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Supplemental Table S1. gene list of 18.5-Mb region

gene OMIM

number

expression status in embryonic

hearts (MGI database)

cardiovascular phenotypes in

knockout mouse

(MGI database)

Congential heart

disease/phenotype

(HGMD database, etc.)

PSD3 614440 － － －

INTS10 611353 － － －

LPL 609708
E14.5: heart atrium, heart

ventricle

abnormal cardiac cell glucose

uptake, abnormal

cardiovascular system

physiology, cardiac fibrosis,

cardiac interstitial fibrosis,

increased left ventricle diastolic

pressure, increased left ventricle

systolic pressure

－

SLC18A1 193002 － － －

ATP6V1B2 606939 － － －

LZTS1 606551 － － －

GFRA2 601956 － － －

DOK2 604997 － － －

XPO7 606140 E14.0, E18.0: heart － －

NPM2 608073 － － －

FGF17

603725

E7.5, E8.0: heart; E12.5: arch of

aorta, innominate artery,dorsal

aorta; E15.5: arterial system;

E16.5: pulmonary artery,

descending thoracic aorta

－ －

EPB49 125305 － － －

HR 602302 － － －

REEP4 609349 － － －

LGI3 608302 － － －

SFTPC
178620 －

abnormal lung vasculature

morphology
－

BMP1

112264

E7.5:cardiogenic plate;

E8.5:heart;

E11.0:atrioventricular canal,

endocardial cushion; E12.5:

atrioventricular endocardial

cushion, aortico-pulmonary

spiral septum

－ －

PHYHIP 608511 － － －



MIR320A 614112 － － －

PIWIL2 610312 － － －

SLC39A14 608736 － － －

PPP3CC 114107 － － －

SORBS3

610795

E8.5, E9.5: heart; E10.5:

atrioventricular canal, outflow

tract; E13.5: heart; E14.5: heart

ventricle

－ －

PDLIM2 609722 － － －

KIAA1967 607359 － － －

BIN3 606396 － － －

EGR3 602419 － － －

PEBP4 612473 － － －

RHOBTB2 607352 E13.5: heart － －

TNFRSF10B 603612 － － －

TNFRSF10C 603613 － － －

TNFRSF10D 603614 － － －

TNFRSF10A 603611 － － －

CHMP7 611130 － － －

LOXL2 606663 －

abnormal liver vasculature

morphology , abnormal

interventricular septum

morphology

－

ENTPD4 607577
E14.5: heart atrium,

cardiovascular system
－ －

SLC25A37 610387 － － －

NKX3-1 602041

E9.5: heart, dorsal aorta;

E11.5:vertebral artery, dorsal

aorta, common dorsal aorta;

E13.5: common carotid artery;

E15.5:aorta

－ －

NKX2-6 611770

E8.0, E8.5: heart; E8.5: sinus

venosus; E9.0: heart; E10.0:

outflow tract

Nkx2-5-/Nkx2-5-,

Nkx2-6-/Nkx2-6+: absent

atrioventricular

cushions,embryonic lethality

during organogenesis；

Nkx2-5-/Nkx2-5-,

Nkx2-6-/Nkx2-6-: absent

atrioventricular cushions,

decreased cell proliferation,

embryonic growth retardation,

embryonic lethality during

organogenesis, complete

penetrance, increased apoptosis,

common arterial trunk,

TFO, DORV, and VSD



pericardial effusion, pharynx

hypoplasia

STC1 601185

E8.5: heart; E11.5: atrium

cardiac muscle,ventricle cardiac

muscle; E13.5: ventricle cardiac

muscle; E15.5: heart

－ －

ADAM28 606188 － － －

ADAMDEC1 606393 － － －

ADAM7 607310 － － －

NEFM 162250 － － －

NEFL 162280 － － －

GNRH1 152760 － － －

EBF2 609934 － － －

PPP2R2A 604941 － － －

BNIP3L 605368 －

abnormal heart left ventricle

morphology ( late after pressure

overload, mice exhibit reduced

left ventricular end-diastolic

diameter, left ventricular

dilation, and ventricular

remodeling), cardiac fibrosis,

increased cardiac muscle

contractility, decreased

cardiomyocyte apoptosis,

altered response of heart to

induced stress

－

PNMA2 603970 － － －

DPYSL2 602463 － － －

ADRA1A 104221 －

decreased vasoconstriction,

decreased heart rate variability,

hypotension

－

PTK2B 601212 －

abnormal physiological

neovascularization, abnormal

vascular endothelial cell

migration, decreased

vasodilation

－

CHRNA2 118502 － － －

EPHX2 132811
E14.5: heart atrium, heart

ventricle, cardiovascular system

decreased systemic arterial

systolic blood pressure,

abnormal retinal vasculature

morphology, abnormal vascular

branching morphogenesis

－

CLU 185430
E14.5: heart atrium, heart

ventricle, cardiovascular system,

abnormal glomerular capillary

morphology, abnormal heart
－



blood vessel morphology, abnormal

myocardium layer morphology,

abnormal myocardial fiber

morphology, decreased

myocardial fiber number,

abnormal heart ventricle

morphology, decreased cardiac

muscle contractility, heart

inflammation, myocarditis

SCARA3 602728 － － －

ESCO2 609353
E14.5: heart atrium, heart

ventricle, cardiovascular system
－ －

PBK 611210
E14.5: heart atrium, heart

ventricle, cardiovascular system
－ －

SCARA5 611306 E12.5: heart － －

ELP3 612722 － － －

PNOC 601459 － － －

ZNF395 609494 － － －

FBXO16 608519 － － －

FZD3 606143 － － －

EXTL3 605744

E14.5: heart atrium, heart

ventricle, cardiovascular system,

heart valve

－ －

INTS9 611352 － － －

KIF13B 607350 － － －

DUSP4 602747 － － －

TMEM66 614768 － － －

LEPROTL1 607338 －

abnormal heart left ventricle

morphology, thick ventricular

wall, increased heart rate

－

MBOAT4 611940 － － －

DCTN6 612963 － － －

RBPMS 601558

E9.5: heart atrium, outflow tract,

primitive ventricle, sinus

venosus; E10.5: heart atrium,

primitive ventricle

－ －

GTF2E2 189964 － － －

GSR 138300 －
abnormal retinal vasculature

morphology
－

UBXN8 602155 － － －

PPP2CB 176916 － － －

TEX15 605795 － － －

WRN 604611 －
aortic valve stenosis, cardiac

interstitial fibrosis, increased
－



left ventricle systolic pressure,

decreased systemic arterial

diastolic blood pressure, heart

inflammation

NRG1 142445

E8.5: primitive ventricle

endocardial tube; E9.5: common

atrial chamber endocardial

lining, endocardial cushion,

primitive ventricle endocardial

lining; E11.5: endocardial

cushion; E12.0: endocardial

lining; E12.5: endocardial

cushion; E13.5: endocardial

cushion; E15.0: interventricular

septum endocardial lining, left

atrium auricular region

endocardial lining, left atrium

endocardial lining, left

ventricle endocardial lining,

right atrium auricular region

endocardial lining, right atrium

endocardial lining, right

ventricle endocardial lining,

endocardial tissue; E18.0:

interventricular septum

endocardial lining, left atrium

auricular region endocardial

lining, left atrium endocardial

lining, left ventricle endocardial

lining, right atrium auricular

region endocardial lining, right

atrium endocardial lining,

right ventricle endocardial

lining, endocardial tissue

cardiovascular system

phenotype, abnormal heart

morphology, abnormal

atrioventricular cushion

morphology, failure of

atrioventricular cushion

closure,abnormal myocardium

layer morphology, decreased

heart weight, enlarged

heart,abnormal heart ventricle

morphology, absent trabeculae

carneae, trabecula carnea

hypoplasia, thin ventricular

wall,dilated heart ventricle,

enlarged pericardium, abnormal

cardiovascular system,

decreased cardiac output

physiology, poor circulation,

decreased cardiac muscle

contractility, decreased

ventricle muscle contractility,

creased left ventricle systolic

pressure, decreased heart rate,

irregular heartbeat

－

TTI2 614426 － － －



Supplemental Table S2. The data quality of exome sequencing

1. Q20 means bases of Q>=20 / all bases of sequencing, Q30 means bases of Q>=30 / all bases of sequencing

Samples

Name

Total

reads

Good

reads
Total base Q20(%)1 Q30(%)1

Mapped

Reads

Mapped

Ratio(%)

ASD

patient
84,357,684 84,357,684 12,653,652,600 96.48 91.70 84,275,124 99.9

Proband 81,857,278 81,857,278 12,278,591,700 96.35 91.43 81,776,072 99.9

Samples

Name

Unique

Mapped

Reads

Unique

Mapped

Ratio(%)

Reads on target

Region (%)

Mean

depth

Coverage

≥1X(%)

Coverage

≥10X(%)

Coverage

≥20X(%)

ASD

patient
73,803,937 87.49 74.58 113.97 99.33 98.36 96.99

Proband 72,029,667 87.99 74.50 111.65 99.34 98.36 96.94



Supplemental Table S3. The sequencing quality of other CHD genes in the ASD patient

Target

gene

Sequencing

data amount

Target

base

Mean

depth

Coverage

≥ 1X(%)

Coverage

≥10X(%)

Coverage

≥20X(%)

GATA4 177353 2254 78.68 100 99.78 90.42

NKX2-5 183402 1606 114.2 100 94.65 93.65

TBX5 305702 2652 115.27 100 100 100

JAG1 810728 7000 115.82 100 100 99.66

NOTCH1 1398368 10650 131.3 100 99.38 96.3

NOTCH2 1241114 11136 111.45 100 100 99.69

TBX1 259406 2291 113.23 100 99.87 94.85

GATA6 196661 2149 91.51 100 90.55 83.76

CITED2 177824 1007 176.59 100 100 100

ZFPM2

(FOG2)
611859 5278 115.93 100 100 100

ISL1 221116 1631 135.57 100 100 100

MEF2C 314712 2501 125.83 100 100 99.24

NR2F2 323789 1875 172.69 100 100 100

PITX2 316664 2123 149.16 100 100 100

SRF 383763 2713 141.45 100 100 99.48

The sequencing quality of other CHD genes in the proband

Target

gene

Sequencing

data amount

Target

base

Mean

depth

Coverage

≥ 1X(%)

Coverage

≥10X(%)

Coverage

≥20X(%)

GATA4 175042 2254 77.66 100 98.67 84.65

NKX2-5 216595 1606 134.87 100 99.38 95.45

TBX5 312055 2652 117.67 100 100 100

JAG1 823861 7000 117.69 100 100 99.46

NOTCH1 1463326 10650 137.4 100 99.59 96.15

NOTCH2 1204863 11136 108.2 100 100 99.87

TBX1 270063 2291 117.88 100 100 98.34

GATA6 216836 2149 100.9 100 100 83.25

CITED2 189900 1007 188.58 100 100 100

ZFPM2

(FOG2)
594682 5278 112.67 100 100 100

ISL1 233953 1631 143.44 100 100 99.45

MEF2C 312051 2501 124.77 100 100 100

NR2F2 382517 1875 204.01 100 100 100

PITX2 327443 2123 154.24 100 100 99.29

SRF 376498 2713 138.78 100 99.19 96.39



Supplemental Figure S1. The mass spectrogram of c.1A>T mutant NKX2-6 protein
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