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Open	
  source	
  so@ware	
  defining	
  the	
  
model	
  giving	
  rise	
  to	
  the	
  line	
  



Upshot	
  

•  A	
  simple	
  univariate	
  visualiza(on	
  tool	
  can	
  have	
  
considerable	
  flexibility	
  
– Choice	
  of	
  reference	
  distribu(on	
  
– Quan(les	
  to	
  use	
  to	
  select	
  a	
  ‘nearby’	
  member	
  of	
  
the	
  reference	
  family	
  	
  

•  We	
  thus	
  avoid	
  having	
  different	
  interfaces	
  for	
  
related	
  but	
  noniden(cal	
  applica(ons	
  



Exemplar,	
  very	
  new:	
  from	
  the	
  Sushi	
  
package:	
  



Upshots	
  

•  Cascading,	
  zooming	
  scans	
  of	
  diverse	
  related	
  assays	
  
are	
  evidently	
  of	
  interest	
  for	
  integra(ve	
  analysis	
  

•  Query:	
  can	
  we	
  do	
  more	
  than	
  ‘gawk’	
  at	
  such	
  a	
  busy	
  
display?	
  

•  Query:	
  can	
  we	
  change	
  focus	
  to	
  other	
  regions,	
  
develop	
  hints	
  for	
  where	
  to	
  go?	
  

I	
  will	
  harp	
  on	
  the	
  following	
  no(on:	
  If	
  you	
  can	
  make	
  a	
  
display	
  for	
  a	
  given	
  gene	
  (feature),	
  try	
  to	
  program	
  so	
  
that	
  it	
  can	
  be	
  made	
  for	
  ANY	
  gene	
  (feature)	
  



Overview	
  

•  Purposes	
  of	
  sta(s(cal	
  and	
  genomic	
  
visualiza(on:	
  
– General	
  sanity	
  checks,	
  rapid	
  surveys	
  
– Cri(cism,	
  refuta(on	
  
–  In(ma(on	
  of	
  differences,	
  rela(onships	
  

•  Well-­‐executed	
  visualiza(ons	
  may	
  speed	
  
discovery	
  or	
  help	
  to	
  avoid	
  dead	
  ends	
  

•  Interac(ve	
  visualiza(ons	
  are	
  now	
  quite	
  
feasible	
  but	
  must	
  be	
  well-­‐designed	
  



Three	
  key	
  concepts	
  for	
  all	
  sta(s(cal	
  
analysis	
  efforts	
  

•  Rela(on	
  to	
  popula(on	
  sampling	
  or	
  selec(on	
  
– What	
  is	
  the	
  underlying	
  source/process	
  of	
  data	
  
genera(on?	
  	
  Limita(on	
  of	
  observa(on	
  implies	
  
uncertainty	
  of	
  es(ma(on/interpreta(on:	
  Is	
  this	
  
exposed?	
  

•  Model	
  structure	
  and	
  assump(ons	
  
– Has	
  the	
  model	
  even	
  been	
  stated?	
  	
  Algebraic	
  form?	
  
Structural	
  and	
  random	
  elements?	
  

•  Model	
  comparison	
  and	
  improvement	
  
– All	
  models	
  are	
  false,	
  so	
  preferences	
  emerge	
  from	
  
comparisons	
  



What	
  sort	
  of	
  assump(ons	
  do	
  we	
  have	
  to	
  make	
  to	
  infer	
  
binding	
  ac(vity/inac(vity	
  of	
  ACE2	
  to	
  yeast	
  promoters	
  

on	
  the	
  basis	
  of	
  these	
  data?	
  



Ques(on	
  for	
  later:	
  Is	
  a	
  sta(c	
  graphic	
  on	
  a	
  single	
  gene	
  
ever	
  adequate	
  or	
  efficient	
  in	
  genome-­‐scale	
  data	
  

analysis	
  ?	
  



Mul(-­‐sample/mul(-­‐annota(on	
  survey	
  



Basic	
  strategy	
  of	
  this	
  talk	
  

•  Visualiza(on	
  for	
  genome-­‐scale	
  sta(s(cal	
  analysis	
  
– Objects,	
  processes,	
  spaces	
  

•  Decomposing	
  high-­‐value	
  graphical	
  paeerns	
  
– Gramma(cal	
  elements	
  
–  Rules	
  of	
  composi(on	
  
–  Interoperable	
  deployments	
  

•  Examples	
  in	
  R	
  and	
  Bioconductor	
  
– Unified	
  solu(ons	
  
–  Crea(ng	
  new	
  solu(ons	
  



Cri(cism,	
  comparison,	
  insights	
  generally	
  involve	
  concepts	
  of	
  modeling	
  …	
  





A	
  grammar	
  of	
  sta(s(cal	
  modeling	
  

•  Data	
  =	
  model	
  +	
  residuals	
  
•  All	
  of	
  the	
  data	
  are	
  decomposed	
  in	
  this	
  schema	
  
•  The	
  “+”	
  is	
  arithme(c	
  
•  Revise	
  the	
  model	
  if	
  
– Residuals	
  show	
  “interes(ng	
  structure”	
  
– Model	
  is	
  implausible	
  or	
  uninterpretable	
  
– New	
  data	
  or	
  model	
  structures	
  become	
  available	
  



An	
  ambi(on	
  of	
  S	
  (a	
  precursor	
  of	
  R)	
  

•  example(lm) # creates lm.D9  
! ! ! ! ! ! !# “lm” instance!
•  par(mfrow=c(2,2))!
•  plot(lm.D9)!

The	
  analy(cal	
  ar(fact	
  (lm.D9)	
  and	
  the	
  related	
  
instance	
  of	
  visualiza(on	
  generic	
  plot()	
  are	
  jointly	
  
designed	
  to	
  bring	
  out	
  what	
  an	
  analyst	
  needs	
  
when	
  evalua(ng	
  linear	
  model	
  fits	
  





Grammar	
  of	
  sta(s(cal	
  graphics	
  

•  Proposed	
  specifically	
  by	
  Leland	
  Wilkinson	
  
•  Formalized	
  in	
  R	
  by	
  Hadley	
  Wickham	
  
•  Key	
  components:	
  specify	
  visualiza(on	
  with	
  choices	
  of	
  
–  Coordinate	
  system	
  (cartesian,	
  transforma(on,	
  
geographical	
  map	
  projec(ons)	
  

–  Sta(s(c	
  (aggrega(on	
  of	
  data	
  through	
  averaging,	
  binning,	
  
smoothing)	
  

–  “Geom”	
  –	
  glyph	
  or	
  other	
  symbol	
  that	
  locates	
  sta(s(cs	
  in	
  
the	
  selected	
  coordinate	
  system	
  

–  “Aesthe(c”	
  –	
  binding	
  of	
  data	
  variables	
  to	
  graph	
  variables	
  	
  



Simon	
  et	
  al.,	
  Cell	
  2001:	
  Serial	
  regula(on	
  of	
  TxReg	
  in	
  SacCer	
  	
  	
  





Lab	
  ac(vity:	
  use	
  ChIP-­‐chip	
  data	
  from	
  Harbison+	
  2004	
  to	
  sort	
  genes,	
  binding	
  
intensi(es,	
  and	
  expression	
  peak	
  (mings	
  to	
  obtain:	
  	
  

Percentage	
  
of	
  cycle	
  
traversed	
  
at	
  (me	
  of	
  
peak	
  
expression	
  



There	
  is	
  a	
  conceptual	
  problem	
  with	
  
this	
  display:	
  what	
  is	
  it?	
  



Some	
  comments	
  

•  Cartesian	
  coordinates	
  not	
  ideal	
  for	
  periodic	
  
processes	
  
–  Comment	
  on	
  ‘high	
  outliers’	
  in	
  the	
  boxplots	
  

•  Network	
  rela(onships	
  of	
  central	
  concern,	
  also	
  
not	
  immediately	
  handled	
  

•  Data	
  =	
  Model	
  +	
  Residual?	
  	
  How	
  can	
  influen(al	
  
visualiza(ons	
  present/emphasize	
  
–  Links	
  to	
  data?	
  
– Assessment	
  of	
  uncertainty	
  and	
  opportuni(es	
  for	
  
enhancement?	
  



Using	
  ggplot2	
  
•  Obtain	
  a	
  data	
  frame	
  with	
  candidates	
  for	
  x,	
  y	
  
> mydf[1:4,]!
         time YAL040C     orf   scatime!
alpha_0     0    1.04 YAL040C   0.00000!
alpha_7     7    0.19 YAL040C  38.18182!
alpha_14   14    0.47 YAL040C  76.36364!
alpha_21   21   -1.03 YAL040C 114.54545!
!
•  Construct	
  a	
  ggplot	
  instance	
  
> ggd = ggplot(mydf, aes(x=time,y=YAL040C))!
> summary(ggd)!
data: time, YAL040C, orf, scatime [18x4]!
mapping:  x = time, y = YAL040C!
faceting: facet_null() !
	
  



ggd + geom_point()!



ggd + geom_point() + 
stat_smooth()	
  



> ggd + geom_point(aes(x=scatime)) +   
!stat_smooth(aes(x=scatime)) + coord_polar() + 
!stat_abline(slope=0, intercept=0, colour="red")  

!

NB.	
  	
  The	
  xlab	
  
is	
  wrong,	
  (me	
  
has	
  been	
  	
  
converted	
  to	
  
degrees	
  for	
  
period	
  64	
  min	
  



Upshots	
  

•  ggplot2	
  is	
  capable	
  of	
  interes(ng	
  high-­‐level	
  
visualiza(ons	
  

•  Fiqng	
  our	
  visualiza(on	
  ambi(ons	
  into	
  the	
  
formal	
  grammar	
  and	
  expanding	
  the	
  grammar	
  
to	
  handle	
  new	
  general	
  visuals	
  are	
  worthwhile	
  
ac(vi(es	
  

•  For	
  genomics:	
  ggbio	
  



2012	
  Genome	
  Biology	
  









Upshots	
  

•  ggbio	
  extends	
  ggplot2	
  grammar	
  elements	
  
•  Autonomous	
  selec(on	
  of	
  detailed	
  
transforma(ons	
  and	
  coordina(za(on	
  

•  Helps	
  with	
  the	
  explora(on	
  of	
  upstream	
  high-­‐
volume	
  quan((es	
  

•  Suppor(ng	
  sta(s(cal	
  inference?	
  
– Featurewise:	
  Group	
  significant	
  vs.	
  nonsignificant	
  
– Residuals?	
  	
  Perhaps	
  compute	
  them	
  separately	
  and	
  
reapply	
  visualiza(on	
  func(ons	
  



Approaches	
  to	
  visualiza(on	
  with	
  NGS	
  
data	
  

•  ggbio	
  –	
  extended	
  grammar	
  of	
  sta(s(cal	
  graphics	
  
•  Gviz	
  –	
  track-­‐oriented	
  object	
  sequences	
  
•  epivizr	
  –	
  genome	
  browser	
  with	
  sta(s(cal	
  
enhancements	
  

•  “built-­‐in	
  minimal	
  genome	
  browser”,	
  based	
  on	
  
shiny	
  (see	
  h5vc	
  package)	
  

•  And	
  more	
  …	
  
An	
  embarrassment	
  of	
  riches,	
  learn	
  them	
  all…	
  



And	
  167	
  more	
  ….	
  



Exemplar:	
  Zarnack	
  et	
  al.,	
  Cell	
  2013	
  



iCLIP	
  reads	
  	
  show	
  U2AF65	
  present	
  when	
  HNRNPC	
  knocked	
  out;	
  RNA-­‐seq	
  shows	
  
exoniza(on	
  in	
  vicinity	
  of	
  Alu	
  	
  …	
  note	
  scales	
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stacking	
  =	
  “hide”	
  



Gviz	
  workflow	
  for	
  display	
  

•  BAM	
  files,	
  also	
  need	
  sample	
  annota(on	
  
•  AlignmentsTrack	
  generated	
  directly	
  from	
  BAM	
  
•  Annota(onTrack	
  for	
  gene	
  model	
  derived	
  from	
  
TxDb	
  instance	
  

•  Annota(onTrack	
  for	
  Alu	
  addresses,	
  derived	
  
from	
  nestedRepeats	
  track	
  in	
  Annota(onHub	
  

•  plotTracks	
  call	
  orders	
  displays	
  



ggbio	
  workflow	
  

•  autoplot(fileList(bfv),	
  which=gma,	
  names=n)	
  
+ylim(0,60)	
  +	
  xlim(105.195e6,105.210e6)	
  





An	
  interac(ve	
  RNA-­‐seq	
  browser	
  using	
  ggvis+shiny	
  –	
  see	
  viz14dyn::zarnBrowse()	
  

Key	
  data	
  elements:	
  BAM	
  files	
  
Key	
  annota(on	
  elements:	
  Nested	
  repeats	
  from	
  Annota(onHub,	
  gene	
  models	
  from	
  TxDb	
  
Infrastructure:	
  ggvis+shiny+	
  …	
  





From	
  Lawrence	
  and	
  Morgan	
  2014	
  (to	
  appear),	
  the	
  MVC	
  paeern	
  for	
  a	
  genomic	
  visualiza(on	
  



Func(on	
  harbQQtool()	
  in	
  viz14dyn	
  package	
  

Controls	
  can	
  be	
  added	
  to	
  appraise	
  (is	
  a	
  Gaussian	
  ‘background’	
  plausible?)	
  and	
  alter	
  
the	
  model	
  (how	
  is	
  an	
  outlier	
  boundary	
  drawn?)	
  



Summary	
  

•  Many	
  packages	
  offer	
  plot	
  and	
  plot*	
  methods	
  for	
  
derived	
  data	
  structures	
  
–  Think	
  about	
  ‘reflectance’	
  when	
  choosing/designing	
  data	
  
structures,	
  to	
  simplify	
  effort	
  in	
  rendering	
  

•  Grammar	
  of	
  graphics	
  concepts	
  effec(vely	
  modularize	
  
the	
  analy(cal	
  and	
  aesthe(c	
  processes	
  in	
  visualiza(on	
  
development	
  

•  ggvis	
  +	
  shiny	
  is	
  a	
  potent	
  combina(on,	
  allowing	
  us	
  to	
  
get	
  past	
  sta(c	
  displays,	
  to	
  broaden	
  and	
  deepen	
  our	
  
engagement	
  with	
  the	
  data	
  –	
  if	
  you	
  are	
  developing	
  
data-­‐analy(c	
  methods,	
  learning	
  these	
  will	
  likely	
  pay	
  off	
  


