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Review	
  

•  Algorithms	
  we’ve	
  covered	
  
– Clark	
  Phasing	
  
– Expecta(on	
  Maximiza(on	
  (EM)	
  Phasing	
  

•  Topics	
  we’ve	
  covered	
  
– Graph	
  theory	
  
– Popula(on	
  gene(cs	
  models	
  (e.g.	
  LD)	
  
– Maximum	
  Likelihood	
  (ML)	
  Es(ma(on	
  
– EM	
  for	
  ML	
  



What’s	
  next	
  

•  Coalescent	
  methods	
  
– Modeling	
  popula(ons	
  as	
  descendants	
  from	
  a	
  most	
  
recent	
  common	
  ancestor	
  	
  

•  Hidden	
  Markov	
  Models	
  
•  Iden(ty	
  by	
  descent	
  
–  Everyone	
  is	
  related	
  to	
  some	
  degree	
  
–  Rela(onships	
  that	
  are	
  distant	
  but	
  s(ll	
  have	
  significant	
  
haplotype	
  overlap	
  are	
  called	
  ‘cryp(cally	
  related’	
  

•  Algorithms	
  for	
  tagging	
  SNPs	
  and	
  associa(ons	
  



Known	
  haplotype	
  frequencies	
  

•  If	
  we	
  know	
  haplotype	
  frequencies	
  in	
  the	
  
poplua(on	
  we	
  can	
  phase	
  using	
  sta(s(cal	
  
methods	
  

•  E.g.	
  genotype	
  g	
  has	
  3	
  explana(ons	
  h1h2,	
  
h3h4,	
  h5h6	
  
– We	
  know	
  haplotype	
  frequencies,	
  we	
  mul(ple	
  the	
  
frequencies	
  for	
  each	
  explana(on	
  and	
  take	
  the	
  
maximum	
  value	
  



Coalescent	
  model	
  

•  In	
  general,	
  the	
  frequencies	
  are	
  unknown	
  
•  Approximate	
  computa(on	
  of	
  haplotype	
  
frequencies	
  in	
  the	
  popula(on	
  

•  Approxima(on	
  coalescent	
  models	
  
–  Intui(on:	
  New	
  haplotypes	
  are	
  created	
  from	
  
haplotype	
  exis(ng	
  in	
  the	
  popula(on	
  from	
  
muta(on	
  and	
  recombina(on	
  



Coalescent	
  phasing	
  

•  Phase	
  using	
  haplotypes	
  that	
  were	
  used	
  before	
  
in	
  other	
  phasings	
  

•  Algorithms	
  of	
  this	
  type	
  are	
  based	
  on	
  the	
  
approximate	
  coalescent	
  
– Modeled	
  well	
  by	
  hidden	
  Markov	
  Models	
  
– We	
  will	
  es(mate	
  the	
  parameters	
  with	
  EM	
  



Algorithms	
  
•  PHASE	
  
–  Can	
  handle	
  about	
  100	
  SNPs	
  by	
  100	
  people	
  
–  The	
  gold	
  standard	
  for	
  phasing	
  small	
  regions	
  
–  Employs	
  markov	
  chain	
  monte	
  carlo	
  

•  fastPHASE	
  
–  Can	
  handle	
  larger	
  data	
  than	
  PHASE,	
  uses	
  HMM	
  

•  BEAGLE	
  
–  Faster	
  than	
  fastPHASE	
  and	
  more	
  accurate	
  on	
  large	
  (>1000	
  
people)	
  data	
  but	
  less	
  accurate	
  when	
  you	
  have	
  <100	
  
individuals	
  

•  SHAPE-­‐IT	
  
– More	
  efficient	
  



Algorithm	
  con(nued	
  

•  MACH	
  
•  IMPUTE2	
  
– Based	
  on	
  seminal	
  work	
  on	
  recombina(on	
  due	
  to	
  
Li-­‐Stephens	
  model	
  

– Use	
  HMMs	
  



Iden(ty	
  by	
  descent	
  

•  Two	
  regions	
  are	
  iden(cal	
  by	
  descent	
  
•  Suppose	
  we	
  know	
  
– Haplotype	
  frequencies	
  
– Where	
  IBD	
  regions	
  are	
  



Example	
  
SNP	
   Unphased	
  

Genotypes	
  
Shared	
  
Haplotypes	
  

IBD-­‐phased	
  
genotypes	
  

Phasing	
  
Individual	
  1	
  

Phasing	
  
Individual	
  2	
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  C	
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2	
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  T	
  	
  	
  	
  C	
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4	
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5	
   {C/C}	
  {C/C}	
   C	
   C	
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Individual	
  1	
  in	
  black,	
  2	
  in	
  ref	
  
If	
  haplotype	
  frequencies	
  for	
  all	
  haplotypes	
  in	
  the	
  phasings	
  
of	
  individuals	
  1	
  and	
  2	
  are	
  known,	
  mul(plying	
  the	
  
haplotypes	
  of	
  the	
  explana(ons	
  will	
  give	
  you	
  the	
  
probability	
  of	
  the	
  phasing.	
  


