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Supplementary Table S24.: Epigenomic Hits for Central Nervous System Congenital 

Anomalies, Schrott EWAS Database 

Target Annotation Status Page 

Number 

of Genes 

Annotated 

P-Value

Brain Glioma Dependence 284 227 1.39E-07 

Brain lesion Dependence 285 230 1.63E-07 

Brain tumour Dependence 286 228 2.29E-07 

Brain size Dependence 351 6 0.003630 

Brain formation Dependence 356 12 0.006790 

Morphology of CNS Dependence 300 47 0.000037 

Forebrain patterning Withdrawal 333 3 0.000116 

Neurological Glioma Dependence 281 235 5.33E-08 

Glioma Dependence 284 227 1.39E-07 

Brain lesion Dependence 285 230 1.63E-07 

Morphology enteric ganglia Dependence 308 3 2.74E-04 

Morphology of spiral ganglia Dependence 312 4 0.000615 

Morphology of spiral ganglia Withdrawal 342 2 0.000720 

Sciatic nerve myelination Dependence 314 3 0.000777 

Hair cell morphology Dependence 316 5 0.001190 

Stratum pyramidale morphology Dependence 316 3 0.001310 

Synapse Glutaminergic synapse Dependence 236 29 3.11E-04 

Neuronal synapse Dependence 236 53 7.10E-05 

Dopaminergic Synapse Dependence 236 29 3.12E-05 

Dopaminergic Synapse Dependence 236 27 0.007806 

Retrograde endocannabinoid signalling Dependence 236 24 0.000511 

Long term depression Dependence 236 17 0.000582 

Long term potentiation Dependence 236 17 0.001768 

Morphine addiction Dependence 236 20 0.004349 

Serotonergic Synapse Dependence 237 21 0.018174 

Cholinergic Synapse Dependence 237 19 0.060483 

GABAergic synapse Dependence 238 15 0.081486 

Synaptic transmission Dependence 308 20 0.000291 

Synaptic Organization Dependence 310 8 0.000338 

Inhibitory post-synaptic potential Dependence 321 5 0.001890 

Maturation of synapse Dependence 323 4 0.002480 

Synaptic transmission Withdrawal 334 12 0.000143 

Long term potentiation excitatory synapses Withdrawal 337 2 0.000291 

Development of synapses Withdrawal 344 8 0.001210 

Excitatory post-synaptic potential Withdrawal 344 6 0.001250 

Synaptic transmission Withdrawal 346 4 0.002020 

Density of synapse Withdrawal 352 3 0.004640 

Binding presynaptic membrane Withdrawal 357 1 0.007010 



Cerebrum Cerebral disorder Dependence 317 106 0.001350 

Development of Cerebral cortex Withdrawal 351 6 0.004070 

Head development Dependence 304 47 0.000120 

Head size Withdrawal 342 8 0.000741 

Viability of cerebral cortex cells Withdrawal 349 4 0.002780 

Movement of cerebral cortex cells Withdrawal 344 4 0.001200 

Neurons Abnormal development of sensory neurons Dependence 322 7 0.002290 

Neurite growth Dependence 306 26 0.000155 

Abnormal neuronal morphology Dependence 306 26 0.000182 

Neuronal growth Dependence 295 25 0.000014 

Proliferation of neurons Dependence 296 35 0.000194 

Neuronogenesis Dependence 299 43 0.000026 

Neuronal Morphology Dependence 296 35 9.27E-06 

Neuronal development Dependence 299 43 0.000026 

Neuronal outgrowth Dependence 298 25 0.000014 

Synapse growth Dependence 308 27 0.000263 

Axonogenesis Dependence 318 14 0.001640 

Axon regeneration Dependence 322 7 0.002170 

Movement of brain cells Dependence 319 8 0.001740 

Movement of brain cells Withdrawal 347 5 0.002040 

Neuronogenesis Withdrawal 349 2 0.003080 

Apoptosis cortical neurons Withdrawal 356 4 0.006650 

Developmental synapse formation Dependence 308 15 0.000291 

Eye Eye formation Dependence 302 25 0.000079 

Eye formation Withdrawal 328 15 0.000028 

Eye morphology Dependence 308 18 0.000243 

Eye morphology Withdrawal 334 11 0.000123 

Eye morphology - Anterior Segment Dependence 318 7 0.001630 

Eye morphology Withdrawal 340 9 0.000554 

Eye morphogenesis Dependence 338 5 0.000390 

Photoreceptor abnormalities Withdrawal 340 5 0.000611 

Morphogenesis camera type eye Withdrawal 341 4 0.000689 

Morphology of eye cells Withdrawal 342 6 0.000856 

Retinal Photoresponse Withdrawal 354 2 0.005500 

Abnormal Ocular Posterior Segment Withdrawal 342 2 0.000720 



Supplementary Table S25.: Epigenomic Hits for Cardiovascular System Congenital 

Anomalies, Schrott EWAS Database 

Target Annotation Status Page 

Number of 

Genes 

Annotated 

P-Value

Cardiovascular Morphology of CVS Dependence 321 39 0.001920 

Abnormal CVS Dependence 324 35 0.002740 

Heart Quantity of cardiomyocytes Dependence 321 4 0.001960 

Hypoplasia of heart chamber Dependence 299 7 0.000021 

Hypoplasia of the heart Dependence 288 10 8.83E-08 

Hypoplasia of the heart Dependence 299 7 0.000021 

Cardiogenesis Dependence 318 26 0.001640 

Atria Atrial Morphogenesis Dependence 314 4 0.000855 

Morphogenesis of Atrial Septum Dependence 318 3 0.001650 

Atrial hypoplasia Dependence 319 2 0.001770 

Abnormal atrial morphology Dependence 322 6 0.002100 

Atrioventricular 

valves 

Abnormalities of atrioventricular 

cushions Dependence 296 6 9.04E-06 

Lack of atrioventricular canal cushion Dependence 300 4 0.000040 

Morphogenesis of AV valve Dependence 321 3 0.002040 

Ventricle Formation of ventricular septum Dependence 315 7 0.001060 

Ventricular septal defects, Type 3 Dependence 301 3 0.000051 

Hypoplasia of ventricle Dependence 306 6 0.000157 

Hypoplasia of trabeculae carnae Dependence 321 4 0.001960 

Ventricular septum formation Dependence 315 7 0.001060 

Vessels Angiogenesis Dependence 289 54 1.73E-06 

CVS Development Dependence 294 56 7.32E-06 

Vasculogenesis Dependence 302 42 6.65E-05 

Sprouting angiogenesis Dependence 324 7 0.002690 

Vascular endothelial cell movement Dependence 316 13 0.001210 

Endothelial cell migration Dependence 317 19 0.001450 

Vascular Endothelial cell migration Dependence 317 12 0.001530 

Early onset hypertension Dependence 357 1 0.007010 

Blood vessel breakdown Dependence 357 1 0.007010 

Pulmonary vein angiogenesis Dependence 357 1 0.007010 



Supplementary Table S26.: Epigenomic Hits for Face Congenital Anomalies, 

Schrott EWAS Database 

Target Annotation Status 
Page 

Number 

Number of 

Genes 

Annotated 

P-Value

Head Head development Dependence 304 47 0.000120 

Sensory Sensory organs Dependence 306 29 0.000164 

Palate Palate Withdrawal 358 1 0.007010 

Nose Nose Withdrawal 343 3 0.001080 

Eye Eye morphology - Anterior Segment Dependence 318 7 0.001630 

Morphogenesis camera type eye Withdrawal 341 4 0.000689 

Morphology of eye cells Withdrawal 342 6 0.000856 

Cornea Dependence 323 3 0.002470 

Iris Abnormalities Withdrawal 354 2 0.005500 

Lens Withdrawal 354 3 0.005510 

Lens Withdrawal 333 4 0.000092 

Ear Ear Withdrawal 342 7 0.000804 

Inner ear Dependence 323 9 0.002470 

Inner ear Dependence 316 8 0.001650 

Abnormal Morphology of Cochlea Dependence 324 6 0.002720 

Cochlea Withdrawal 353 4 0.004870 

Cochlea Duct Dependence 324 6 0.003620 

Spiral Ganglion Withdrawal 312 4 0.000720 

Spiral Ganglion - small Dependence 342 2 0.000720 

Vestibular Ganglion Withdrawal 318 3 0.000165 

Hair cell morphology disruption Dependence 316 5 0.001650 

Vestibulocochlear nerve Withdrawal 344 3 0.001200 



Supplementary Table S27.: Epigenomic Hits for General Congenital Anomalies, 

Schrott EWAS Database 





Supplementary Table S28.: Epigenomic Hits for Limb Congenital Anomalies, 

Schrott EWAS Database 



Supplementary Table S29.: Epigenomic Hits for Gastrointestinal Congenital Anomalies, 

Schrott EWAS Database 



Supplementary Table S30.: Epigenomic Hits for Chromosomal Congenital Anomalies, 

Schrott EWAS Database 



Supplementary Table S31.: Epigenomic Hits for Uronephrological Congenital Anomalies, 

Schrott EWAS Database 



Supplementary Table S32.: Epigenomic Hits for Body Wall Congenital Anomalies, 

Schrott EWAS Database 



Supplementary Table S33.: Summary Teratology Epigenomic Hits for All Congenital Anomalies, 

Schrott EWAS Database 

System Target Annotation Status Page 

Number of 

Genes 

Annotated 

P-Value

Cardiovascular Cardiovascular Morphology of CVS Dependence 321 39 0.001920 

Cardiovascular Cardiovascular Morphology of CVS Dependence 324 35 0.002740 

Cardiovascular Cardiovascular Quantity of cardiomyocytes Dependence 321 4 0.001960 

Cardiovascular Cardiovascular Hypoplasia of heart chamber Dependence 299 7 0.000021 

Cardiovascular Heart Hypoplasia of the heart Dependence 288 10 8.83E-08 

Cardiovascular Heart Hypoplasia of the heart Dependence 299 7 0.000021 

Cardiovascular Heart Hypoplasia of the heart ventricle Dependence 306 6 0.000157 

Cardiovascular Heart Hypoplasia of trabeculae carnae Dependence 321 4 0.001960 

Cardiovascular Heart Cardiogenesis Dependence 318 26 0.001640 

Cardiovascular Atria Atrial Morphogenesis Dependence 314 4 0.000855 

Cardiovascular Atria Morphogenesis of Atrial Septum Dependence 318 3 0.001650 

Cardiovascular Atria Atrial hypoplasia Dependence 319 2 0.001770 

Cardiovascular Atria Abnormal atrial morphology Dependence 322 6 0.002100 

Cardiovascular Atrioventricular valves Abnormalities of atrioventricular cushions Dependence 296 6 9.04E-06 

Cardiovascular Atrioventricular valves Lack of atrioventricular canal cushion Dependence 300 4 0.000040 

Cardiovascular Atrioventricular valves Morphogenesis of AV valve Dependence 321 3 0.002040 

Cardiovascular Ventricle Formation of ventricular septum Dependence 315 7 0.001060 

Cardiovascular Ventricle Ventricular septal defects, Type 3 Dependence 301 3 0.000051 

Cardiovascular Ventricle Hypoplasia of ventricle Dependence 306 6 0.000157 

Cardiovascular Ventricle Ventricular septum formation Dependence 315 7 0.001060 



Neurological Brain Glioma Dependence 284 227 1.39E-07 

Neurological Brain Brain lesion Dependence 285 230 1.63E-07 

Neurological Brain Brain tumour Dependence 286 228 2.29E-07 

Neurological Brain Brain size Dependence 351 6 0.003630 

Neurological Brain Brain formation Dependence 356 12 0.006790 

Neurological Brain Morphology of CNS Dependence 300 47 0.000037 

Neurological Brain Forebrain patterning Withdrawal 333 3 0.000116 

Neurological Neurological Glioma Dependence 281 235 5.33E-08 

Neurological Neurological Glioma Dependence 284 227 1.39E-07 

Neurological Neurological Brain lesion Dependence 285 230 1.63E-07 

Neurological Neurological Morphology enteric ganglia Dependence 308 3 2.74E-04 

Neurological Neurological Morphology of spiral ganglia Dependence 312 4 0.000615 

Neurological Neurological Morphology of spiral ganglia Withdrawal 342 2 0.000720 

Neurological Neurological Sciatic nerve myelination Dependence 314 3 0.000777 

Neurological Neurological Hair cell morphology Dependence 316 5 0.001190 

Neurological Neurological Stratum pyramidale morphology Dependence 316 3 0.001310 

Neurological Cerebrum Cerebral disorder Dependence 317 106 0.001350 

Neurological Cerebrum Development of Cerebral cortex Withdrawal 351 6 0.004070 

Neurological Cerebrum Head development Dependence 304 47 0.000120 

Neurological Cerebrum Head size Withdrawal 342 8 0.000741 

Neurological Cerebrum Viability of cerebral cortex cells Withdrawal 349 4 0.002780 

Neurological Cerebrum Movement of cerebral cortex cells Withdrawal 344 4 0.001200 

Neurological Neurons Abnormal development of sensory neurons Dependence 322 7 0.002290 

Neurological Neurons Neurite growth Dependence 306 26 0.000155 

Neurological Neurons Abnormal neuronal morphology Dependence 306 26 0.000182 

Neurological Neurons Neuronal growth Dependence 295 25 0.000014 

Neurological Neurons Proliferation of neurons Dependence 296 35 0.000194 

Neurological Neurons Neuronogenesis Dependence 299 43 0.000026 

Neurological Neurons Neuronal Morphology Dependence 296 35 9.27E-06 



Neurological Neurons Neuronal development Dependence 299 43 0.000026 

Neurological Neurons Neuronal outgrowth Dependence 298 25 0.000014 

Neurological Neurons Synapse growth Dependence 308 27 0.000263 

Neurological Neurons Axonogenesis Dependence 318 14 0.001640 

Neurological Neurons Axon regeneration Dependence 322 7 0.002170 

Neurological Neurons Movement of brain cells Dependence 319 8 0.001740 

Neurological Neurons Movement of brain cells Withdrawal 347 5 0.002040 

Neurological Neurons Neuronogenesis Withdrawal 349 2 0.003080 

Neurological Neurons Apoptosis cortical neurons Withdrawal 356 4 0.006650 

Neurological Neurons Developmental synapse formation Dependence 308 15 0.000291 

Neurological Eye Eye formation Dependence 302 25 0.000079 

Neurological Eye Eye formation Withdrawal 328 15 0.000028 

Neurological Eye Eye morphology Dependence 308 18 0.000243 

Neurological Eye Eye morphology Withdrawal 334 11 0.000123 

Neurological Eye Eye morphology - Anterior Segment Dependence 318 7 0.001630 

Neurological Eye Eye morphology Withdrawal 340 9 0.000554 

Neurological Eye Eye morphogenesis Dependence 338 5 0.000390 

Neurological Eye Photoreceptor abnormalities Withdrawal 340 5 0.000611 

Neurological Eye Morphogenesis camera type eye Withdrawal 341 4 0.000689 

Neurological Eye Morphology of eye cells Withdrawal 342 6 0.000856 

Neurological Eye Retinal Photoresponse Withdrawal 354 2 0.005500 

Neurological Eye Abnormal Ocular Posterior Segment Withdrawal 342 2 0.000720 

Face Head Head development Dependence 304 47 0.000120 

Face Sensory Sensory organs Dependence 306 29 0.000164 

Face Palate Palate Withdrawal 358 1 0.007010 

Face Nose Nose Withdrawal 343 3 0.001080 

Face Eye Eye morphology - Anterior Segment Dependence 318 7 0.001630 

Face Eye Morphogenesis camera type eye Withdrawal 341 4 0.000689 

Face Eye Morphology of eye cells Withdrawal 342 6 0.000856 



Face Eye Cornea Dependence 323 3 0.002470 

Face Eye Iris Abnormalities Withdrawal 354 2 0.005500 

Face Eye Lens Withdrawal 354 3 0.005510 

Face Eye Lens Withdrawal 333 4 0.000092 

Face Ear Ear Withdrawal 342 7 0.000804 

Face Ear Inner ear Dependence 323 9 0.002470 

Face Ear Inner ear Dependence 316 8 0.001650 

Face Ear Abnormal Morphology of Cochlea Dependence 324 6 0.002720 

Face Ear Cochlea Withdrawal 353 4 0.004870 

Face Ear Cochlea Duct Dependence 324 6 0.003620 

Face Ear Spiral Ganglion Withdrawal 312 4 0.000720 

Face Ear Spiral Ganglion - small Dependence 342 2 0.000720 

Face Ear Vestibular Ganglion Withdrawal 318 3 0.000165 

Face Ear Hair cell morphology disruption Dependence 316 5 0.001650 

Face Ear Vestibulocochlear nerve Withdrawal 344 3 0.001200 

General Embryo Cell growth Dependence 295 27 8.20E-06 

General Embryo Cell growth Dependence 296 83 0.000011 

General Embryo Connective tissue growth Dependence 297 37 0.000012 

General Embryo Epithelial growth Dependence 300 30 0.000036 

General Embryo Embryonic growth Dependence 305 27 0.001420 

General Embryo Organismal growth Dependence 310 39 0.000361 

General Embryo Morphogenesis of embryo Dependence 310 15 0.003680 

General Embryo Morphogenesis of embryo Dependence 300 12 0.003580 

General Embryo Differentiation of embryonic cells Dependence 316 15 0.001240 

General DNA DNA transcription Dependence 298 89 0.000015 

General DNA RNA transcription Dependence 312 71 0.000540 

General DNA DNA transcription Dependence 314 60 0.000765 

General DNA Activation endogenous DNA promoter Dependence 317 49 0.001360 

General DNA Inhibition endogenous DNA promoter Withdrawal 338 26 0.000358 



General DNA Activation endogenous DNA promoter Withdrawal 357 1 0.007010 

General DNA DNA replication, recombination and repair Dependence 317 12 0.001530 

General DNA DNA binding Dependence 323 24 0.002360 

General DNA DNA synthesis and repair Dependence 323 20 0.002590 

General DNA GTP Hydrolysis Withdrawal 344 4 0.001130 

General DNA Chromosomal assembly Withdrawal 358 1 0.007010 

General DNA Thymidine catabolism Withdrawal 344 1 0.007010 

General DNA Chromosomal synapsis Dependence 298 7 0.000016 

General DNA Chromosomal homologous pairing Dependence 302 4 0.000079 

General DNA Chromosomal synapsis Dependence 306 5 0.000182 

General DNA DNA recombination Dependence 317 12 0.001530 

General DNA DNA synthesis Dependence 323 20 0.002590 

General Mitochondria Mitochondria Withdrawal 357 1 0.007010 

General Microtubules Microtubule dynamics Dependence 300 58 0.000033 

General Microtubules Microtubules Withdrawal 352 24 0.004450 

General Body trunk Body trunk Dependence 317 50 0.001450 

General Body Axis Body Axis Dependence 302 1 0.000193 

General Ovarian reserve Diminished ovarian reserve Withdrawal 349 2 0.003080 

General Breast Breast cell morphogenesis Dependence 312 3 0.000573 

General Breast Formation mammary gland Withdrawal 347 7 0.002060 

General Breast Differentiation of mammary cells Withdrawal 348 2 0.002580 

General Granulocytes Growth of colony forming granulocytes Dependence 312 3 0.000573 

General Myogenesis Germ cell tumour Dependence 320 2 0.001770 

General Myogenesis carcinoma cell lines Dependence 320 2 0.001770 

General Vertebra Vertebral formation Dependence 353 3 0.004920 

General Bone Bone marrow cell homing Dependence 318 3 0.001650 

General Bone Abnormal bone morphology Dependence 319 20 0.001680 

General Bone Bone marrow derived macrophages Dependence 319 2 0.001770 

General Bone Development of bone marrow cell lines Dependence 323 5 0.002440 



General Bone Loss bone tissue Dependence 323 3 0.002470 

General Bone Movement of Bone marrow cells Dependence 323 4 0.002480 

General Bone Abnormal bone morphology Dependence 324 13 0.000140 

General Bone Femoral bone mineral density Withdrawal 326 4 0.000193 

General Bone Endochondral bone ossification Withdrawal 337 4 0.000277 

General Bone Abnormal bone morphology Withdrawal 339 15 0.000431 

General Bone Bone ossification Withdrawal 343 6 0.001110 

General Bone Bone mineralization Withdrawal 349 6 0.002990 

General Bone Bone marrow cell proliferation Withdrawal 353 5 0.004660 

General Bone Bone cell line attachment Withdrawal 356 1 0.007010 

General Bone Bone mineralization of diaphysis Withdrawal 357 1 0.007010 

General Bone Activation bone cell lines Withdrawal 357 1 0.007010 

General Bone Bone mineral content trabecular layer Withdrawal 357 1 0.007010 

General Bone Bone marrow cell spreading Withdrawal 357 1 0.007010 

General Bone Chondrogenesis of chondroprogenitors Withdrawal 357 1 0.007010 

General Bone Bone mineralization of metaphysis Withdrawal 357 1 0.007010 

General Bone Bone mineralization of diaphysis Withdrawal 358 1 0.007010 

Limb Limb Limb morphogenesis in embryo Withdrawal 352 4 0.004190 

Limb Limb Limb morphogenesis in embryo Withdrawal 354 5 0.005470 

Limb Limb Apoptosis of limb bud cells Withdrawal 356 1 0.007010 

Limb Limb Preaxial polydactyly Withdrawal 333 3 0.000092 

Limb Limb Polysyndactyly Withdrawal 345 2 0.001700 

Limb Limb Polydactyly Withdrawal 350 3 0.003300 

Gastrointestinal Gastrointestinal Gastrointestinal cancer Dependence 249 325 4.60E-16 

Gastrointestinal Gastrointestinal Gastrointestinal cancer Dependence 250 349 7.70E-16 

Gastrointestinal Gastrointestinal Gastrointestinal tumour Dependence 252 252 1.01E-15 

Gastrointestinal Gastrointestinal Gastrointestinal tumour Dependence 253 333 1.02E-15 

Gastrointestinal Gastrointestinal Gastrointestinal cancer Dependence 253 332 1.24E-15 

Gastrointestinal Gastrointestinal Gastrointestinal tumour Dependence 255 352 1.49E-15 



Gastrointestinal Gastrointestinal Gastrointestinal cancer Dependence 257 312 6.45E-15 

Gastrointestinal Gastrointestinal Large Intestinal cancer Dependence 257 306 7.65E-15 

Gastrointestinal Esophagus Gastroesophageal cancer Dependence 262 169 3.15E-13 

Gastrointestinal Esophagus Gastroesophageal cancer Dependence 265 171 1.53E-12 

Gastrointestinal Esophagus Esophageal cancer Dependence 320 22 0.001880 

Gastrointestinal Esophagus Esophageal lesion Dependence 324 31 0.002750 

Gastrointestinal Esophagus Esophageal cancer Withdrawal 347 15 0.002020 

Gastrointestinal Esophagus Esophageal lesion Withdrawal 348 16 0.002770 

Gastrointestinal Esophagus Gastroesophageal adenocarcinoma Withdrawal 354 38 0.005250 

Gastrointestinal Large Intestine Large Intestinal carcinoma Dependence 257 306 7.65E-15 

Gastrointestinal Large Intestine Large Intestinal carcinoma Dependence 258 304 1.11E-14 

Gastrointestinal Large Intestine Large Intestinal carcinoma Dependence 260 314 6.40E-14 

Gastrointestinal Large Intestine Large Intestinal carcinoma Dependence 261 313 7.15E-14 

Gastrointestinal Large Intestine Large Intestinal adenocarcinoma Withdrawal 326 120 7.45E-06 

Gastrointestinal Large Intestine Large Intestinal neoplasm Withdrawal 331 122 0.000068 

Gastrointestinal Large Intestine Large Intestinal carcinoma Withdrawal 333 121 0.000108 

Gastrointestinal Large Intestine Enteric ganglia Dependence 308 3 0.000274 

Gastrointestinal Liver Hepatobiliary carcinoma Dependence 284 176 1.28E-07 

Gastrointestinal Liver Hepatobiliary carcinoma Dependence 286 228 2.29E-07 

Gastrointestinal Pancreas Pancreatobiliary cancer Dependence 288 124 9.10E-07 

Gastrointestinal Pancreas Pancreatic cancer Dependence 290 181 2.64E-06 

Gastrointestinal Pancreas Pancreatic cancer Dependence 297 90 0.000012 

Gastrointestinal Pancreas Pancreatic tumour Dependence 297 95 0.000012 

Gastrointestinal Pancreas Pancreatic tumour Dependence 298 106 0.000013 

Gastrointestinal Pancreas Pancreatic adenocarcinoma Dependence 300 85 0.000033 

Gastrointestinal Pancreas Pancreatic ductal adenocarcinoma Dependence 301 82 0.000060 

Gastrointestinal Pancreas Pancreatic cell line migration Dependence 323 6 0.002390 

Gastrointestinal Pancreas Pancreatic cell line invasion Withdrawal 353 3 0.005210 

Gastrointestinal Pancreas Pancreatic cell line G1 phase Withdrawal 353 2 0.006200 



Gastrointestinal Pancreas Pancreatic cancer Withdrawal 355 36 0.006460 

Gastrointestinal Pancreas Pancreatic cancer Withdrawal 355 71 0.005920 

Body Wall Body Body trunk development Dependence 317 50 0.001450 

Body Wall Body Body trunk development Withdrawal 340 26 0.000555 

Body Wall Body Body axis development Dependence 302 50 0.000078 

Body Wall Body Body axis development Withdrawal 336 25 0.000193 

Body Wall Body Myogenesis germ cell tumour lines Dependence 320 2 0.001770 

Body Wall Body Myogenesis carcinoma tumour lines Dependence 320 2 0.001770 

Body Wall Body Development of abdomen Dependence 317 28 0.001620 

Body Wall Embryo Morphogenesis embryonic tissue Dependence 300 12 0.000036 

Body Wall Embryo Embryonic growth Dependence 305 27 0.000142 

Body Wall Embryo Embryonic morphogenesis Dependence 310 15 0.003680 

Body Wall Embryo Differentiation embryonic cells Dependence 315 15 0.00124 

Body Wall Embryo Differentiation embryonic stem cells Dependence 322 8 0.002320 

Body Wall Embryo Embryonic growth Dependence 324 16 0.002810 

Body Wall Embryo Quantity of embryo Withdrawal 348 6 0.002320 

Body Wall Embryo Stimulation of embryonic tissue Withdrawal 356 2 0.006950 

Uronephrology Urinary system Urinary system morphology Dependence 322 17 0.000220 

Uronephrology Urinary system Familial anomalies Urinary tract Withdrawal 352 8 0.004400 

Uronephrology Kidney Renal agenesis Dependence 311 5 0.000429 

Uronephrology Kidney Morphology of renal tubule Dependence 313 8 0.000606 

Uronephrology Kidney Morphology of kidney Dependence 322 16 0.002160 

Uronephrology Kidney Renal lesion Dependence 322 48 0.002200 

Uronephrology Kidney Abnormal Morphology of renal tubule Dependence 323 7 0.002550 

Uronephrology Kidney Proximal tubular toxicity Withdrawal 352 4 0.004190 

Chromosomes Chromosomes Homologous pairing of chromosomes Dependence 302 4 0.000079 

Chromosomes Chromosomes Assembly of Chromosomes Withdrawal 358 1 0.007010 

Chromosomes Chromosomes Chromosomal synapsis Dependence 298 7 0.000016 

Chromosomes Chromosomes Chromosomal synapsis Dependence 306 5 0.000182 



Neurological Synapse Glutaminergic synapse Dependence 236 29 3.11E-04 

Neurological Synapse Neuronal synapse Dependence 236 53 7.10E-05 

Neurological Synapse Dopaminergic Synapse Dependence 236 29 3.12E-05 

Neurological Synapse Dopaminergic Synapse Dependence 236 27 0.007806 

Neurological Synapse Retrograde endocannabinoid signalling Dependence 236 24 0.000511 

Neurological Synapse Long term depression Dependence 236 17 0.000582 

Neurological Synapse Long term potentiation Dependence 236 17 0.001768 

Neurological Synapse Morphine addiction Dependence 236 20 0.004349 

Neurological Synapse Serotonergic Synapse Dependence 237 21 0.018174 

Neurological Synapse Cholinergic Synapse Dependence 237 19 0.060483 

Neurological Synapse GABAergic synapse Dependence 238 15 0.081486 

Neurological Synapse Synaptic transmission Dependence 308 20 0.000291 

Neurological Synapse Synaptic Organization Dependence 310 8 0.000338 

Neurological Synapse Inhibitory post-synaptic potential Dependence 321 5 0.001890 

Neurological Synapse Maturation of synapse Dependence 323 4 0.002480 

Neurological Synapse Synaptic transmission Withdrawal 334 12 0.000143 

Neurological Synapse Long term potentiation excitatory synapses Withdrawal 337 2 0.000291 

Neurological Synapse Development of synapses Withdrawal 344 8 0.001210 

Neurological Synapse Excitatory post-synaptic potential Withdrawal 344 6 0.001250 

Neurological Synapse Synaptic transmission Withdrawal 346 4 0.002020 

Neurological Synapse Density of synapse Withdrawal 352 3 0.004640 

Neurological Synapse Binding presynaptic membrane Withdrawal 357 1 0.007010 



Supplementary Table S34.: Summary Epigenomic Hits for All Congenital Anomalies by 

Organ Target, Schrott EWAS Database 



Supplementary Table S35.: P-Values for Cancers from Schrott EWAS Database 

Cancer Code Status Page P_Value Gene_Number 

T-Lymphoblastic Leukaemia / Lymphoma ALL Dependence 300 4.08E-05 20 

G1/G1 Phase Transition Leukaemia Cell Lines ALL Dependence 310 0.000406 3 

Philadelphia Chromosome Negative Acute Lymphoblastic Leukaemia ALL Withdrawal 340 0.000601 4 

B-Lymphoblastic Leukaemia / Lymphoma w Recurrent Genetic Abnormalities ALL Withdrawal 340 0.00611 5 

Acute Leukemia ALL Withdrawal 341 0.000626 36 

Precursor B-cell Acute Lymphoblastic Leukaemia ALL Withdrawal 341 0.000684 16 

Acute Lymphoblastic Leukaemia ALL Withdrawal 348 0.00248 17 

T-Lymphoblastic Leukaemia / Lymphoma ALL Withdrawal 348 0.00257 9 

B-Cell Leukaemia ALL Withdrawal 349 0.00311 17 

Chemotherapy Refractory ALL ALL Withdrawal 350 0.00362 2 

E2A-PBX B-Cell ALL ALL Withdrawal 351 0.00412 3 

Philadelphia-Like B-cell ALL ALL Withdrawal 352 0.00438 3 

KMT2A-Rearrangement B-Cell ALL ALL Withdrawal 353 0.00464 3 

Philadelphia Positive B-Cell ALL ALL Withdrawal 354 0.00582 3 

Maturation Acute Myeloblastic Leukaemia Cell Lines AML Dependence 314 0.000896 2 

Non-M3 Acute Myeloid Leukaemia AML Dependence 323 0.00257 9 

Acute Leukemia AML Withdrawal 341 0.000626 36 

Brain glioma Brain Dependence 284 1.39E-07 227 

Brain tumour Brain Dependence 286 2.29E-07 228 

High grade Astrocytoma Brain Dependence 294 5.95E-06 179 

Brain astrocytoma Brain Dependence 294 6.45E-06 173 

Brain cancer Brain Dependence 308 0.000269 98 

Brain cell - cell movement Brain Dependence 319 0.00174 8 



Brain astrocytoma Brain Withdrawal 330 5.12E-05 77 

Brain tumour Brain Withdrawal 337 2.56E-04 94 

Brain glioma Brain Withdrawal 339 0.00052 92 

Brain cell - cell movement Brain Withdrawal 347 0.00204 5 

Glioma Brain Dependence 281 5.33E-08 235 

Glioma cancer Brain Dependence 282 6.69E-08 231 

Brain glioma Brain Dependence 284 1.39E-07 227 

Grade 3-4 Glioma cancer Brain Dependence 289 2.18E-06 194 

Grade IV High grade glioma cancer Brain Dependence 293 5.70E-05 173 

Gliomatosis cerebri Brain Dependence 307 0.000197 94 

Grade IV High grade glioma cancer Brain Withdrawal 329 0.000047 77 

Glioma Brain Withdrawal 330 0.000063 98 

Grade 3-4 Glioma cancer Brain Withdrawal 337 0.000266 82 

Glioma cancer Brain Withdrawal 338 0.000305 94 

Glioma cancer Brain Withdrawal 339 0.00052 92 

Astrocytoma Brain Dependence 291 3.52E-06 181 

Astrocytoma Brain Dependence 293 5.70E-06 173 

Astrocytoma High grade Brain Dependence 294 5.95E-06 179 

Astrocytoma Brain Dependence 294 6.45E-06 179 

Astrocytoma High grade Brain Withdrawal 326 8.42E-06 82 

Astrocytoma Grade IV Brain Withdrawal 329 4.77E-05 77 

Astrocytoma Brain Withdrawal 330 5.12E-05 77 

Breast / Colorectal cancer Breast Dependence 280 3.25E-08 233 

Breast / Pancreatic cancer Breast Dependence 290 2.64E-06 181 

Breast / Ovarian cancer Breast Dependence 304 0.000116 121 

Breast cancer cell lines morphogenesis Breast Dependence 312 0.000573 3 

Breast / Ovarian cancer Breast Dependence 315 0.000965 133 

Breast cancer cell lines metastatic potential Breast Dependence 316 0.00131 3 



Breast cancer cell lines cell proliferation Breast Withdrawal 344 0.00127 14 

Breast / Gynaecological cancer Breast Withdrawal 346 0.00201 91 

Breast / Pancreatic cancer Breast Withdrawal 355 0.00592 71 

Breast cancer cell lines cell division Breast Withdrawal 358 0.00701 1 

Philadelphia Chromosome Positive Chronic Myeloid Leukaemia CML Dependence 307 0.000213 5 

Apoptosis Chronic Myeloid Leukaemia Cell Lines CML Dependence 319 0.00177 2 

Refractory Chronic Myeloid Leukaemia CML Dependence 321 0.00196 4 

Imatinib Resistant CML in Blast Crisis CML Withdrawal 347 0.00212 2 

Imatinib Resistant CML CML Withdrawal 349 0.00308 2 

Imatinib Resistant CML in Accelerated Phase CML Withdrawal 349 0.00308 2 

Accelerated Phase CML CML Withdrawal 354 0.00521 3 

Imatinib Resistant Philadelphia positive CML CML Withdrawal 356 0.00695 2 

Colorectal / Breast cancer Colorectal Dependence 280 3.25E-08 233 

Colon carcinoma Colorectal Dependence 264 7.27E-13 195 

Colorectal carcinoma Colorectal Dependence 266 1.59E-12 201 

Colon carcinoma Colorectal Dependence 267 2.04E-12 199 

Colon carcinoma Colorectal Dependence 268 2.30E-12 197 

Colon carcinoma Colorectal Dependence 268 2.84E-12 191 

Colon carcinoma Colorectal Dependence 275 7.38E-11 213 

Colon carcinoma Colorectal Dependence 278 1.95E-10 214 

Colon carcinoma Colorectal Withdrawal 341 0.000617 74 

Colon carcinoma Colorectal Withdrawal 341 0.000687 71 

Colon carcinoma Colorectal Withdrawal 342 0.000748 70 

Colon carcinoma Colorectal Withdrawal 342 0.000867 72 

Colon carcinoma Colorectal Withdrawal 344 0.00129 72 

Colon carcinoma Colorectal Withdrawal 352 0.00476 78 

Rectum tumour Colorectal Dependence 311 0.00045 32 

Rectum tumour Colorectal Dependence 318 0.00155 30 



Rectum tumour Colorectal Dependence 320 0.00182 29 

Rectum tumour Colorectal Withdrawal 348 0.00229 15 

Gastroesophageal carcinoma Esophagus Dependence 262 3.15E-13 169 

Gastroesophageal carcinoma Esophagus Dependence 265 1.53E-12 171 

Gastroesophageal carcinoma Esophagus Dependence 282 9.77E-08 103 

Esophageal adenocarcinoma Esophagus Dependence 320 0.00188 22 

Gastroesophageal carcinoma Esophagus Withdrawal 331 0.000068 64 

Esophageal carcinoma Esophagus Withdrawal 347 0.00202 15 

Gastroesophageal adenocarcinoma Esophagus Withdrawal 354 0.00525 38 

Renal clear cell carcinoma Kidney Dependence 315 0.00101 41 

Upper renal tract carcinoma Kidney Dependence 324 0.00283 48 

Liver carcinoma Liver Dependence 283 1.17E-08 168 

Liver carcinoma Liver Dependence 287 2.52E-07 171 

Liver carcinoma Liver Dependence 186 5.13E-06 186 

Liver tumour Liver Dependence 292 5.13E-06 186 

Hepatobiliary system cancer Liver Dependence 286 2.47E-07 179 

Melanoma - cutaneous Melanoma Dependence 256 3.70E-15 281 

Melanoma Melanoma Dependence 258 2.36E-14 298 

Melanoma Melanoma Withdrawal 326 7.71E-06 110 

Melanoma Melanoma Withdrawal 330 6.21E-05 115 

Myeloma - cell lines cell death Myeloma Withdrawal 345 0.00159 5 

Myeloma - cell lines apoptosis Myeloma Withdrawal 355 0.00622 4 

Myeloma - cell lines cell adhesion Myeloma Withdrawal 357 0.00701 1 

B-Cell Non-Hodgkin Lymphoma NHL Dependence 303 9.67E-05 45 

Non-Hodgkin Lymphoma NHL Dependence 307 0.000208 55 

Lymphoma - Hodgkins / DLBCNHL NHL Dependence 314 0.000777 3 

B-Cell Non-Hodgkin Lymphoma NHL Withdrawal 354 0.0057 19 

T-Lymphoblastic Leukaemia / Lymphoma NHL Dependence 300 4.08E-05 20 



B-cell Lymphoma NHL Dependence 301 5.17E-05 48 

Lymphoma NHL Dependence 303 0.000101 64 

Diffuse Lymphoma NHL Dependence 313 0.000629 35 

Diffuse B-cell Lymphoma NHL Dependence 315 0.000927 32 

High Grade Lymphoma NHL Dependence 324 0.00269 20 

B-Cell Non-Hodgkin Lymphoma Recurrent Genetic Abnormalities NHL Withdrawal 340 0.000611 5 

B-Cell Lymphoblastic Lymphoma NHL Withdrawal 343 0.000891 4 

T-Cell Lymphoblastic Leukaemia / Lymphoma NHL Withdrawal 348 0.00257 9 

KMT2A-Rearrangement B-Cell Lymphoma NHL Withdrawal 353 0.00464 3 

B-Cell Acute Lymphoblastic Lymphoma NHL Withdrawal 355 0.00646 3 

Upper aerodigestive tract carcinoma Oropharynx Dependence 283 1.25E-07 97 

Upper aerodigestive tract carcinoma Oropharynx Dependence 285 1.82E-06 98 

Upper aerodigestive tract carcinoma Oropharynx Withdrawal 327 1.60E-05 44 

Ovarian / Breast Ovary Dependence 304 0.000116 121 

Ovarian / Breast Ovary Dependence 315 0.000965 133 

Ovarian cancer Ovary Dependence 305 0.00014 68 

Ovarian Tumour Ovary Dependence 308 0.000257 74 

Ovarian cancer Ovary Dependence 312 0.000562 71 

Ovarian adenocarcinoma Ovary Dependence 314 0.000792 62 

Ovarian cancer Ovary Withdrawal 356 0.00701 1 

Pancreatic / Breast cancer Pancreas Dependence 290 2.64E-06 181 

Pancreatic / Breast cancer Pancreas Withdrawal 355 0.00592 71 

Pancreatobiliary tumour Pancreas Dependence 288 9.10E-07 124 

Pancreatic cancer Pancreas Dependence 297 1.19E-05 95 

Pancreatic cancer Pancreas Dependence 298 1.26E-06 106 

Pancreatic cancer Pancreas Dependence 299 0.000021 90 

Pancreatic cancer Pancreas Dependence 300 0.000033 85 

Pancreatic cancer Pancreas Dependence 301 0.00006 82 



Pancreatic cancer cell lines cell migration Pancreas Dependence 323 0.00239 6 

Pancreatic cancer cell lines cell invasion Pancreas Withdrawal 353 0.00521 3 

Pancreatic cancer cell lines G1 phase Pancreas Withdrawal 355 0.0062 2 

Pancreatic cancer Pancreas Withdrawal 356 0.00646 36 

Protate cancer Prostate Dependence 279 2.88E-08 148 

Prostatic adenocarcinoma Prostate Dependence 287 8.39E-07 123 

Prostatic carcinoma Prostate Dependence 288 9.39E-07 128 

Protate cancer Prostate Withdrawal 340 5.33E-04 59 

Prostatic adenocarcinoma Prostate Withdrawal 350 0.00349 48 

Prostatic carcinoma Prostate Withdrawal 50 0.00363 50 

Prostate cancer cell adhesion Prostate Withdrawal 357 0.00701 1 

Gastroesophageal carcinoma Stomach Dependence 262 3.15E-13 169 

Gastroesophageal carcinoma Stomach Dependence 265 1.53E-12 171 

Gastroesophageal carcinoma Stomach Dependence 282 9.77E-08 103 

Gastroesophageal carcinoma Stomach Withdrawal 331 0.000068 64 

Gastroesophageal adenocarcinoma Stomach Withdrawal 354 0.00525 38 

Male Genital Neoplasm Testis Dependence 279 1.14E-08 153 

Malignant Male Genital Neoplasm Testis Dependence 279 1.60E-08 151 

Male Genital Neoplasm Testis Withdrawal 341 6.75E-04 60 

Thyroid Thyroid Dependence 241 1.21E-17 318 

Thyroid Thyroid Dependence 242 1.26E-17 319 

Thyroid Thyroid Withdrawal 345 0.00141 115 

Genitourinary adenocarcinoma Urinary Dependence 259 2.54E-14 259 

Genitourinary adenocarcinoma Urinary Dependence 271 1.08E-11 277 

Malignant genitourinary solid tumour Urinary Dependence 277 1.08E-10 277 

Genitourinary adenocarcinoma Urinary Dependence 277 1.15E-10 277 

Urinary tract cancer Urinary Dependence 320 0.00189 84 

Morphology of urinary system Urinary Dependence 322 0.0022 17 



Genitourinary adenocarcinoma Urinary Withdrawal 336 0.000216 97 

Genitourinary adenocarcinoma Urinary Withdrawal 338 0.000322 359 

Malignant genitourinary solid tumour Urinary Withdrawal 339 0.000466 111 

Genitourinary tumour Urinary Withdrawal 340 0.000547 112 



Supplementary Table S36.:  P-Values for Cannabinoid-Cancer Association – 

Overall Schrott Data, Ordered by Minimum P-Value 



Supplementary Table S37.:  P-Values for Cannabinoid-Cancer Association – 

Overall Schrott Data, Ordered by Median P-Value 

Cancer 
Number of 

Annotations 

Median 

Gene 

Number 

Cumulative 

Gene 

Number 

Minimum P-

Value 

Mean P-

Value 

Median P-

Value 

Thyroid 3 318 752 1.21E-17 4.70E-04 1.26E-17 

Testis 3 151 364 1.14E-08 2.25E-04 1.60E-08 

Stomach 5 103 545 3.15E-13 0.0011 9.77E-08 

Liver 5 179 890 1.17E-08 2.15E-06 2.52E-07 

Oropharynx 3 97 239 1.25E-07 5.98E-06 1.82E-06 

Melanoma 4 198 804 3.70E-15 1.75E-05 3.86E-06 

Pancreas 12 83.5 881 9.10E-07 0.0022 0.0000 

Brain 28 98 3726 5.33E-08 2.31E-04 4.74E-05 

Esophagus 7 64 582 3.15E-13 0.0013 6.80E-05 

Urinary 10 185.5 1870 2.54E-14 5.64E-04 2.69E-04 

Prostate 7 59 557 2.88E-08 0.0021 0.0005 

Colorectal 18 76 2186 7.27E-13 8.38E-04 5.34E-04 

Ovary 7 71 530 1.16E-04 0.0014 0.0006 

NHL 15 20 365 4.08E-05 0.0018 0.0008 

AML 3 9 47 6.26E-04 0.0014 0.0009 

Breast 10 81 851 3.25E-08 0.0019 0.0011 

Kidney 2 44.5 89 0.0010 0.0019 0.0019 

CML 8 2 22 2.13E-04 0.0030 0.0026 

ALL 14 4.5 141 4.08E-05 0.0028 0.0028 

Myeloma 3 4 10 0.0016 0.0049 0.0062 



Supplementary Table S38.: P-Values for Cannabinoid-Cancer Association – Cannabis Dependency, 

Schrott Data, Ordered by Minimum P-Value 



Supplementary Table S39.: P-Values for Cannabinoid-Cancer Association – Cannabis Dependency, 
Schrott Data, Ordered by Median P-Value 



Supplementary Table S40.:  P-Values for Cannabinoid-Cancer Association – Cannabis Withdrawal, 

Schrott Data, Ordered by Minimum P-Value 



Supplementary Table S41.:  P-Values for Cannabinoid-Cancer Association – Cannabis Withdrawal, 

Schrott Data, Ordered by Median P-Value 



Supplementary Table S42.:  Contrast of Cannabis Dependence and Withdrawal 

Significance Levels and Gene Numbers, Schrott Data 
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Supplementary Figure Captions 

Supplementary Figure S1. Overall results - negative logarithm of P-Values for 

congenital anomalies from Schrott Database by organ system. 

Supplementary Figure S2. Overall results - negative logarithm of P-Values for 

congenital anomalies from Schrott Database by organ target. 

Supplementary Figure S3. Overall results – Boxplot of negative logarithm of 
grouped P-Values for congenital anomalies from Schrott Database comparing 

cannabis dependency with cannabis withdrawal. 

Supplementary Figure S4. Number of genes annotated in the Schrott database 

for target organs by dependency status in (A) cannabis dependence and (B) 

withdrawal. 

Supplementary Figure S5. (A) Numbers of gene annotations, (B) numbers of 
genes affected  and (C) negative logarithm of P-value by cancer type - overall 

Schrott data. 

Supplementary Figure S6. Direct comparison between P-values for cannabis-

cancer relationships between (A) cannabis dependence and (B) cannabis 

withdrawal, Schrott data. 
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