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Background	
  
•  Physics	
  PhD	
  (2001)	
  from	
  Notre	
  Dame,	
  moved	
  onto	
  computer	
  

science	
  first	
  
	
  

•  At	
  Penn	
  State	
  since	
  2003,	
  refocused	
  on	
  bioinforma2cs	
  
	
  

•  Since	
  2009	
  I	
  teach	
  courses	
  on	
  Applied	
  Bioinforma5cs	
  and	
  	
  
Bioinforma5cs	
  Programming	
  

	
  
	
  
•  Since	
  2010	
  Director	
  of	
  Bioinforma2cs	
  Consul2ng	
  Center	
  at	
  PSU	
  

	
  
	
  
•  I	
  also	
  love	
  to	
  program	
  tools	
  and	
  web	
  applica2ons	
  



What	
  is	
  bioinforma2cs?	
  

•  Computa2onal	
  analysis	
  of	
  	
  genomic	
  data	
  
	
  

•  Genomics:	
  all	
  informa2on	
  rela2ng	
  to	
  the	
  
gene2c	
  sequence	
  (DNA)	
  of	
  an	
  organism	
  

	
  



Beginnings:	
  Human	
  Genome	
  Project	
  

•  Completed	
  in	
  2000	
  at	
  the	
  cost	
  of	
  $3	
  billion	
  

•  Promised	
  to	
  bring	
  about	
  a	
  revolu2on	
  in	
  the	
  
understanding	
  of	
  biology	
  in	
  general	
  and	
  
genomic	
  medicine	
  in	
  par2cular	
  

	
  



It	
  all	
  seems	
  so	
  simple	
  

•  DNA	
  is	
  made	
  up	
  of	
  simple	
  elements:	
  A,	
  T,	
  G,	
  C	
  

•  What’s	
  good	
  with	
  tedious	
  but	
  well	
  defined	
  
tasks?	
  	
  

DNA	
  analysis	
  +	
  	
  computer	
  à	
  match	
  made	
  in	
  
heaven	
  



10,000	
  exonic	
  sites	
  where	
  the	
  RNA	
  does	
  not	
  match	
  the	
  DNA,	
  
All	
  12	
  possible	
  categories	
  of	
  discordance	
  have	
  been	
  observed	
  





1	
  year	
  later	
  

Cri2cs	
  say:	
  at	
  
least	
  89%	
  of	
  the	
  
sites	
  are	
  false	
  
posi2ves	
  





Genomes	
  Unzipped	
  Blog	
  



So	
  perhaps	
  it	
  is	
  not	
  so	
  simple	
  a[er	
  all	
  

•  The	
  genomic	
  pa]erns,	
  varia2ons	
  and	
  
measurement	
  errors	
  make	
  it	
  surprisingly	
  
difficult	
  to	
  establish	
  the	
  standard	
  by	
  which	
  we	
  
decide	
  that	
  a	
  phenomena	
  has	
  been	
  observed.	
  

•  On	
  the	
  same	
  dataset	
  the	
  two	
  “de	
  facto”	
  
standards	
  tools	
  in	
  SNP	
  calling:	
  GATK	
  and	
  
SAMTOOLS	
  produce	
  results	
  that	
  are	
  only	
  
about	
  80%	
  concordant!	
  



Back	
  to	
  history:	
  	
  
rapid	
  advances	
  in	
  technology	
  

•  High	
  throughput	
  sequencing	
  instruments	
  

•  These	
  make	
  whole	
  genome	
  sequencing	
  
possible	
  at	
  a	
  single	
  ins2tu2on	
  

•  Today	
  the	
  largest	
  sequencing	
  centers	
  produce	
  
more	
  sequence	
  data	
  in	
  day	
  than	
  the	
  combined	
  
sequence	
  of	
  all	
  known	
  organisms.	
  



Rapid	
  advances	
  in	
  sample	
  prepara2on	
  

•  In	
  the	
  original	
  approach	
  the	
  DNA	
  was	
  randomly	
  
sheared	
  then	
  these	
  fragments	
  are	
  sequenced	
  

•  What	
  if	
  we	
  one	
  first	
  isolate	
  certain	
  parts	
  of	
  the	
  
genome	
  and	
  sequence	
  only	
  those:	
  Chip-­‐Seq,	
  
RAD-­‐Seq,	
  Bisulfite	
  sequencing,	
  RNA-­‐seq,	
  16S	
  
rRNA	
  
	
  

•  Each	
  of	
  these	
  techniques	
  fundamentally	
  alters	
  
the	
  modes	
  of	
  interpreta5on	
  for	
  the	
  data!	
  



From	
  in	
  between	
  lines	
  of	
  code:	
  h]p://flxlexblog.files.wordpress.com/	
  



Field	
  Guide	
  to	
  Next-­‐Genera2on	
  Sequencers	
  
Molecular	
  Ecology	
  Resources	
  (2011)	
  11,	
  759–769	
  	
  



2010:	
  Human	
  Genome	
  at	
  10	
  



Hype	
  Cycle	
  



Two	
  Sides	
  of	
  Bioinforma2cs	
  

Descrip2ve	
  
Proper2es,	
  characteris2cs.	
  
structure	
  

Ac2onable	
  
Diagnosis,	
  predic2ons	
  



Descrip2ve	
  Bioinforma2cs	
  
•  Latest	
  release	
  of	
  the	
  ENCODE	
  project	
  2012	
  
•  30	
  simultaneous	
  papers:	
  Nature,	
  Genome	
  Research,	
  Genome	
  Biology	
  
•  580	
  authors!	
  



Main	
  ENCODE	
  findings	
  
(some	
  very	
  conten2ous)	
  

•  1.2%	
  of	
  genome	
  represents	
  protein	
  coding	
  genes	
  
(20,678	
  protein	
  coding	
  genes	
  with	
  6	
  spliced	
  transcripts	
  
per	
  locus)	
  
	
  

•  62%	
  of	
  genomic	
  bases	
  are	
  present	
  in	
  long	
  RNA	
  
molecules.	
  622,403	
  transcrip2onal	
  start	
  sites	
  
	
  

•  8%	
  of	
  the	
  genome	
  enriched	
  for	
  DNA	
  binding,	
  most	
  
loca2ons	
  with	
  binding	
  mo2fs	
  (200Mb)	
  
	
  

•  First	
  a]empt	
  to	
  systema2cally	
  test	
  long	
  range	
  
chromosomal	
  interac2ons	
  



1000	
  genomes	
  project	
  
•  Another	
  rousing	
  success!	
  
•  455	
  authors!	
  



Main	
  Findings	
  	
  
	
  

•  3.6	
  million	
  SNPs	
  per	
  individual	
  
•  350,000	
  small	
  inser2ons	
  and	
  dele2ons	
  
•  717	
  large	
  dele2ons	
  

A	
  few	
  shocking	
  observa2ons	
  (these	
  are	
  all	
  healthy	
  
individuals):	
  
	
  
•  2500	
  non-­‐synonymous	
  variants	
  at	
  conserved	
  posi2ons	
  
•  20	
  –	
  40	
  damaging	
  muta2ons	
  
•  150	
  complete	
  loss	
  of	
  func2on	
  (LOF)	
  muta2ons,	
  many	
  

homozygous!	
  
	
  
	
  



(247	
  authors)	
  





Two	
  Sides	
  of	
  Bioinforma2cs	
  

Descrip2ve	
  
Proper2es,	
  characteris2cs.	
  
structure	
  

Ac2onable	
  
Diagnosis,	
  predic2ons	
  

Substan2al	
  	
  progress!	
   Surprisingly	
  li]le	
  progress!	
  



Hype	
  Cycle	
  

Today	
  

2000	
  

2010	
  



Why	
  are	
  the	
  advances	
  in	
  	
  
	
  

Ac2onable	
  Bioinforma2cs	
  	
  
	
  

so	
  slow?	
  



BIG	
  
DATA	
  



Big	
  Data	
  ≠	
  Useful	
  Informa5on	
  

DATA	
  



Big	
  Data	
  ≠	
  Useful	
  Informa5on	
  

Informa2on	
  
(Non	
  Redundant	
  Data)	
  

	
  

Informa2on	
  



Big	
  Data	
  ≠	
  Useful	
  Informa5on	
  

	
  
	
  

	
  
	
  

Interpretable	
  
informa2on	
  



Big	
  Data	
  ≠	
  Useful	
  Informa5on	
  

	
  
	
  

	
  
	
   	
  

	
  
Relevant	
  
informa2on	
  



Big	
  Data	
  ≠	
  Useful	
  Informa5on	
  

	
  
	
  

	
  
	
   	
  

	
  
Useful	
  
informa2on	
  

	
  
	
  



Big	
  Data	
  ≠	
  Useful	
  Informa5on	
  

	
  
	
  

	
  
	
   	
  

	
  
Novel	
  
informa2on	
  

	
  
	
  
	
  
	
  

Ac2onable	
  bioinforma2cs	
  starts	
  here	
  



Big	
  Data	
  ≠	
  Useful	
  Informa5on	
  

Novel	
  
informa2on	
  

Let’s	
  make	
  it	
  realis2c.	
  
	
  	
  
Big	
  circle	
  =	
  data	
  from	
  the	
  
human	
  genome	
  covered	
  at	
  
10	
  fold	
  coverage	
  	
  
(R	
  =	
  6)	
  
	
  
Suppose	
  that	
  a	
  disease	
  is	
  
caused	
  by	
  a	
  single	
  SNP	
  that	
  
happens	
  to	
  be	
  covered	
  with	
  
10	
  measurements.	
  
	
  
Then	
  the	
  radius	
  of	
  the	
  small	
  
circle	
  will	
  be	
  	
  
	
  
r	
  ~	
  R/sqrt(10^9)=	
  0.0002	
  



Why	
  does	
  the	
  data	
  grow	
  so	
  large?	
  

1.   Technological	
  Limita5ons	
  –	
  it	
  is	
  easier	
  to	
  
generate	
  more	
  reads	
  than	
  longer	
  ones.	
  Insufficient	
  
financial	
  incen2ve	
  from	
  customers.	
  

2.   Representa5onal	
  Limita5ons	
  à	
  the	
  empirical	
  
data	
  standards	
  are	
  o[en	
  inefficient	
  and	
  
seemingly	
  impossible	
  to	
  change/adapt.	
  

3.   Lack	
  of	
  educa5on	
  on	
  the	
  researchers’	
  side	
  leads	
  
to	
  a	
  incorrect	
  approach	
  	
  

	
  



Big	
  data	
  à	
  descrip2ve	
  bioinforma2cs	
  

•  Big	
  Data	
  lends	
  itself	
  to	
  making	
  general	
  
observa2ons	
  about	
  the	
  large	
  scale	
  
characteris2cs	
  of	
  a	
  genome	
  

•  It	
  makes	
  it	
  exceedingly	
  difficult	
  to	
  pinpoint	
  
one	
  par2cular	
  characteris2c	
  –	
  and	
  this	
  is	
  
unlikely	
  to	
  change!	
  



Educa2on	
  is	
  the	
  key!	
  

•  Making	
  an	
  analysis	
  easy	
  by	
  providing	
  a	
  bu]on	
  
that	
  one	
  can	
  click	
  is	
  not	
  the	
  right	
  approach!	
  

•  A	
  typical	
  analysis	
  involves	
  making	
  hundreds	
  of	
  
decisions	
  –	
  most	
  of	
  which	
  need	
  to	
  be	
  correct!	
  

•  One	
  needs	
  to	
  understand	
  the	
  process	
  at	
  a	
  
deeper	
  level.	
  



h]p://www.biostars.org	
  



BioStar	
  Users	
  



BioStar	
  a	
  window	
  into	
  the	
  	
  
challenges	
  of	
  bioinforma2cs	
  analysis	
  

•  Eye	
  opening	
  as	
  well	
  as	
  enlightening	
  
•  Plus	
  entertaining	
  



How	
  to	
  make	
  a	
  difference	
  

•  The	
  right	
  training	
  can	
  provide	
  computa5onal	
  
competence	
  within	
  six	
  months/one	
  year	
  
period.	
  

•  Trea2ng	
  bioinforma2cs	
  as	
  valida2on	
  of	
  a	
  
hypothesis	
  not	
  as	
  discovery.	
  

•  The	
  real	
  challenge	
  is	
  to	
  combine	
  exis2ng	
  
informa2on,	
  validate	
  results,	
  visualize	
  data.	
  

	
  


