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Wrap	  up	  topics	  

•  Interpre=ng	  GCTA	  output	  
•  Next	  Genera=on	  Sequencing	  
•  Copy	  Number	  Variants	  
•  Meta-‐Analysis	  



Interpre=ng	  GCTA	  Output	  



GCTA	  Output	  

Source  Variance        SE !
V(1)    8.460930        5.852812 !
V(e)    9.985167        5.369622 !
Vp      18.446097       0.989077 !
V(1)/Vp 0.458684        0.304386 !
logL    -1791.054 !
n       923	  

Gene=c	  Variance	  

Residual	  (error)	  	  

Phenotypic	  Variance	  

“heritability”	  
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NOTE:	  This	  is	  the	  narrow	  sense	  heritability	  (addi=ve	  effects)	  



Next	  Genera=on	  Sequencing	  



Sequencing	  



Sequencing	  coverage	  vs	  depth	  

E1	   E2	   E3	  P	   E1	   E2	   E3	  P	  

High	  Coverage	   High	  Depth	  



Next	  Genera=on	  Sequencing 	  	  

•  Moving	  fast	  
– High	  depth,	  high	  coverage	  now	  possible	  
– Prices	  falling	  



What	  are	  we	  expec=ng	  to	  find?	  

•  Is	  this	  a	  looking	  under	  the	  lamp	  post	  issue?	  
– More	  and	  more	  precise	  measurement	  

•  Is	  there	  something	  new	  that	  we	  haven’t	  seen?	  



Next	  Genera=on	  Sequencing	  

•  Will	  this	  provide	  more	  answers	  than	  GWAS?	  



Sequencing	  

•  Objec=ve	  
– Find	  rare/common	  variants	  associated	  with	  
disease	  

•  Design	  
– Cohort,	  case-‐control,	  family-‐based	  

•  Molecular	  informa=on	  
– 3B	  base-‐pair	  

•  Desired	  outcome	  
– Find	  gene=c	  varia=on	  underlying	  disease	  



Disease	  and	  DNA	  Varia=on	  

Penetrance:	  P(D	  |	  G)	  
2012	  Nature	  Reviews	  |	  Gene=cs	  



GWAS:	  Common	  Disease	  /	  Common	  Variant	  

Higher	  disease	  prevalence	  associated	  with	  T	  allele	  



Sequencing:	  Rare	  Variant	  Hypothesis	  

Diseased	   Non-‐Diseased	  



Inherited	  vs	  de	  novo	  muta=on	  

Offspring	   Offspring	  



Inherited	  vs	  de	  novo	  muta=on	  
Inherited	  	   de	  novo	  (private)	  	  

Dad	   Mom	   Dad	   Mom	  

Offspring	   Offspring	  



Tumor	  genomes	  

Gerlinger	  et	  al	  (2012)	  |	  NEJM	  



Paternal	  Age,	  Au=sm	  and	  Muta=ons	  

Kong	  et	  al.,	  2012	  



Disease	  characteris=c	  vs	  predic=on	  

•  Muta=ons	  and	  gene=c	  varia=on	  may	  be	  part	  
of	  the	  disease	  process	  

•  However,	  can	  we	  use	  our	  DNA	  to	  predict	  
future	  disease?	  
– Using	  “clones”	  (monozygo=c	  twins)	  might	  help	  us	  
answer	  the	  ques=on…	  



Roberts	  et	  al.,	  2012	  



NGS	  Analy=c	  Considera=ons	  

•  Common	  varia=on	  
– GWAS	  pipeline	  applies	  

•  Rare	  varia=on	  
– Might	  require	  new	  methods/thinking	  



Analysis	  of	  rare	  variants	  

•  Effec=vely	  count	  data	  
– Number	  of	  muta=ons/variants	  

•  Accumula=on	  of	  rare	  variants	  
– Genome-‐wide	  
– Genic	  region	  
– Pathway/system	  



Analysis	  of	  rare	  variants	  

•  Counts	  follow	  a	  Poisson	  distribu=on	  
– “rate”	  of	  muta=onal	  load	  

•  Weight	  variants	  
– Prior	  biological	  informa=on	  
– Up-‐weight	  specific	  variants	  





Watch	  this	  space	  

•  Methods	  are	  changing	  fast	  



Copy	  Number	  Varia=on	  
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How	  do	  we	  measure	  CNVs?	  

•  GWAS	  plajorms	  
•  RT	  PCR	  and	  dPCR	  methods	  
•  Next	  Gen	  Sequencing	  



GWAS	  Plajorm	  

•  PennCNV	  is	  a	  common	  tool	  designed	  to	  
harness	  Illumina	  and	  Affy	  data	  
– Reliable	  and	  well-‐documented	  



CNV	  Analysis	  



CNV	  Analysis	  



Meta-‐Analysis	  



Aggrega=ng	  the	  evidence	  

•  Oken,	  we	  are	  interested	  in	  combining	  
evidence	  across	  independent	  studies	  

•  There	  are	  a	  variety	  of	  ways	  to	  do	  this	  



Differing	  approaches…	  	  

•  Mega-‐Analysis	  
•  Combining	  Significance	  
•  Meta-‐Analysis	  
•  Weighted	  Hypothesis	  Tes=ng	  



Mega-‐Analysis	  

•  Combine	  two	  or	  more	  samples	  
•  Requires	  access	  to	  raw	  data	  
•  Many	  consor=a	  u=lize	  this	  approach	  



Mega-‐Analysis	  

•  Strengths	  
– Unprecented	  sta=s=cal	  power	  

•  Weaknesses	  
– Combining	  across	  heterogeneous	  samples	  
–  Ignore	  varia=on	  between	  studies	  



Combining	  significance	  

•  Rather	  than	  combine	  raw	  data,	  you	  combine	  
test	  sta=s=cs	  and/or	  p-‐values	  

•  Simplest	  approach	  
– Fisher’s	  Method	  



Fisher’s	  Method	  

•  Strengths	  
– Simple	  approach	  
– Does	  not	  require	  raw	  data	  

•  Weaknesses	  
– Assump=ons	  

•  Independent	  tests	  
•  Uniform	  distribu=on	  of	  p-‐values	  

– Lack	  of	  effect	  size	  (only	  p-‐values)	  



Meta-‐Analysis	  

•  Combining	  effect	  size	  es=mates	  across	  studies	  
– Odds	  ra=os,	  risk	  ra=os,	  etc.	  

•  Important	  dis=nc=on	  
– Random	  vs	  Fixed	  Effects	  



Fixed	  vs	  Random	  Effects	  

•  Fixed	  Effects	  Meta-‐Analysis	  
–  Ignores	  between-‐study	  variance	  

•  Random	  Effects	  Meta-‐Analysis	  
–  Incorporates	  between-‐study	  variance	  
– More	  conserva=ve	  (wider	  confidence	  intervals)	  



Conduc=ng	  a	  meta-‐analysis	  

•  Requirements	  
– Proper	  extensive	  literature	  search	  
– Parameter	  es=mate	  (i.e.	  odds	  ra=o)	  
– Standard	  error	  

•  Various	  tools	  to	  conduct	  a	  meta-‐analysis	  
– R	  packages	  

•  Metafor	  is	  a	  good	  op=on	  
•  Provides	  graphics	  



Examples	  

•  See	  alzgene.org	  




