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Figure S1
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Figure S1. Crkl gene targeting to generate various alleles.

The mouse Crkl locus indicating the position of exon 1 is shown. The three-loxP
sites are indicated as three different colors (yellow, orange and green triangles).
The loxP sites flank exon 1 and either side of the Neomycin cassette (black
box). The targeting construct and vector (gray boxes) are shown (MOD, 7.8 kb).
Genomic Southern hybridization was performed to detect the correctly targeted
Crkl allele. Two different digests of tail DNA was performed, one using BspH1
(left) and the other Aflll (right). A probe (black bar) was used outside the
targeting construct, such that correct targeting could be detected. Bands of the
correct targeted size were detected by genomic Southern blot hybridization.



Figure S2
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Figure S2. Overriding aorta and ventricular septal defect in a CrkI-NEO/NEO
embryo.

Transverse histological sections of a Crkl-WT (A, B and C) versus Crkl-NEO/NEO
embryonic mouse heart (D, E and F) at E15.5 stained with hematoxylin and eosin.
Arrow (D) shows the aorta on top of RV (Ao). Inset (D) shows the aortic valve and
the pulmonary valve at the same level. Arrow (E) shows a VSD and (F) denotes
atrioventricular cushions with blunted valves. RA = right atrium, RV = right
ventricle, LA = left atrium, LV= left ventricle, Ao = Aorta, PV = pulmonary valve, VS
= ventricular septum.



Figure S3
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Figure S3. Double outlet right ventricle in a CrkI/-NEO/- embryo.

Transverse histological sections of the aorta and pulmonary trunk or heart (inset)
in a Crkl-HET (A) versus Crkl-NEO/- embryo (B) at E15.5 stained with
hematoxylin and eosin. Normally, the aorta and pulmonary trunk do not enter the
right ventricle (A). Arrow (B) shows the aorta and the pulmonary trunk connected
to the RV in the Crkl-NEO/- embryo. In the Crkl-NEO/- embryo, a VSD is also
present (arrow in inset in B), which is absent in the heterozygous embryo (inset
in A). RA = right atrium, RV = right ventricle, LA = left atrium, LV= left ventricle,
Ao = Aorta, PT = pulmonary trunk.



Table S1

PATIENT ID# DELETION TYPE Cardiac diagnosis of new cohort of patients (probands)
11701-A B-D Normal echo
11702-A B-D Normal echo
11707-A B-D Normal echo and MRI
11745-A B-D Normal Echo
11762 B-D TOF
11772-A B-D VSD/ASD
11773-A B-D PTA
11782-A B-D Normal echo
11783-A B-D IAAB/VSD/bicuspid aortic valve
11784-A B-D TOF
11812-A B-D Normal echo
11952-A B-D Normal echo
12001 B-D Normal echo
12039-A B-D VSD/ASD
12040-A B-D Normal echo
12085-A B-D Normal echo
12086 B-D Normal echo
12098-A B-D VSD/bicuspid aortic valve/severe discrete coarcation of the aorta
12145 B-D VSD
12167 B-D Normal echo
e
11687 C-D Normal echo
11916 C-D Normal echo
12144 C-D TOF
12150 C-D Normal echo
12164 C-D Normal echo

Table S1. List of patients ascertained.

Twenty new LCR22B-D (B-D) and five LCR22C-D (C-D) probands are shown with
their identification numbers and cardiac diagnoses. Echo is an abbreviation for
echocardiogram. TOF, VSD, ASD, IAAB = interrupted aortic arch type B, PTA.



Table S2

ALLELIC COMBINATION Crkl- | Crkl- | Crkl- CrkI- Crkl- Crkl-
WT | NEO/ | HET NEO/ NEO/- KO
+ NEO
CARDIAC PHENOTYPE n/N n/N n/N n/N n/N n/N
E15.5 (%) | (%) (%) (%) (%) (%)
OFT OVERRIDING | - - - 5/25 (20) - -
ALIGNMENT Ao (OA)
- - - 2/25 (8) | 10/15 (67) | 5/24 (21)
DORV
- - - 1125 (4) | 3115 (20) | 6/24 (25)
TOF
- - - 9/25 (36) | 13/15 (87) | 11/24 (46)
a VSD
o
I Thick - - - 1125 (4) | 3/15(20) | 6/24 (25)
E RV
Z
W | THICKNESS
Thin - - - 2/25 (8) | 10/15 (67) | 5/24 (21)
RV
ASD - - - 1125 (4) - 1124 (4)
NO DEFECTS 23/2 | 20/20 | 11/11 4/25 2/15 0/24
3 (100) | (100) (16) (13) (0)

(100




Table S2. Cardiac phenotypes in embryonic hearts from the Crkl allelic series.
The different genotypes that were generated from the different Crkl/ alleles are listed
in the first row of the Table. OFT alignment defects are listed as one category.
DORYV; TOF. Various intracardiac defects included VSD and defects in the thickness
of the myocardium, including thicker (hypertrophic) or thinner (dilated) muscular wall
of the right ventricle in association with other defects. Few embryos had ASDs. Note
that approximately 15% of CrklI-NEO/NEO or Crkl-NEO/- embryos had no detectable
heart defects. The severity and types of defects vary among the different alleles.



Table S3

Gene HUGO Exon Function
symbol gene name | Strand | cdsStart cdsEnd Count LCR22 PMID
May function in
RNA maturation
and
transcriptional
regulation;

Zinc finger present in the 12
ZNF74 protein 74 + 20748918 20759946 4 B-C nuclear matrix )
Recessive
mutations cause
Van Den Ende-
Gupta
syndrome;
craniofacial
features, skeletal
Scavenger abnormalities.
receptor Ca+ binding
class F, protein in 34
SCARF2 | member 2 - 20779664 20792041 12 B-C epidermis. )
Adaptor protein
that works with
other proteins to
regulate
Kelch-like chromosome
family alignmentduring | g5 g
KLHL22 member 22 | - 20796359 20843498 7 B-C mitosis. y
Transcrptional
coactivator in
RNA polymerase
Mediator Il transcription;
complex Part of Mediator 78

MED15 subunit 15 + 20861965 20940991 18 B-C comilex. )

Catalyzes first
step in
biosynthesis of
phosphatidylinos

itol 4,5-
Phosphatid bisphosphate;
ylinositol 4- knockout mice
kinase, show early
catalytic, embryonic 910
PI4KA alpha - 21062334 21213013 55 C-D lethality. y
Serine
Serpin proteinase
peptidase inhibitor that
inhibitor, inhibits thrombin
clade D; in coagulation
also called cascade;
SERPIN Heparin Regulates 1112 13
D1 cofactor Il + 21133600 21141354 5 C-D angiogenesis s
Synaptic vesicle
membrane
docking; gene
for Cednik
syndrome
Synaptoso (cerebral
mal- dysgenesis,
associated neuropathy,
protein, ichthyosis, 14 15

SNAP29 | 29kDa + 21213398 21242124 5 C-D keratoderma) y




v-crk avian .
Cytoplasmic
sarcoma adaptor to
virus CT10 .
oncogene rgceptor tyrosine
kinases; MAPK
homolog- athwa 16 17
CRKL like + 21272222 21304133 3 C-D P v ’
LOC1019
28891 + 21318968 21318968 2 C-D
Apoptosis-
inducing
factor, Target gene of
mitochondri miR-210,
on- induced by
associated, hypoxia.
3; alias, 18
AIFM3 AIFL + 21322232 21335320 21 C-D
BTB-kelch
superfamily
gene, localizes
to the Golgi
network.
Mutations
(autosomal
Leucine- dominant with
zipper-like SMARCB1
transcriptio mutations)
n regulator cause multiple 19 20
LZTR1 1 + 21336660 21351637 21 C-D schwannomas. y
Chromatin
modifier; targets
THAP deacetylation of
domain histone; recruits 21 22
THAP7 containing 7 | - 21354168 21356200 5 C-D HDAC3 ’
P2X receptors,
Purinergic ATP-gated ion
receptor channels in
P2X, skeletal muscle.
ligand- Associated with
gated ion cadherin in 23 24
P2RX6 channel, 6 + 21369463 21380906 12 C-D endothelial cells. y
Solute -
carrier S'”.“'a.r o .
. cationic amino
family 7, acid transporters | 25
SLC7A4 member 4 - 21383343 21386101 5 C-D
Leucine rich
repeat
LRRC74 containing
B 74B + 21400275 21414817 10 C-D

Table S3. The genes in the LCR22B-D interval.
The gene symbol, detailed coordinates, full name, exon number, location (B-C; C-D), biological
functional information from the literature are indicated.
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