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How	
  DNA	
  variants	
  might	
  affect	
  varia$on	
  in	
  
mRNA	
  abundance/func$on	
  (RBH	
  Williams+	
  2007)	
  









Summary	
  

•  DNA	
  variants	
  affec$ng	
  mRNA	
  abundance	
  
observable	
  using	
  standard	
  microarray	
  plaXorms	
  

•  “Regulon”	
  models	
  for	
  coexpression	
  networks	
  
have	
  been	
  proposed	
  

•  Numerous	
  ‘func$onal’	
  polymorphisms	
  connected	
  
with	
  disease,	
  some	
  mechanis$c	
  explana$ons	
  

•  How	
  can	
  mechanics	
  be	
  further	
  elaborated?	
  
–  Structural	
  localiza$on	
  
– Details	
  of	
  mRNA	
  processing;	
  alternate	
  splicing	
  
–  Iden$fying	
  and	
  understanding	
  allelic	
  imbalance	
  









How	
  DNA	
  variants	
  might	
  affect	
  varia$on	
  in	
  
mRNA	
  abundance/func$on	
  (RBH	
  Williams+	
  2007)	
  



Dissec$ng	
  transcrip$on	
  and	
  pre-­‐mRNA	
  processing:	
  
ini$a$on,	
  cotranscrip$on	
  (splicing,	
  capping,…),	
  post-­‐tx	
  	
  









Schemata	
  for	
  SNP-­‐associated	
  splicing	
  
events	
  (Coulombe-­‐Hun$ngton	
  2009)	
  





Summary	
  

•  Structural	
  localiza$on	
  of	
  eQTL	
  depends	
  on	
  
finding	
  them	
  and	
  connec$ng	
  them	
  with	
  
relevant	
  annota$on	
  –	
  we	
  will	
  do	
  that	
  

•  Alterna$ve	
  splicing	
  analysis	
  will	
  not	
  be	
  
covered	
  in	
  this	
  tutorial	
  

•  Data	
  from	
  Stranger	
  et	
  al	
  (2007)	
  Cheung	
  et	
  al	
  
(2010)	
  will	
  be	
  primary	
  resources	
  for	
  assessing	
  
cis-­‐	
  and	
  trans-­‐associated	
  eQTL	
  







Cheung	
  et	
  al	
  2010:	
  RNA-­‐seq	
  for	
  
differen$al	
  allelic	
  expression	
  



Rela$ve	
  frequency	
  of	
  A-­‐	
  vs	
  C-­‐bearing	
  forms	
  of	
  
the	
  CHI3L2	
  transcript	
  (lek	
  panel)	
  



Summary	
  

•  SNP	
  associated	
  with	
  
– overall	
  differen$al	
  expression	
  
– alterna$ve	
  splicing	
  
– allelic	
  imbalance	
  

•  Not	
  reviewed:	
  Specific	
  to	
  context:	
  $ssue,	
  
disease,	
  developmental	
  stage	
  …	
  

•  Tutorial:	
  what	
  is	
  a	
  reasonable	
  computa$onal	
  
environment	
  to	
  foster	
  progress	
  with	
  these	
  
inves$ga$ons?	
  



A	
  collec$on	
  of	
  reads	
  from	
  GSE16921	
  
(Cheung	
  et	
  al)	
  around	
  CHI3L2	
  



Read	
  densi$es	
  compa$ble	
  with	
  gene	
  model	
  (roughly)	
  



Seeking	
  the	
  gold	
  in	
  a	
  band	
  of	
  blue	
  





Data	
  structures,	
  algorithms,	
  and	
  inference	
  for	
  
gene$cs	
  of	
  gene	
  expression:	
  moving	
  targets	
  

•  ca.	
  2008:	
  	
  
– SNP	
  chips	
  with	
  1	
  million	
  loci	
  (+	
  CNV)	
  

– Expression	
  arrays	
  with	
  50K	
  (u133+2.0)	
  to	
  many	
  
more	
  (exon	
  arrays)	
  expression	
  features	
  	
  

•  Current	
  (ambi$ons)	
  
– Genome-­‐wide	
  or	
  exome-­‐wide	
  DNA	
  sequencing	
  
– RNA-­‐seq	
  
– PlaXorms,	
  protocols,	
  required	
  depth?	
  



Perspec$ves	
  of	
  the	
  tutorial	
  

•  PlaXorms	
  for	
  array-­‐based	
  methods	
  for	
  transcript	
  
profiling	
  and	
  genotyping	
  are	
  reasonably	
  stable;	
  
archives	
  of	
  these	
  should	
  be	
  easily	
  harvested	
  by	
  
any	
  interested	
  computa$onal	
  biologist	
  

•  Concepts	
  that	
  work	
  in	
  this	
  domain	
  need	
  some	
  
extension	
  for	
  sequence-­‐based	
  context,	
  but	
  the	
  
basic	
  principles	
  should	
  carry	
  over	
  

•  Despite	
  10+	
  years	
  of	
  transcript	
  profiling	
  with	
  
microarrays,	
  frameworks	
  for	
  establishing	
  op3mal	
  
methods,	
  common	
  in	
  biosta$s$cal	
  applica$ons,	
  
have	
  not	
  been	
  established	
  



Basic	
  computa$onal	
  and	
  interpre$ve	
  
methods	
  required	
  

Array	
  context	
  

•  Preprocessing	
  
–  Quality	
  assessment,	
  

background	
  correc$on,	
  image	
  
registra$on….	
  

•  Normaliza$on	
  
–  ‘Removal’	
  of	
  non-­‐biologic	
  

sources	
  of	
  varia$on	
  

–  Establishment	
  of	
  between-­‐
sample	
  comparability	
  

•  Inference	
  

Sequencing	
  context	
  

•  Preprocessing	
  
–  Image	
  analysis/base-­‐calling	
  …	
  

basically	
  proprietary	
  

–  Quality	
  assessment,	
  filtering	
  

•  Normaliza$on	
  
–  ‘Removal’	
  of	
  non-­‐biologic	
  

sources	
  of	
  varia$on	
  

–  Establishment	
  of	
  between-­‐
sample	
  comparability	
  

•  Inference	
  



Details	
  of	
  computa$ons	
  to	
  be	
  
reviewed	
  in	
  tutorial	
  

•  Container	
  design	
  
–  Link	
  experiment	
  metadata,	
  assay	
  results,	
  sample	
  
characteris$cs	
  for	
  reliable	
  filtering,	
  reshaping,	
  and	
  
analysis	
  

– Allow	
  a	
  unified	
  view	
  even	
  if	
  the	
  resources	
  are	
  
decomposed	
  for	
  computa$onal	
  efficiency	
  

•  Decomposable	
  workflow	
  
–  Permit	
  concurrent	
  execu$on	
  of	
  embarrassingly	
  
parallelizable	
  tasks	
  

•  Avoid	
  large	
  memory	
  footprints	
  whenever	
  possible	
  





Some	
  abstrac$ons	
  for	
  array-­‐based	
  
resources	
  

•  Enumera$ons	
  
– Genes	
  (or	
  expression	
  probes)	
  1,	
  …,	
  G	
  
– Samples	
  1,	
  …,	
  N	
  (may	
  be	
  clustered	
  into	
  families)	
  
– Sample	
  characteris$cs	
  1,	
  …,	
  R	
  
– SNPs	
  on	
  chromosome	
  c,	
  1,	
  …,	
  Sc	
  

•  ExpressionSet	
  X	
  unites	
  	
  
– Assay	
  data:	
  exprs(X)	
  is	
  G	
  x	
  N	
  	
  
– Sample	
  level	
  data:	
  pData(X)	
  is	
  N	
  x	
  R	
  
– MIAME:	
  experimentData(X)	
  



Containers	
  for	
  integra$ve	
  genomics	
  
experiments	
  

•  A	
  SnpMatrix	
  for	
  a	
  SNP	
  panel	
  from	
  chromosome	
  c	
  
is	
  a	
  container	
  for	
  observed	
  or	
  imputed	
  genotypes,	
  
using	
  1	
  byte	
  per	
  locus,	
  as	
  a	
  matrix	
  of	
  dimensions	
  
N	
  x	
  Sc	
  

•  An	
  smList	
  collects	
  SnpMatrix	
  instances	
  for	
  a	
  
collec$on	
  of	
  chromosomes	
  

•  An	
  smlSet	
  X	
  combines	
  an	
  ExpressionSet	
  with	
  an	
  
smList	
  
– As	
  before	
  exprs(X)	
  is	
  G	
  x	
  N	
  
–  smList(X)[[c]]	
  is	
  N	
  x	
  Sc	
  
–  pData()	
  and	
  experimentData()	
  func$on	
  as	
  before	
  



CEPH	
  CEU	
  GENEVAR+HapMap	
  ph	
  2	
  



Various	
  views	
  of	
  chr17	
  SNP	
  



Compute	
  and	
  manage	
  an	
  eQTL	
  screen	
  
for	
  one	
  gene	
  





Summary	
  on	
  container	
  

•  Unifica$on	
  of	
  array-­‐generated	
  expression	
  and	
  
genotype	
  data	
  is	
  reasonably	
  straighXorward	
  with	
  
R	
  packages	
  

•  One	
  can	
  handle	
  large	
  numbers	
  of	
  samples	
  with	
  
50k	
  probes	
  and	
  1	
  million	
  SNPs	
  without	
  special	
  
structures	
  

•  With	
  large	
  SNP	
  panels,	
  loading	
  and	
  unloading	
  
chromosome-­‐specific	
  images	
  is	
  more	
  sensible	
  for	
  
interac$ve	
  work;	
  externalize()/getSS()	
  in	
  GGtools	
  



Summary	
  on	
  single-­‐gene	
  test	
  

•  D.	
  Clayton’s	
  snpMatrix	
  package	
  includes	
  
numerous	
  facili$es	
  for	
  import	
  and	
  fast	
  analysis	
  
of	
  large	
  genotype	
  panels	
  

•  Byte-­‐encoding	
  of	
  genotypes	
  or	
  genotype	
  
probabili$es	
  (for	
  imputa$on)	
  saves	
  space	
  

•  gwSnpTests	
  connects	
  this	
  to	
  the	
  eQTL	
  context	
  
with	
  flexible	
  specifica$on	
  of	
  associa$on	
  model	
  



Surveying	
  large	
  sets	
  of	
  genes	
  for	
  eQTL	
  



Compare	
  sizes	
  and	
  loca$ons	
  of	
  peaks	
  to	
  results	
  
when	
  expression	
  permuted	
  against	
  genotype	
  



Addi$onal	
  topics	
  in	
  the	
  array	
  context	
  

•  SNP	
  imputa$on	
  using	
  regression	
  or	
  popula$on	
  
haplotype	
  models	
  

•  Expression	
  heterogeneity	
  reduc$on	
  using	
  
surrogate	
  variable	
  analysis	
  

•  Details	
  of	
  searching	
  for	
  trans-­‐associated	
  eQTL	
  



The	
  sequencing	
  context	
  

•  We	
  are	
  concerned	
  mainly	
  with	
  processing	
  and	
  
interpre$ng	
  RNA-­‐seq	
  data	
  

•  We	
  assume	
  filtering	
  and	
  alignment	
  are	
  done	
  
well	
  

•  We	
  use	
  the	
  BAM	
  format	
  to	
  manage	
  all	
  short	
  
reads,	
  one	
  BAM	
  file	
  per	
  sample	
  

•  Idioms	
  comparable	
  to	
  the	
  X[G,S]	
  filtering	
  
specifica$on	
  for	
  ExpressionSet	
  instances	
  are	
  
available	
  with	
  BamViews	
  in	
  Rsamtools	
  



A	
  basic	
  product	
  of	
  interest,	
  for	
  a	
  
specified	
  SNP	
  



Conclusions	
  

•  Comprehensive	
  eQTL	
  search	
  –	
  a	
  readily	
  solved	
  
problem	
  with	
  50k	
  probes	
  vs	
  10	
  million	
  SNP	
  

•  Interpre$ng	
  associa$ons	
  found	
  in	
  such	
  
searches	
  is	
  challenging;	
  scalable	
  and	
  linkable	
  
access	
  to	
  result	
  sets	
  is	
  essen$al	
  

•  Working	
  with	
  RNA-­‐seq	
  data	
  to	
  dissect	
  
mechanisms	
  by	
  which	
  DNA	
  variants	
  influence	
  
mRNA	
  abundance	
  is	
  in	
  early	
  stages,	
  but	
  
feasible	
  with	
  tools	
  described	
  here	
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