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Major	  challenges	  in	  GWAS

• GWASs	  can	  only	  report	  large	  clusters	  of	  SNPs	  (LD	  blocks)	  
including	  not	  only	  causal	  variants	  but	  also	  many	  liked	  
neutral	  SNPs

• Statistical	  approaches	  for	  fine	  mapping	  are	  not	  applicable	  
for	  rare	  variants

• Majority	  of	  disease-‐associated	  DNA	  variants	  are	  thought	  
to	  alter	  not	  the	  gene	  itself	  but	  the	  regulatory	  elements

• Our	  incomplete	  knowledge	  of	  noncoding	  regions	  limits	  
the	  functional	  interpretation	  of	  underlying	  variants

• The	  wealth	  of	  cell-‐type-‐specific	  human	  epigenomes	  help	  
with	  the	  identification	  of	  functional	  noncoding	  variants





GWAS  cohort  size
ADHD ASD BPD MDD SCZ

Case 2,787 4,949 6,990 9,227 9,379
Control 2,635 5,314 4,820 7,383 7,736

Number  of  association  blocks
ADHD ASD BPD MDD SCZ

Training  set  (chr  1-10) 227 253 292 267 384
Validation  set  (chr  15-22) 67 84 113 87 129
Test  set (chr 11-14) 46 54 69 51 88

At  least  one  positive  call 285 333 430 347 536

GWAS  data  by  the  Psychiatric  Genomics  Consortium







GWAS  cohort  size
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Control 2,635 5,314 4,820 7,383 7,736

Number  of  association  blocks
ADHD ASD BPD MDD SCZ

Training  set  (chr  1-10) 227 253 292 267 384
Validation  set  (chr  15-22) 67 84 113 87 129
Test  set  (chr  11-14) 46 54 69 51 88

At  least  one  positive  call 285 333 430 347 536
Positive  call  for  

the  most  significant  SNP 57.5% 52.3% 54.2% 56.5% 50.9%
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Two  negative  control  sets

:  variants  that  are  heterozygous  in  any  affected  individual  in  each  family  

:  variants  that  are  homozygous  in  any  of  the  1000  Genomes  samples  









Identification	  of	  ASD	  genes

• The	  15,874	  variants	  formed	  clusters	  consisting	  of	  a	  series	  
of	  rare	  alleles	  derived	  from	  the	  same	  family.	  

• Runs	  of	  homozygosity	  (ROH),	  long	  stretches	  of	  
consecutive	  homozygous	  genotypes,	  reflect	  
chromosomal	  segments	  shared	  identically	  by	  descent.	  
ROH	  resulted	  from	  consanguinity	  may	  allow	  rare	  
deleterious	  variants	  to	  exist	  in	  homozygous	  form.	  

• We	  detected	  447	  ROH	  consisting	  of	  the	  rare	  variants.	  The	  
prediction	  scores	  were	  significantly	  higher	  for	  the	  ASD	  
family	  ROH	  than	  the	  1000	  Genomes	  ROH.

• We	  identified	  three	  ROH	  genes,	  namely	  CHD5,	  FRRS1L,	  
and	  APP,	  with	  10,	  8,	  and	  5	  rare	  variants	  with	  positive	  call	  
near	  the	  transcription	  start	  site.



Socio-communicative  abnormalities  of  Chd5-/- mice
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새로운 자폐증 유전자의 행동실험  
Frrs1l knock-out (KO) Mice – Three chamber test 
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Conclusion

• A	  major	  challenge	  facing	  GWAS	  is	  how	  to	  pinpoint	  
DNA	  variants	  that	  actually	  contribute	  to	  associated	  
phenotypes

• A	  majority	  of	  disease-‐associated	  DNA	  variations	  are	  
thought	  to	  alter	  regulatory	  elements	  in	  noncoding	  
regions

• Convolutional	  neural	  networks	  trained	  on	  epigenetic	  
and	  regulatory	  features	  accurately	  predicted	  causal	  
variants	  associated	  with	  psychiatric	  disorders

• Combined	  with	  family	  genome	  data,	  our	  deep	  
learning	  method	  identified	  a	  novel	  autism	  gene
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Runs  of  homozygosity  (ROH)




