
	Additional file 3. Genes and disease.

	Gene
	Number of Cases
	Disease

	L1CAM
	10
	Lissencephaly type 3, Corpus callosum, partial agenesis of 

	TUBA1A
	10
	X-linked hydrocephaly, partial agenesis of corpus callosum

	CHD7 
	8
	CHARGE syndrome

	TMEM67 
	7
	Meckel Gruber syndrome，Meckel Gruber syndrome3

	ARID1B
	6
	Coffin-Siris syndrome1 

	ARX 
	5
	Proud syndrome，Hydranencephaly with abnormal genitalia，
Lissencephaly, X‐linked 2，Developmental and epileptic encephalopathy 1

	CC2D2A 
	5
	Joubert syndrome 9，Meckel syndrome 6

	COL4A1 
	5
	Hemorrhage, intracerebral, susceptibility to,  Microangiopathy and leukoencephalopathy, pontine, autosomal dominant

	PTPN11 
	5
	Noonan syndrome

	TUBB3 
	5
	Cortical dysplasia, complex, with other brain malformations 1

	CEP290 
	4
	Meckel Syndrome 4

	PDHA1 
	4
	Pyruvate dehydrogenase E1α deficiency

	TREX1 
	4
	Aicardi-Goutieres syndrome

	TUBB 
	4
	Cortical dysplasia, complex, with other brain malformations 6

	ZIC2 
	4
	Holoprosencephaly 5 

	FGFR2 
	3
	Apert syndrome，Pfeiffer syndrome Antley-Bixler syndrome

	FGFR3
	3
	Thanatophoric dysplasia, type II

	KANSL1 
	3
	Koolen–de Vries syndrome

	NFIA 
	3
	Brain malformations with or without urinary tract defects 

	PPP2R1A 
	3
	Mental retardation

	TSC2 
	3
	 Tuberous sclerosis-2

	TUBB2B 
	3
	Cortical dysplasia complex, with other brain malformations7

	ACTB 
	2
	Baraitser-Winter syndrome 1

	ALDH7A1 
	2
	Epilepsy, early-onset, 4, vitamin B6-dependent

	ALG3
	2
	Congenital disorder of glycosylation

	ARID1A
	2
	Coffin ‐Siris syndrome

	B3GALNT2
	2
	Muscular dystrophy-dystroglycanopathy， type A,11

	DHCR7
	2
	Smith-Lemli-Opitz syndrome

	EBP 
	2
	MEND syndrome

	EFTUD2
	2
	Mandibulofacial dysostosis, Guion-Almeida type

	FAM20C
	2
	Raine syndrome

	FOXG1 
	2
	Rett syndrome, congenital variant

	GLI2 
	2
	Holoprosencephaly 9, Orofaciodigital syndrome I

	ISPD 
	2
	Muscular dystrophy-dystroglycanopathy, type A, 7(MDDGA7)

	KAT6B 
	2
	Genitopatellar syndrome

	KIAA1109 
	2
	Alkuraya_x005f Kucinskas syndrome

	NF1
	2
	Neurofibromatosis, type I

	OFD1 
	2
	Joubert syndrome 10, Orofaciodigital syndrome I

	POMT1
	2
	Muscular dystrophy-dystroglycanopathy, type A，1

	PTCH1 
	2
	Basal cell nevus syndrome 1

	PTDSS1 
	2
	Lenz‐Majewski hyperostotic dwarfism 

	SMC1A 
	2
	Cornelia De Lange syndrome2, Developmental and epileptic encephalopathy 85, with or without midline brain defects

	STIL
	2
	 Microcephaly 7, primary

	TCF12
	2
	Craniosynostosis 3

	TMEM231 
	2
	Meckel Syndrome 11， Meckel syndrome 1

	VRK1 
	2
	pontocerebellar hypoplasia type 1 A

	ACO2
	1
	Infantile cerebellar-retinal degeneration

	ADCY5
	1
	Dyskinesia with orofacial involvement, autosomal dominant

	AKT1
	1
	Proteus syndrome

	AP4M1
	1
	Spastic paraplegia50, autosomal recessive

	AP571
	1
	Spastic paraplegia 48, (AR)

	AR
	1
	Androgen Insensitivity syndrome

	ASPM
	1
	Congenital Microcephaly 5

	ATAD3A
	1
	Harel-Yoon syndrome

	ATRX
	1
	Intellectual disability-hypotonic facies syndrome, X-linked

	B3GLCT
	1
	Peters plus syndrome

	CCDC22
	1
	Ritscher-Schinzel syndrome 2

	CENPJ
	1
	Heterotopia, periventricular, 1

	CEP135
	1
	Congenital Microcephaly 8

	CEP85L
	1
	 Lissencephaly 10

	CLTC
	1
	Intellectual developmental disorder, autosomal dominant 56

	COL4A2
	1
	Hemorrhage, intracerebral, susceptibility to

	CPLANE1
	1
	Joubert syndrome17

	CPT2
	1
	CPT II deficiency, lethal neonatal

	CRADD
	1
	Intellectual developmental disorder, autosomal recessive 34, with variant lissencephaly

	CSPP1
	1
	Joubert syndrome 21

	DCC
	1
	Mirror movements 1 and/or agenesis of the corpus callosum

	DLL1
	1
	NEDBAS

	DNAH5
	1
	Primary Ciliary Dysplasia 

	DNM1L
	1
	 Encephalopathy

	DPH1 
	1
	Developmental delay with short stature, dysmorphic facial features, and sparse hair

	DYNC1H1
	1
	Cortical dysplasia, complex, with other brain malformations 13

	EP300
	1
	Rubinstein-Taybi syndrome 2 

	ERCC2
	1
	Cerebro-oculo-facio-skeletal syndrome 2

	FAM111A
	1
	Elongated Bone Dysplasia

	FANCC
	1
	Fanconi anemia, complementation group C

	FKRP
	1
	FRKP-related Walker-Warburg syndrome or Muscle-Eye-Brain disease 

	FLNA
	1
	Heterotopia, periventricular, 1

	GCDH
	1
	Glutaric aciduria, type I

	GFAP
	1
	Alexander disease

	GJC2
	1
	Lymphatic malformation 3

	GRIN2B
	1
	Intellectual developmental disorder, autosomal dominant 6, with or without seizures

	HIVEP2
	1
	Intellectual developmental disorder, autosomal dominant 43

	HRAS
	1
	Costello syndrome

	HUWE1
	1
	Intellectual developmental disorder, X-linked syndromic, Turner type

	ITPR1
	1
	Spinocerebellar ataxia 15

	KCNQ1
	1
	Long QT syndrome 1

	KIDINS220
	1
	Ventriculomegaly and arthrogryposis

	KIF1B
	1
	Goldenhar syndrome 

	KMT2A
	1
	Wiedemann-Steiner syndrome

	LAMC3
	1
	Cortical malformations, occipital

	MED12
	1
	Opitz-Kaveggia syndrom, Ohdo syndrome, X-linked

	MID1
	1
	Opitz GBBB syndrome, type I

	MUSK
	1
	Fetal akinesia deformation sequence 1

	NBN
	1
	Nijmegan Breakage Syndrome, NBM

	NID1
	1
	Dandy-Walker malformation

	NMNAT2
	1
	Novel NMNAT2- related disorder

	NOTCH2
	1
	Hajdu-Cheney syndrome

	NOTCH3
	1
	Lateral meningocele syndrome

	NPHP1
	1
	Joubert syndrome 4

	NSD1
	1
	Sotos syndrome

	OCRL
	1
	Dent disease 2

	PAFAH1B1
	1
	Lissencephaly 1

	PEX1
	1
	Peroxisome biogenesis disorder 1A (Zellweger)

	PEX2
	1
	Peroxisome biogenesis disorder 5A (Zellweger)

	PEX6
	1
	Peroxisome biogenesis disorder 4A (Zellweger)

	PEX26
	1
	Zellweger syndrome

	PIGN
	1
	Multiple congenital anomalies-hypotonia-seizures syndrome 1

	PIK3CA
	1
	Megalcncephaly-capillary malfomation

	PIK3R2
	1
	Megalencephaly-polymicrogyria-polydactyly-hydrocephalus syndrome 1

	PNKP
	1
	Microcephaly, seizures, and developmental delay

	POMGNT2
	1
	Walker–Warburg syndrome

	PPP1R12A
	1
	Brain Abnormalities syndrome 

	RARS2
	1
	Pontocerebellar hypoplasia, type 6

	SBDS
	1
	Shwachman–Diamond syndrome

	SCN2A
	1
	Seizures, benign familial infantile,
developmental and epileptic encephalopathy11 

	SCRIB
	1
	Neural tube defect

	SHH
	1
	Holoprosencephaly 3

	SIX3
	1
	 Holoprosencephaly 2

	SMC3
	1
	Cornelia de Lange syndrome3

	SMS
	1
	Intellectual developmental disorder, X-linked syndromic, Snyder-Robinson type

	SON
	1
	ZTTK syndrome

	SOX2
	1
	Optic nerve hypoplasia and abnormalities of CNS

	SPECC1L
	1
	Opitz GBBB syndrome, type II

	STAG2
	1
	MKMS

	TAF1
	1
	Intellectual developmental disorder, X-linked syndromic 33

	TAPT1
	1
	Osteochondrodysplasia

	TBC1D32
	1
	ciliary morphology defects

	TCF4
	1
	Pitt-Hopkins syndrome

	TCTN1
	1
	Joubert syndrome 13

	TCTN2
	1
	Meckel syndrome type 8

	TK2
	1
	Progressive external ophthalmoplegia with mitochondrial DNA deletions, autosomal recessive 3

	TRAF3IP1
	1
	Senior-Loken syndrome 9

	TRAIP
	1
	Seckel syndrome 9

	VANGL2
	1
	Neural Tube Defect

	WDR81
	1
	Cerebellar ataxia, impaired intellectual development, and dysquilibrium syndrome 2

	ZBTB20
	1
	Primrose syndrome





