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Panel coverage statistics

This panel contains 2616 RefSeq genes. The names of the genes are in HGNC format that is
current as of the versioning date of this panel. There is on average 97.1% coverage of all coding
exons at 20x and 98.8% coverage at 10x in analyzable target regions from the panel-based exome
backbone (v8 SureSelect). This also includes 10 base pairs of flanking intronic DNA in all available
transcripts. Asterisk(*) represent genes in which <20x coverage spanning at least 50% of a given
exon is calculated. Please note that sequence variants in certain exons of genes can occur in
repetitive DNA or highly homologous genomic architecture inherent in the human genome, and
therefore will not be analyzed.

Panel description

This neurodevelopmental disorder (NDD) panel covers a large set of curated genes implicated in
autism spectrum disorders (ASD), intellectual disability/developmental delay (ID/DD), and epilepsy.
The etiology of these conditions can be diverse with overlapping phenotypes in which Mendelian
inheritance patterns have been implicated. Exome sequencing of proband + parent trios is a useful
approach for the identification of genes, which when disrupted can lead to pediatric NDD. Monogenic
causes of ASD are reported in 10-20% of individuals with no single gene accounting for more than
1% of all ASD cases (PubMed IDs: 20466091, 26503795, 26289574, 31984132, 32429945,
31481879). Further de novo missense and likely gene disrupting variants are overall more frequent
in ASD cases vs. controls, (PubMed IDs: 25363768, 30559488). Intellectual disability (ID) leads to
an impairment of cognitive development with notable abnormalities of brain structure and/or function.
ID is a general symptom of neurologic dysfunction diagnosed in ~1-3% of the worldwide population
(PubMed IDs: 26503795, 21124998, 3249945). ID and ASD demonstrate significant comorbidity with
damaging de novo variants being enriched in DD (PubMed ID: 30559488). Of note, both genetic and
non-genetic factors (e.g. congenital infections, prenatal exposures, trauma) may contribute to the
etiology of ID (PubMed ID: 32767738). Epilepsy is heterogeneous and includes monogenic causes
as well as complex forms involving multiple genes, modifier genes, and/or environmental factors
(PubMed IDs: 22612257, 26122601). Many forms of epilepsy are sporadic, occurring in families with
no prior history whereas some cases demonstrate mild forms of epilepsy that can be inherited
(PubMed ID: 23934111). Sporadic epilepsy is more commonly caused by dominant, de novo
variants in genes that are neuronally-expressed. Epilepsy can also be X-linked or autosomal
recessive with de novo pathogenic variants being enriched among genetic forms of epilepsy. Of
note, missense variants in ion channels (channelopathies) as well as copy humber events have
been shown to impart both gain or loss-of-function effects (PubMed ID: 12023309) involving epilepsy-
related genes. This panel is designed to detect sequence-based variants in the form of single
nucleotide, insertion/deletion, and copy number alterations. Besides the full NDD panel, a single
gene or subset of genes can be selected from this list as part of a custom panel.
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LZTR1
MAB21L1
MAB21L2
MACF1
MACROD2
MADD
MAF
MAG
MAGED?2
MAGEL2
MAGI2
MAGT1
MAN1A1
MAN1B1
MAN2B1
MANBA
MAOA
MAP1A
MAP1B
MAP2K1
MAP2K2
MAP3K1
MAP3K15
MAP3K?7
MAPK1
MAPK10
MAPKS
MAPKSIP3
MAPRE2
MAPT
MARS?2
MASP1
MAST1
MAST3
MAT1A
MATR3
MBD5

POU3F4
PPA2
PPARG
PPFIAL
PPIB
PPIL1
PPM1D
PPM1K
PPP1CB
PPP1R12A
PPP1R15B
PPP1R21
PPP1R9B
PPP2CA
PPP2R1A
PPP2R5D
PPP3CA
PPRC1
PPT1
PQBP1
PREPL
PREX1
PRF1
PRICKLE1
PRICKLE2
PRIMA1
PRKACA
PRKACB
PRKAR1A
PRKCB
PRKCD
PRKD1
PRKD2
PRKG1
PRKN
PRKRA
PRMT7
PROC
PRODH2
PROK?2
PROKR?2
PROP1
PRPS1
PRR12
PRRG4
PRRT2
PRSS12
PRUNE1
PSAP

TBCEL
TBCK
TBK1
TBLIXR1
TBR1
TBX1
TBX18
TBX19
TBX4
TBX6
TBXA2R
TBXAS1
TCF12
TCF20
TCF3
TCF4
TCF7L2
TCN2
TCOF1
TCTN1
TCTN2
TCTN3
TDGF1
TDP2
TECPR2
TECR
TEK
TELO2
TENM3
TERF2
TERT
TET1
TET2
TET3
TFAP2A
TFAP2B
TFE3
TFG
TG
TGDS
TGFB1
TGFB2
TGFBR1
TGFBR2
TGIF1
TGM1
TGMS5
TH
THG1L



CARD14
CARS1
CARS2
CASK
CASR
CASz1
CAV1
CBL
CBS
CBY1
CC2D1A
CC2D2A
CCAR2
CCBE1
CCDC115
CCDC22
CCDC32
CCDC47
CCDCS88A
CCDC88C
CCL14
CCM2
CCND2
CCNG1
CCNK
CCT4
CCT5
CD81
CD96
CDC42
CDC42BPB
CDC45
CDC6
CDCA7
CDH11
CDH13
CDH15
CDH2
CDK10
CDK13
CDK16
CDK19
CDK5
CDK5R1
CDK5RAP2
CDK6
CDK8
CDKL5
CDKN1C

FKTN
FLCN
FLI1
FLNA
FLNB
FLRT3
FLVCR1
FLVCR2
FMN1
FMN2
FMR1
FN1
FNDC3A
FOLR1
FOXG1
FOXH1
FOXI1
FOXP1
FOXP2
FOXRED1
FRAS1
FREM2

FRMD4A
FRMD7
FRMPD4
FRRSI1L
FTCD
FTL
FTO
FTSJ1
FUBP3
FUCA1l
FUS
FUT8
FXYD2
G6PC1
G6PC3
GAA
GABBR2
GABRA1
GABRA2
GABRAS
GABRA5
GABRAG
GABRB1
GABRB2
GABRB3
GABRD

MBD6
MBNL3
MBOAT7
MBTPS2
MC2R
MCCC1
MCCC2
MCEE
MCMB3AP
MCOLN1
MCPH1
MDH2
MECP2
MED12
MED12L
MED13
MED13L
MED17
MED23
MED25
MED27
MEF2C
MEGF10
MEGF8
MEIS2
MET
METTL23
METTLS
MFF
MFN2
MFRP
MFSD2A
MFSD8
MGAT2
MGME1
MGP
MIB1
MICOS13
MICU1
MID1
MID2
MIDN
MIPEP
MITF
MKKS
MKLN1
MKS1
MKX
MLC1

PSAT1
PSEN1
PSEN2
PSMBS
PSMD12
PSPH
PTCH1
PTCHD1
PTDSS1
PTEN
PTF1A
PTH2R
PTK?
PTPN11
PTPN23
PTPN4
PTPRF
PTPRQ
PTRH2
PTRHD1
PTS
PUF60
PUM1
PURA
PUS1
PUS3
PUS7
PYCR1
PYCR2
PYHIN1
QARS1
QDPR
QRICH1
RAB11A
RAB11B
RAB11FIP4
RAB11FIP5
RAB18
RAB23
RAB27A
RAB2A
RAB39B
RAB3GAP1
RAB3GAP2
RAC1
RAC3
RAD21
RAD50
RAD51

THOC2
THOCG6
THPO
THRA
THRB
TIMMS50
TIMM8A
TINF2
TK2

TKT

TLES
TLK2*
TLR3
TMASF20
TM9SF4
TMC4
TMCO1
TMEM106B
TMEM107
TMEM114
TMEM132D
TMEM138
TMEM147
TMEM165
TMEM175
TMEM216
TMEM222
TMEM231
TMEM237
TMEM240
TMEM38B
TMEM67
TMEM70
TMEM94
TMLHE*
TMTC3
TMX2
TNC
TNFRSF11A
TNFRSF13C
TNFRSF1A
TNIK
TNPO2
TNPO3
TNR
TNRC6B
TOE1
TOR1A
TOR1AIP1



CDON
CDT1
CELF4
CELF6
CENPE
CENPJ
CEP104
CEP120
CEP135
CEP152
CEP164
CEP19
CEP290
CEP41
CEP55
CEP57
CEP63
CEP76
CEP83
CEPS85L
CERS1
CERS3
CERT1
CFAP418
CGNL1
CHAMP1
CHAT
CHCHD10
CHD1
CHDIL
CHD2
CHD3
CHD4
CHD7
CHD8
CHKB
CHL1
CHMP1A
CHMP2B
CHP1
CHRNA2
CHRNA4
CHRNB2
CHRND
CHRNG
CHST14
CHSY1
CiB2
CIBAR2

GABRG2
GABRG3
GAD1
GALC
GALE
GALNT10
GALNT2
GALNTS8
GALNTL5
GALT
GAMT
GAN
GARS1
GAS1
GATAl
GATAZ2
GATA3
GATAG6
GATAD2B
GATM
GBA
GBA2
GBE1
GCC2
GCDH
GCH1
GCK
GCSH
GDF3
GDF5
GDI1
GEMIN4
GFAP
GFER
GFM1
GFM2
GGNBP2
GIGYF1
GIGYF2
GJAl
GJB1
GJC2
GK

GLA
GLB1
GLDC
GLI2
GLI3
GLRA1

MLYCD
MMAA
MMAB
MMACHC
MMADHC
MMP19
MMUT
MN1
MNX1
MOCS1
MOCS2
MOGS
MORC2
MPC1
MPDU1
MPDZ
MPL
MPLKIP
MPV17
MRAP
MRAS
MRE11
MRPL3
MRPS22
MRPS34
MS4A1
MSL3
MSMO1
MSX2
MTEMT
MTHFR
MTHFS
MTM1
MTMR2
MTO1
MTOR
MTPAP
MTR
MTRFR
MTRR
MUC1
MVK
MXRAS8
MYBL2
MYCN
MYH10
MYH14
MYH3
MYH9

RADS51C
RAF1
RAI1
RALA
RALGAPA1
RALGAPB
RANBP17
RARB
RARS1
RARS2
RASA2
RBBPS8
RBFOX1
RBFOX3
RBM10
RBM27
RBM28
RBM8A
RBPJ
RDH11
RECQL4
REEP1
RELN
RERE
RETREG1
RFT1
RFX3
RFX4
RFX7
RHEB
RHOBTB2
RIC1
RIMS1
RIMS2
RIPK4
RIPOR2
RIT1
RLIM
RMND1
RMRP
RNASEHZ2A
RNASEH2B
RNASEH2C
RNASET?2
RNF113A
RNF125
RNF13
RNF135
RNF168

TP63

TPI1
TPK1
TPP1
TRAF3IP1
TRAF7
TRAIP
TRAK1
TRAPPC11
TRAPPC12
TRAPPC2L
TRAPPC4
TRAPPCG6A
TRAPPC6B
TRAPPC9
TREM2
TREX1
TRH
TRHR
TRIM23
TRIM32
TRIM8
TRIO
TRIP12
TRIP4
TRIT1
TRMT1
TRMT10A
TRNT1
TRPC6
TRPM1
TRPM3
TRPM6
TRPS1
TRPV4
TRRAP
TSC1
TSC2
TSEN15
TSEN2
TSEN34
TSEN54
TSFM
TSHB
TSHR
TSHZ3
TSPAN18
TSPAN7
TSPEAR



CIC
CILK1
CIT
CKAP2L
CLASP1
CLASP2
CLCF1
CLCN1
CLCN2
CLCNS3
CLCN4
CLCNG6
CLDN16
CLIC2
CLIC5
CLIP1
CLN3
CLN5
CLNG6
CLN8
CLP1
CLPB
CLPP
CLPTM1
CLTC
CMIP
CNKSR2
CNNM2
CNOT1
CNOT2
CNOT3
CNPY3
CNR1
CNTN2
CNTNS3
CNTN4
CNTNS
CNTNG6
CNTNAP1
CNTNAP2
CNTNAP4
CNTNAP5
COA3
COA5
COAG6
COA7
COA8
COASY
CoG1

GLRA2
GLRB
GLS
GLUD1
GLUL
GLYCTK
GM2A
GMNN
GMPPA
GMPPB
GNA11
GNAI1
GNAI3
GNAL
GNAO1
GNAQ
GNAS
GNB1
GNB2
GNB5
GNE
GNPAT
GNPTAB
GNPTG
GNRH1
GNRHR
GNS
GOLGA2
GOLGA4
GORAB
GOSR2
GOT2
GP1BB
GPAAL
GPC3
GPC4
GPC6
GPD2
GPHN
GPI
GPKOW
GPR101
GPSM2
GPT2
GRAMD1B
GRIAL
GRIA2
GRIA3
GRIA4

MYMK
MYO18B
MYOS5A
MYO7A
MYO9B
MYOT
MYT1L
N4BP2L1
NAA10
NAA15
NACC1
NADK2
NAGA
NAGLU
NAGPA
NAGS
NALCN
NANS
NAPB
NARS1
NARS2
NATS8L
NAV2
NAXD
NAXE
NBEA
NBN
NCAPD2
NCAPG2
NCDN
NCKAP1
NCKAP1L
NCOA1l
NCOR1
NDE1
NDN
NDP
NDST1
NDUFA1
NDUFA10
NDUFA1l
NDUFA12
NDUFA13
NDUFA2
NDUFA4
NDUFAG
NDUFA9
NDUFAF1
NDUFAF2

RNF213
RNF216
RNU4ATAC
ROBO2
ROGDI
ROR2
RORA
RORB
RPGRIP1L
RPIA
RPL10
RPL11
RPL15
RPL26
RPL35A
RPLS5
RPS10
RPS19
RPS23
RPS24
RPS26
RPS28
RPS29
RPS6KA3
RPS7
RRAS2
RRM2B
RSPRY1
RSRC1
RTEL1
RTN4IP1
RTTN
RUBCN
RUNX1
RUNX1T1
RUSC2
RXRB
RXYLT1
RYR2
SACS
SAE1
SALL1
SALL4
SAMD9
SAMHD1
SAR1B
SASS6
SATB1
SATB2

TTC19
TTC21B
TTCS
TTCS8
TTI2

TTPA
TUBAILA
TUBAS
TUBB
TUBB1
TUBB2A
TUBB2B*
TUBB3
TUBB4A
TUBG1
TUBGCP2
TUBGCP4
TUBGCP6
TUFM
TUSC3
TWIST1
TWIST2
TWNK
TYK2
TYMP
TYROBP
UBA5
UBASH3A
UBB
UBE2A
UBE2H
UBE2T
UBE3A
UBE3B
UBES3C
UBE4A
UBN2
UBQLN2
UBR1
UBR3
UBR5
UBR7
UBTF
UCHL1
UFC1
UFM1
UGDH
UGP2



COG4 GRID1 NDUFAF3 SBDS UGT1Al
COG5 GRID2 NDUFAF4 SBF1 ULK1
COG6 GRIK2 NDUFAF5 SC5D ULK4
COG7 GRIKS NDUFAF6 SCAF4 UMPS
COG8 GRIN1 NDUFAF8 SCAMP5 UNC13A
COL11A1  GRIN2A NDUFB11 SCAPER UNC13D
COL11A2 GRIN2B NDUFB3 SCARB2 UNC79
COL18A1 GRIN2D NDUFBS8 SCN10A UNCS80
COL1A1 GRIP1 NDUFB9 SCN11A UPB1
COL1A2 GRIPAP1 NDUFS1 SCN1A UPF3B
COL25A1 GRM1 NDUFS2 SCN1B uQCC2
COL27A1 GRM7 NDUFS3 SCN2A UQCC3
COL3Al1 GRN NDUFS4 SCN3A UQCRB
COL4A1 GRXCR2 NDUFS6 SCN5A UQCRC2
COL4A2 GSDME NDUFS7 SCNS8A UQCRQ
COL7A1 GSPT2 NDUFS8 SCNYA UROC1

The following exons are not analyzed due to multiple homologous sequences
in the genome (exon numbering based on RefSeq Select transcript):

NEB exons 82-105, OCLN exons 5-9, TUBB2B exon 4, PHC1 exons 8 & 15,
KRT86 exons 3-9, PIEZO2 exon 4, IKBKG exons 3-10, TMLHE exons 7-8, SUZ12
exons 1-9, KMT2C exons 7-25, PI4KA exons 44-55, TLK2 exons 1-10, NUS1
exon 5, ABCD1 exons 7-10, and NOTCH2 exons 1-4



