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Projects	  

•  Trio:	  Whole-‐genome	  shotgun	  sequencing	  at	  high	  
coverage	  (average	  42x)	  of	  two	  families	  wiht	  
daugthers	  (CEU	  and	  YRI).	  	  

•  Low-‐coverage:	  whole-‐genome	  shotgun	  
sequencing	  at	  low	  coverage	  (2-‐6x).	  YRI	  (59),	  CEU	  
(60),	  CHB	  (30)	  and	  JPT	  (30).	  All	  individuals	  are	  
unrelated.	  

•  Exon:	  targeted	  capture	  of	  8140	  exons	  from	  906	  
randomly	  selected	  genes	  (average	  >	  50x)	  in	  697	  
individuals	  (YRI,	  LWK,	  CEU,	  TSI,	  CHB,	  JPT,CHD)	  



Three	  strategies	  in	  pilot	  project	  





Projects	  workflow	  

•  Discovery:	  alignment	  of	  sequence	  reads	  to	  the	  
reference	  genome	  and	  iden7fica7on	  of	  candidate	  sites	  
or	  regions	  at	  which	  one	  or	  more	  samples	  differ	  from	  
the	  reference	  sequence;	  	  

•  Filtering:	  use	  of	  quality	  control	  measures	  to	  remove	  
candidate	  sites	  that	  were	  probably	  false	  posi7ves;	  	  

•  Genotyping:	  es7ma7on	  of	  the	  alleles	  present	  in	  each	  
individual	  at	  variant	  sites	  or	  regions;	  	  

•  Valida7on:	  assaying	  a	  subset	  of	  newly	  discovered	  
variants	  using	  an	  independent	  technology,	  enabling	  the	  
es7ma7on	  of	  the	  false	  discovery	  rate	  (FDR).	  



Accessible	  genome	  

•  Sequence	  reads	  were	  aligned	  to	  the	  NCBI36	  
reference	  genome	  and	  made	  available	  in	  the	  
BAM	  file	  format.	  

•  Accessible	  genome-‐	  in	  low-‐coverage	  analysis	  
contains	  ca	  85%	  of	  the	  reference	  genome	  and	  
93%	  of	  the	  coding	  sequences.	  HapMapII	  99%	  of	  
sites	  are	  included.	  Of	  inaccessible	  sites,	  over	  97%	  
are	  annotated	  as	  high-‐copy	  repeats	  or	  segmental	  
duplica7ons.	  

•  Mapping:	  Illumina	  -‐>	  Maq	  v0.7,	  454	  -‐>	  SSAHA	  
v2.4,	  SOLid	  -‐>	  Corona_Lite	  v.4.0r2.0	  



Calibra7on	  
•  base	  quality	  scores	  reported	  by	  the	  image	  processing	  sojware	  were	  

empirically	  recalibrated	  by	  tallying	  the	  propor7on	  that	  mismatched	  
the	  reference	  sequence	  (at	  non-‐dbSNP	  sites)	  as	  a	  func7on	  of	  the	  
reported	  quality	  score,	  posi7on	  in	  read	  and	  other	  characteris7cs.	  	  

•  at	  poten7al	  variant	  sites,	  local	  realignment	  of	  all	  reads	  was	  
performed	  jointly	  across	  all	  samples,	  allowing	  for	  alterna7ve	  alleles	  
that	  contained	  indels.	  This	  realignment	  step	  substan7ally	  reduced	  
errors,	  because	  local	  misalignment,	  par7cularly	  around	  indels,	  can	  
be	  a	  major	  source	  of	  error	  invariant	  calling.	  

•  by	  ini7ally	  analysing	  the	  data	  with	  mul7ple	  genotype	  and	  variant	  
calling	  algorithms	  and	  then	  genera7ng	  a	  consensus	  of	  these	  results,	  
the	  project	  reduced	  genotyping	  error	  rates	  by	  30–50%	  compared	  to	  
those	  currently	  achievable	  using	  any	  one	  of	  the	  methods	  alone.	  



Local	  realignment	  and	  assembly	  

•  Local	  realignment	  was	  used	  to	  generate	  
canditate	  alterna7ve	  haplotypes	  in	  the	  
process	  of	  calling	  short	  (1-‐50	  bp)	  indels,	  as	  
well	  as	  local	  de	  novo	  assembly	  to	  resolve	  
breakpoints	  for	  dele7ons	  greater	  than	  50	  bp.	  

•  Full	  genome	  de	  novo	  assembly	  was	  
performed,	  resul7ng	  in	  the	  iden7fica7on	  of	  
3,7	  MB	  of	  novel	  sequences	  not	  maching	  
reference	  genome.	  



Pilot	  projects	  variants	  summary	  



Variant	  novelty	  



Variant	  novelty	  



SNP	  density	  	  



Variants	  distribu7on	  



ChrMT,	  chrY	  

•  Deep	  coverage	  of	  the	  mitochondrial	  genome	  allowed	  
manually	  curate	  sequences	  for	  163	  samples	  

•  Length	  heteroplasmy	  was	  detected	  in	  79%	  of	  individuals	  
compared	  with	  52%	  using	  capillary	  sequencing,	  largely	  in	  
the	  control	  region.	  Base-‐subs7tu7on	  heteroplasmy	  was	  
observed	  in	  45%	  of	  samples,	  seven	  7mes	  higher	  than	  
reported	  in	  the	  control	  region	  alone,	  and	  was	  spread	  
throughout	  the	  molecule.	  

•  The	  Y	  chromosome	  was	  sequenced	  at	  an	  average	  depth	  of	  
1.83	  in	  the	  77	  males	  in	  the	  low-‐coverage	  project,	  and	  15.23	  
depth	  in	  the	  two	  trio	  fathers.	  Using	  customized	  analysis	  
methods,	  we	  iden7fied	  2,870	  variable	  sites,	  74%	  novel,	  
with	  55out	  of	  56	  passing	  independent	  valida7on.	  



Power	  and	  accuracy	  of	  detected	  
variants	  



Func7onal	  variants	  



Associa7on	  studies	  and	  imputa7on	  



de	  novo	  muta7ons	  in	  trio	  samples	  

Popula'on	   Canditate	  
muta'ons	  

Validated	  with	  
re-‐sequencing	  

Confirmed	  true	   Muta'on	  rate	  
per	  genera'on	  	  

CEU	   3236	   1001	   49	   1.2x10-‐8	  

YRI	   2750	   669	   35	   1.0x10-‐8	  



Varia7on	  around	  genes	  



Recombina7on	  
Recombina7on.	  a,	  Improved	  resolu7on	  of	  hotspot	  
boundaries.	  The	  average	  recombina7on	  rate	  es7mated	  
from	  low-‐coverage	  project	  data	  around	  recombina7on	  
hotspots	  detected	  in	  HapMap	  II.	  Recombina7on	  hotspots	  
were	  narrower,	  and	  in	  CEU	  (orange)	  and	  CHB1JPT	  
(purple)	  more	  intense	  than	  previously	  es7mated.	  See	  
panel	  b	  for	  key.	  b,	  The	  concentra7on	  of	  recombina7on	  in	  
a	  small	  frac7on	  of	  the	  genome,	  one	  line	  per	  
chromosome.	  If	  recombina7on	  were	  uniformly	  
distributed	  throughout	  the	  genome,	  then	  the	  lines	  on	  
this	  figure	  would	  appear	  along	  the	  diagonal.	  Instead,	  
most	  recombina7on	  occurs	  in	  a	  small	  frac7on	  of	  the	  
genome.	  Recombina7on	  rates	  in	  
YRI	  (green)	  appeared	  to	  be	  less	  concentrated	  in	  	  
recombina7on	  hotspots	  than	  CEU(orange)	  or	  CHB1JPT	  
(purple).	  HapMap	  II	  es7mates	  are	  shown	  in	  black.	  
c,	  The	  rela7onship	  between	  gene7c	  varia7on	  and	  	  
recombina7on	  rates	  in	  the	  YRI	  popula7on.	  The	  top	  plot	  
shows	  average	  levels	  of	  diversity,	  measured	  as	  mean	  
number	  of	  segrega7ng	  sites	  per	  base,	  surrounding	  
occurrences	  of	  the	  previously	  described	  hotspot	  mo7f40	  
(CCTCCCTNNCCAC,	  red	  line)	  and	  a	  closely	  related,	  but	  not	  
recombinogenic,	  DNA	  sequence	  (CTTCCCTNNCCAC,	  
green	  line).	  The	  lighter	  red	  and	  green	  shaded	  areas	  give	  
95%	  confidence	  intervals	  on	  diversity	  levels.	  The	  bomom	  
plot	  shows	  es7mated	  mean	  recombina7on	  rates	  
surrounding	  mo7f	  occurrences,	  with	  colours	  defined	  as	  
in	  the	  top	  plot.	  



Selec7on	  



Full	  1000	  genomes	  project	  



Full	  1000	  genomes	  project	  

•  Low-‐coverage	  whole-‐genome	  sequencing	  
•  Array-‐based	  genotyping	  
•  Deep	  targeted	  sequencing	  of	  all	  coding	  
regions	  


