor dysfunction, reflux disease,
gastroesophageal dysphagia
reflux disease,
pancreatic insufficiency

Nervous system Autism Hypoplasia of corpus Hypotonia Cortical
callosum, parenchymal hyperintensity,
volume loss, diffuse cerebellar
hypotonia, microhaemorrhages,
dysautonomia mild subdural

hematoma

Thromobocytopenia Hemangioma Nail bed
hypoplasia,
nuchal cystic
hygroma




Amino acid
position

Renal/ Urinary

Skeletal

Digestive

G138Vis*40

Small
hyperechogenic
kidneys

Short clavicles,
bilateral
clinodactyly

N143Tfs*37

Renal
hypoplasia

Scoliosis

R184*

Hyperechogenic
kidneys with
cysts

S$262Qfs*2

Renal
hypoplasia,
increased renal

cortex
echogenicity,
malrotated right
kidney

Type 1
choledochal
cyst

R288*

Hypoplastic
kidneys,
urinary tract
infections

Mild
brachydactyly,
slender fingers
and toes

Constipation

1.5Mb deletion
(only PBX1)

Bilateral renal
hypoplasia,
hyperechogenicity

Shoulder blade
anomaly,
acromioclavicular
joint, skull basis,
vertebral defects,
hip dislocation

0.276 MB
deletion (only
PBX1)

Bilateral renal
hypoplasia, right
renal ectopia, right
renal dysplasia

Joint laxity

Deletion of one
PBX1 allele

Small dysplastic
horseshoe
kidney

Deletion of one
PBX1 allele

Single
hyperechogenic
kidney




Nervous system Mild truncal Autism Hypotonia
and axial
hypotonia

Asymmetric Otitis media,

gluteal cleft pes
planovalgus
(flat feet)

(3Slavotinek et al., 2017 (1), "Eozenou et al., 2019 (2), °Current manuscript, *Riedhammer et al., 2017 (3), Heidet et al., 2017 (4), 9Le Tanno et
al., 2017 (5)). “Other include phenotypes that do not fall within any other category.



Supplementary figures
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Supplementary figure 1. (A) Amino acid sequence conservation between human and mouse PBX1. The 430 amino acid protein is completely
conserved between the two species. Residue R184 is indicated in red. (B) Sanger sequencing of the founder PBX1-R184P mouse created by
Crispr-Cas9. Nucleotide change Pbx1:c.551G>C is observed in the founder and not present in wild-type, unaltered mice.
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Supplementary figure 2. Mendelian ratios observed in embryos derived from matings between heterozygous males and heterozygous females
at six stages of development (E11.5, E13.5, E14.5, E15.5, E17.5 and birth). Chi-square test was performed to detect deviations from expected
versus observed numbers of embryos for wild-type (+/+), heterozygous (+/R184P) and homozygous (R184P/R184P) genotypes.
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Supplementary figure 3. Embryonic body weights and body volumes of the wild-type, heterozygous and homozygous embryos at four stages of
development (E13.5, E14.5, E15.5 and E17.5). (n = 12 per stage, * p <0.05, ** p <0.01, *** p <0.001)
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Supplementary figure 4. R184P/R184P homozygous embryos exhibited abnormal adrenal glands, spleen and thymi. Adrenal glands and spleen
were aplastic. Thymi were absent or ectopic. Defects in these organs were not observed in wild-type or heterozygous embryos. (n = 15 per

stage).
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Umbilical hernia
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Supplementary figure 5. Umbilical hernia was observed in wild-type, heterozygous and homozygous embryos at E13.5, E14.5 and E15.5. At
E17.5, wild-type embryos no longer exhibited umbilical hernia. 12.5% of heterozygous embryos had umbilical hernia. All homozygous embryos
continued to exhibit umbilical hernia. Subcutaneous oedema was observed in 27% of heterozygous embryos at E13.5, 12% at E14.5, 10% at

E15.5, and 12.5% at E17.5. All homozygous embryos displayed subcutaneous oedema at all stages analysed. This phenotype was not
observed in any wild-type embryos analysed. (n = 15 per stage).
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Qcular phenotypes
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Supplementary figure 6. Eyes stay open in wild-type, heterozygous and homozygous embryos at E13.5, E14.5 and E15.5. At E17.5, wild-type
and heterozygous embryos have closed eyes. At this stage, the homozygous embryos continue to display open eyes. At E13.5, all wild-type,
heterozygous and homozygous embryos had unfused secondary palatal shelves. At E14.5, 13% of wild-type and 12% of heterozygous
embryos had fused palatal shelves. At E15.5 and at E17.5, all wild-type and heterozygous embryos had fused palatal shelves. Homozygous
embryos at these stages continued to exhibit unfused palatal shelves. In homozygous embryos, trachea were atretic at all stages. The larynx
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was atretic until E17.5. In heterozygous embryos, 12% had atretic larynx at E13.5 and E14.5, and were normal at E15.5 and E17.5. Atretic
larynx were observed in 13% of wild-type embryos at E14.5 and at no other stages. (n 2 14 per stage).
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