
Table S3: List of 117 ENS-related HSCR candidate genes    

Pathways Gene Chromosome Evidence Reference 
Others ALDH1A2 15q22.1 Mouse (Absence EN) [1] 
Others ARHGEF3 3p14.3 Expression [2-3] 

Ret signaling ARTN 1p34.1 Mouse (Abnormal ENS morphology) [4] 
Notch signaling ASCL1 12q23.2 Mouse (Absence EN)/Expression [3,5-7] 

Others CADM1 11q23.2 Expression [3,8] 
Others CARTPT 5q13.2 Expression [3] 
Others CBR1 21q22.13 Expression [9] 
Others CDH2 18q11.2 Expression [3,10] 

Semophorin signaling CRMP1 4p16.1 Expression [3,11] 
Others CSTB 21q22.3 Expression [12] 
Others CTNNAL1 9q31.3 Expression [3] 
Others DCC 18q21.2 Mouse (Absence submucosal ganglia) [13] 
Others DCX Xq22.3-q23 Expression [3] 

Notch signaling DLL1 6q27 Not described [6-7] 
Notch signaling DLL3 19q13.2 Not described [6-7] 

Others DLX1 2q32 Expression [3,14-15] 
Others DPYSL3 5q32 Expression [3,16] 
Others EBF3 10q26.3 Expression [3,17] 
Others ECE1 1p36 Human (Linkage)/Mouse (Absence EN) [13, 18-19] 

Ednrb signaling EDN3 20q13 Human (Linkage)/Mouse (Absence EN) [13,18,20-21] 
Ednrb signaling EDNRB 13q22 Human (Linkage/CNV)/Mouse (Absence EN) [13,18,22-23] 

Others ELAVL2 9p21 Expression [3,24] 
Others ELAVL4 1p34 Expression [3,25] 

Neuregulin signaling ERBB2 17q12 Mouse (Abnormal ENS morphology) [26-27] 
Neuregulin signaling ERBB3 12q13.2 Mouse (Abnormal ENS morphology) [26-27] 
Neuregulin signaling ERBB4 2q33.3-q34  Human (CNV) [28] 

Others ETV1 7p21.3 Expression [3, 29] 
Others FGF13 Xq26.3 Expression [3,30] 
Others GAP43 3q13.1-q13.2 Expression [3,31] 

Ret signaling GDNF 5p13 Human (Linkage)/Mouse (Absence EN)/Expression [13,18,32-35] 
Ret signaling GFRA1 10q25 Human (1 patient)/Mouse (Absence EN)/Expression [3-4, 34,36] 
Ret signaling GFRA2 8p21.3 Mouse (Abnormal ENS morphology) [4] 
Ret signaling GFRA3 5q11.2 Mouse (Abnormal sympathetic system) [4] 
Ret signaling GFRA4 20p13 Not described [4] 

Hedgehog signaling GLI1 12q13.3 Mouse (Abnormal intestinal morphology) [37-38] 
Hedgehog signaling GLI2 2q14 Mouse (Abnormal intestinal morphology) [37-38] 
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Hedgehog signaling GLI3 7p14 Mouse (Abnormal intestinal morphology) [37-38] 

Others GNG2 14q21 Expression [3] 
Others GNG3 11p11 Expression [3,39] 
Others GRB10 7p12.2 Human (Linkage) [34] 

Hedgehog signaling HES1 3q29 Mouse (Abnormal intestinal morphology) [37-38] 
Others HLX 1q41 Mouse (Hypoaganglionosis) [13] 
Others HMP19 5q35.2 Expression [3] 
Others HMX3 10q26.13 Expression [3,40] 
Others HOXB5 17q21.3 Expression [3,41] 
Others HOXD4 2q31.1 Expression [3,42] 
Others IFNGR2 21q22.11 Expression [43] 

Hedgehog signaling IHH 2q35 Mouse (Absence EN) [37-38] 
Others IKBKAP 9q31.3 Human (Co-Expression) [44] 
Others IL10RB 21q22.11 Expression [45] 
Others ITGB1 10p11.22 Mouse (Absence EN) [13] 

Notch signaling JAG1 20p12.1 Not described [6-7] 
Notch signaling JAG2 14q32.33 Not described [6-7] 

Others KIAA1279 10q21 Human (Linkage/GSM syndrome) [46] 
Hedgehog signaling KLF4 9q31 Mouse (Abnormal intestinal morphology) [37-38] 

Others L1CAM Xq28 Human (Hydrocephalus)/Mouse (Delayed NCC differentiation)/Expression [3,47-49] 
Others MAB21L1 13q13 Expression [3,50] 
Others MAPK10 4q22.1-q23 Expression [3,51] 
Others MAPT 17q21.1 Expression [3] 
Others MLLT11 1q21 Expression [3,52] 
Others NAV2 11p15.1 Human (Exome) [53] 
Others NKX2-1 14q13 Human (Case report) [13,18] 

Notch signaling NOTCH1 9q34 Not described [6-7] 
Notch signaling NOTCH2 6q27 Not described [6-7] 
Notch signaling NOTCH3 19p13.12 Not described [6-7] 

Neuregulin signaling NRG1 8p12 Human (GWAS)/Mouse (Abnormal NCC migration) [54] 
Neuregulin signaling NRG3 10q22-q23  Human (CNV/Exome) [28,55] 
Semophorin signaling NRP1 10p11.22 Not described [56-57] 

Others NRTN 19p13 Human (Linkage)/Mouse (Abnormal ENS) [58] 
Others NTF3 1p36.11 Mouse (Reduced enteric ganglia) [13] 
Others NTRK3 15q25 Mouse (Reduced enteric ganglia) [13] 

Ret signaling PAX3 2q36 Human (Exome)/Mouse (Absence EN) [4,53] 



Table S3: List of 117 ENS-related HSCR candidate genes    

Pathways Gene Chromosome Evidence Reference 
Others PCDHA1 5q31 Expression [3,59] 
Others PFKL 21q22.3 Expression [60] 
Others PHACTR4 1p35.3 Mouse [61-62] 
Others PHOX2A 11q13.2 Expression [3,63] 
Others PHOX2B 4p13 Human (Haddad syndrome)/Mouse (Abnormal ENS)/Expression [3,64-65] 

Semophorin signaling PLXNA1 3q21.3 Not described [56-57] 
Semophorin signaling PLXNB1 3p21 Human (Linkage) [66-67] 

Notch signaling POFUT1 20q11.21 Mouse (Absence EN) [6-7] 
Prokinecticin signaling PROK1 1p13 Not described [68-69] 
Prokinecticin signaling PROK2 3p13 Not described [68-69] 
Prokinecticin signaling PROKR1 2p14 Not described [68-69] 
Prokinecticin signaling PROKR2 20p12 Not described [68-69] 

Others PRPH 12q12-q13 Expression [3,70] 
Ret signaling PSPN 19p13.3 Not described [4] 

Hedgehog signaling PTCH1 9q22.32 Mouse (Abnormal intestinal morphology) [37-38] 
Ret signaling RET 10q11 Human (Linkage/CNV/Exome)/Mouse (Absence EN) [3,53,71-72] 

Others SALL4 20q13.2 Mouse (Absence EN) [13] 
Others SCG3 15q21 Expression [3] 

Semophorin signaling SEMA3A 7p12 Human (Association)/Mouse (Abnormal ENS morphology) [53,73] 
Semophorin signaling SEMA3C 7p12 Human (GWAS)/Others (Not described) [56-57] 
Semophorin signaling SEMA3D 7p12 Human (GWAS)/Others (Not described) [56-57] 

Others SERPINI1 3q26.1 Expression [3,74-75] 
Hedgehog signaling SHH 7q36 Mouse (Ectopic enteric ganglia formation) [37-38] 
Hedgehog signaling SMO 7q32 Mouse (Abnormal neural crest cell migration) [37-38] 

Others SOD1 21q22.11 Expression [76-77] 
Others SON 21q22.11 Expression [78] 
Others SOX10 22q13 Human (Linkage/WS4)/Mouse (Absence EN) [3,79] 
Others SOX2 3q26.3-q27 Expression [3,80] 
Others SPRY2 13q31.1 Mouse (Increased EN) [13] 
Others STMN2 8q21.13 Expression [3,81] 
Others STMN3 20q13.3 Expression [3] 

Hedgehog signaling SUFU 10q24.32 Mouse (Abnormal neural tube morphology) [37-38] 
Others SYT11 1q21.2 Expression [3,82] 
Others TAGLN3 3q13.2 Expression [3] 
Others TBX3 12q24.1 Expression [83-84] 
Others TFF3 21q22.3 Expression [3,85-86] 
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Others TGFB2 1q41 Expression [3,87] 
Others TMEFF2 2q32.3 Expression [3,88] 
Others TREX1 3p21.31 Human (Linkage) [66-67] 
Others TTC3 21q22.2 Expression [89] 
Others TUBB3 16q24.3 Expression [3,90] 
Others UCHL1 4p14 Expression [3,91] 
Others VIP 6q25 Expression [3,92] 
Others ZEB2 2q22 Human (Linkage/MW syndrome/CNV)/Mouse (Abnormal NCC migration) [93-95] 
Others ZIC2 13q32 Mouse [96-97] 

Notes: updated gene symbols used for ZFHX1B (replaced by ZEB2), TRKC (replaced by NTRK3) and RALDH2 (replaced by ALDH1A2); 'EN' means enteric neurons; 'NCC' 
means neural crest cells 
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