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CHALLENGE=	  how	  to	  handle	  all	  of	  
these	  data	  bioinforma*cally?	  
	  



Bioinforma*cs	  Challenges	  Abound	  	  
•  How/What	  to	  store?	  
•  How	  to	  process?	  
•  How	  to	  analyze?	  
•  How	  to	  assess	  quality?	  
– What	  is	  quality?	  
– How	  to	  QC?	  

•  How	  to	  compress?	  



Data	  Sizes	  

Courtesy	  of	  Illumina	  





What	  does	  the	  data	  look	  like	  
and	  how	  is	  it	  QC’d?	  
	  

Assembly	  
Alignment	  

Analysis	  



Sequence	  Data	  Analysis	  



Genotyping	  vs.	  Sequencing	  
●  Genotyping	  is	  primer-‐based	  

o  What	  comes	  aOer	  “...ATGATCTTATTAA”?	  
o  Pro:	  High	  quality	  answers	  
o  Con:	  Need	  to	  know	  the	  primer	  a	  priori	  

●  Sequencing	  is	  DNA	  replicaWon	  based	  
o  I	  have	  “GCCCTGGACA”	  and	  “GGGATGGACA”	  and	  

“GCTATAGTCT”	  …	  what	  does	  that	  mean?	  
o  Pro:	  Can	  detect	  novel	  variaWon	  
o  Con:	  Highly	  suscepWble	  to	  error,	  many	  steps	  

●  Sequencing	  is	  more	  powerful,	  but	  many	  
things	  can	  go	  wrong,	  from	  DNA	  -‐>	  VCF	  





Quality	  assessment	  
•  Evaluate	  the	  quality	  of	  raw	  reads	  and	  to	  remove,	  trim	  or	  

correct	  reads	  that	  do	  not	  meet	  the	  defined	  standards	  
•  Need	  to	  filter	  out:	  

–  Base	  calling	  errors,	  INDELs,	  poor	  quality	  reads	  and	  adaptor	  
contaminaWon	  

•  Generally,	  these	  steps	  include:	  
–  visualizaWon	  of	  base	  quality	  scores	  and	  nucleoWde	  distribuWons	  
–  trimming	  of	  reads	  and	  read	  filtering	  based	  on	  base	  quality	  score	  
and	  sequence	  properWes	  such	  as	  primer	  contaminaWons	  

–  N	  content	  and	  GC	  bias.	  

Pabinger	  et	  a.	  2013	  Briefings	  in	  BioinformaWcs	  



Name	   OS	   Input	   Output	   Supported	  
plaOorms	  

Report	   Tag	  (1)	  
removal	  

Filtering	   Trimming	  

ContEST	  [1]	   Lin,	  Mac,	  Win	   BAM,	  VCF,	  FASTA	  
(ref)	  

TXT	   Illumina,	  	  
ABI	  SOLiD,	  454	  

no	   no	   no	   no	  

FastQC	  [2]	   Lin,	  Mac,	  Win	   (CS)	  FASTQ,	  SAM,	  
BAM	  

HTML	   Illumina,	  	  
ABI	  SOLiD	  

yes	   no	   no	   no	  

FASTX-‐Toolkit	  [3]	   Lin,	  Mac,	  
web	  

interface	  

FASTA,	  FASTQ	   FASTA,	  FASTQ	   Illumina	   yes	   yes	   yes	   yes	  

Galaxy	  [4]	   Lin,	  Mac,	  
web	  

interface,	  
Cloud	  

instance	  

FASTQ	   FASTQ	   Illumina	   yes	   yes	   yes	   yes	  

htSeqTools	  [5]	   Lin,	  Mac,	  Win	   FASTQ	   Graphs	   Illumina	   yes	   no	   no	   no	  

NGSQC	  [6]	   Lin	   FASTA	  (ref),	  FASTQ,	  
CSFASTA,	  QUAL	  

FASTA	  

HTML	   Illumina,	  
ABI	  SOLiD	  

yes	   no	   no	   no	  

PIQA	  [7]	   Lin,	  Mac,	  Win	   FASTQ,	  bustard,	  
output,	  SCARF	  

HTML,	  TXT	   Illumina	   yes	   no	   no	   no	  

PRINSEQ	  [8]	   Lin,	  Mac,	  
Win,	  
web	  

interface	  

FASTA,	  FASTQ,	  QUAL	  
FASTA	  

FASTA,	  FASTQ,	  
QUAL	  FASTA,	  

HTML	  

Illumina,	  454	   yes	   no	   yes	   yes	  

SolexaQA	  [9]	   Lin,	  Mac	   FASTQ	   FASTQ,	  PNG	   Illumina,	  454	   yes	   no	   no	   yes	  

TagCleaner	  [10]	   Lin,	  Mac,	  
web	  

interface	  

FASTA,	  FASTQ	   FASTA	   454	   no	   yes	   no	   no	  

TileQC	  [11]	   Lin,	  Mac	   Eland	  output	   Graphs	   Illumina	   yes	   no	   no	   no	  

Quality	  assessment	  tools	  





Step	  1:	  Output	  +	  Alignment	  
●  Alignment	  is	  the	  process	  of	  assigning	  a	  

posiWon	  in	  the	  genome	  to	  each	  read	  
●  Output	  from	  sequencers	  is	  FASTQ	  format	  

o  Each	  read	  lists	  all	  bases	  
o  Each	  base	  has	  an	  associated	  quality	  
o  No	  associated	  reference	  

●  Need	  to	  align	  each	  read	  to	  the	  chosen	  
reference	  genome	  
o  Reference	  must	  be	  consistent	  throughout	  the	  

project	  
o  We	  typically	  use	  bwa	  (Burrows-‐Wheeler	  Aligner)	  
o  Other	  opWons	  are	  Novoalign	  



Step	  1:	  Alignment	  ConsideraWons	  

•  Alignment	  is	  VERY	  computaWonally	  intensive	  
–  Claim	  3	  hrs,	  6	  GB	  for	  a	  full	  human	  genome	  
–  We	  have	  seen	  2	  hrs,	  12	  GB	  on	  4	  threads	  for	  a	  
targeted	  exome	  (PGX	  project)	  

•  Input	  for	  alignment	  is	  FASTQ	  
•  Output	  of	  alignment	  is	  a	  SAM	  (or	  BAM)	  file	  
•  Using	  a	  reference	  with	  decoy	  sequences	  can	  
give	  beoer	  results	  
–  Decoy	  sequences	  aoract	  common	  forms	  of	  
contaminaWon	  (e.g.	  herpes	  simplex)	  



Alignment	  

•  AOer	  quality	  assessment	  is	  completed	  
•  Aligned	  to	  a	  reference	  genome	  



Name OS Input Output Supported	  
plaporms 

Indexing	  method Gapped	  
alignment 

BarraCUDA	  [12] Lin FASTQ SAM Illumina FM	  index	  (BWT) yes 

BFAST	  [13] Lin FASTQ SAM Illumina,	  ABI	  
SOLiD,	  454 

MulWple	  (hash,	  
tree,	  …) 

yes 

BowWe	  [14] Lin,	  Mac,	  
Win 

FASTQ,	  FASTA SAM Illumina,	  ABI	  
SOLiD 

FM	  index	  (BWT) no 

BowWe2	  [15] Lin,	  Mac,	  
Win 

FASTQ,	  FASTA,	  
QSEQ 

SAM Illumina,	  454 FM	  index	  (BWT) yes 

BWA	  [16] Lin (CS)FASTQ,	  
FASTA 

SAM Illumina,	  ABI	  
SOLiD(1) 

FM	  index	  (BWT) yes 

BWA-‐SW	  [17] Lin FASTQ,	  FASTA SAM 454 FM	  index	  (BWT) yes 

ELAND	  [18] Lin FASTQ,	  FASTA SAM Illumina -‐ no 

MAQ	  [19] Lin FASTQ,	  FASTA Maq Illumina Hash	  based yes 

Mosaik	  [20] Lin,	  Mac,	  
Win 

FASTQ,	  FASTA SAM,	  BED,	  
several	  others 

Illumina,	  ABI	  
SOLiD,	  454 

-‐ yes 

mrFAST	  [21] Lin FASTQ,	  FASTA SAM,	  DIVET Illumina Hash	  based yes 

mrsFAST	  [22] Lin FASTQ,	  FASTA SAM,	  DIVET Illumina Hash	  based no 

Novoalign	  [23] Lin,	  Mac FASTQ,	  
(CS)FASTA 

SAM,	  TXT Illumina,	  ABI	  
SOLiD 

-‐ yes 

SOAP2	  [24] Lin FASTQ,	  FASTA SOAP	  (2) Illumina FM	  index	  (BWT) yes 

SOAP3	  [25] Lin FASTQ,	  FASTA SAM Illumina FM	  index	  (BWT) no 

SSAHA2	  [26] Lin,	  Mac FASTA SAM,	  GFF Illumina,	  ABI	  
SOLiD,	  454 

Tree	  index yes 

Stampy	  [27] Lin,	  Mac	  (3) FASTQ,	  FASTA SAM Illumina,	  454 FM	  index	  (BWT) -‐ 

YOABS	  [28] Lin -‐ -‐ Illumina FM	  &	  Tree	  index yes 

Alignment	  



Step	  2:	  Variant	  Calling	  
●  Variant	  Calling	  is	  the	  process	  of	  determining	  a	  

person’s	  genotype	  at	  a	  posiWon.	  
●  Input	  is	  BAM	  /	  SAM	  format,	  output	  VCF	  
●  Many	  opWons	  available	  

o  We	  will	  focus	  on	  GATK’s	  HaplotypeCaller,	  vers	  
3.x	  

o  MulW-‐sample	  calling	  is	  preferable	  
●  Overall	  process:	  

o  For	  each	  sample,	  generate	  a	  GVCF	  using	  the	  
opWon	  “-‐ERC	  GVCF	  -‐variant_index_type	  LINEAR	  -‐
variant_index_parameter	  128000”	  

o  Also,	  use	  vectorized	  calculaWons	  “-‐pairHMM	  
VECTOR_LOGLESS_CACHING”	  



Step	  2:	  Variant	  Merging	  

●  GeneraWng	  the	  GVCFs	  is	  an	  embarrassingly	  
parallel	  problem,	  merging	  creates	  VCFs	  
o  GeneraWng	  GVCF	  takes	  ~	  30	  minutes	  for	  PGX	  

targeted	  exome	  
o  Ensure	  genotype-‐level	  annotaWons	  in	  GVCF	  

●  Use	  GATK’s	  GenotypeGVCFs	  tool	  
o  Time	  increases	  with	  #	  of	  samples	  (approx	  1	  

minute	  /	  sample	  for	  PGX)	  
o  Significant	  memory	  requirements	  (14	  GB	  for	  

3,000	  PGX	  samples)	  
o  Add	  Variant-‐level	  annotaWons	  here	  



Variant	  Calling	  



Variant	  Calling	  



Step	  3:	  FiltraWon	  /	  RecalibraWon	  

●  Raw	  VCFs	  typically	  include	  many	  errors,	  so	  
filtraWon	  is	  essenWal	  

●  For	  whole	  genome/exome,	  use	  GATK’s	  
VariantRecalibrator	  for	  automaWc	  filtering	  

●  For	  targeted	  exome,	  must	  use	  hard	  filters.	  	  
Good	  generic	  candidates	  are:	  
o  “QD”	  (Qual	  by	  Depth)	  for	  variant-‐level	  filters	  
o  “QUAL”	  for	  variant-‐level	  filters	  
o  “GQ”	  (Genomic	  Quality)	  for	  genotype-‐level	  filters	  

●  IMPORTANT:	  If	  using	  hard	  filters,	  make	  sure	  
to	  filter	  individual	  calls!	  



Summary	  +	  Resources	  

●  General	  pipeline	  is	  FASTQ	  -‐>	  BAM	  -‐>	  VCF	  -‐>	  
Filtered	  VCF	  

●  PGX	  Pipeline	  located	  on	  RCC	  at	  ~/group/
projects/eMERGE-‐PGX/scripts	  

●  Other	  Tools	  /	  Resources	  
o  GATK	  Best	  PracWces	  
o  GATK	  Forums	  
o  Picard	  tools	  (SAM/BAM	  processing)	  
o  BWA	  help	  
o  SeqAnswers	  Forum	  







•  Impact	  from	  large	  amounts	  of	  data	  
•  data	  management	  
•  QC	  analysis	  



SoOware	  for	  SNP	  QC	  

hop://pngu.mgh.harvard.edu/~purcell/plink/	  



SoOware	  for	  SNP	  QC	  

hops://ritchielab.psu.edu/plato	  



SoOware	  for	  Sequence	  QC	  

hops://atgu.mgh.harvard.edu/plinkseq/	  



SoOware	  for	  Sequence	  QC	  

hop://vcOools.sourceforge.net/	  



Galaxy	  
•  hop://main.g2.bx.psu.edu/	  





Current	  Analysis	  Strategies	  
•  Single	  variant	  associaWon	  will	  not	  work	  

•  ComputaWonal	  burden	  
•  Underpowered	  to	  capture	  associaWon	  for	  variants	  with	  
low	  (rare)	  allele	  frequencies	  
•  Unable	  to	  explain	  complex	  heritability	  (GxG,	  GxE)	  
•  Type	  1	  error	  inflaWon	  (more	  variants	  to	  test	  without	  
more	  power	  to	  test	  them)	  
•  Inherently	  based	  on	  LD	  which	  is	  very	  low	  in	  rare	  
variants	  
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Current	  Analysis	  Strategies	  

•  The	  most	  prevalent	  methods	  involve	  filtering:	  
•  Analyzing	  pedigrees	  
•  Candidate	  gene	  collapsing	  strategies	  

	  



Current	  Analysis	  Strategies	  
•  Analyzing	  family	  data	  
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Current	  Analysis	  Strategies	  

•  Candidate	  gene	  collapsing	  strategies	  

	  



Collapsing	  methods	  
Authors	   Pub.	  Year	   Test	   Notes	  

Morgenthaler	  
and	  Thilly	  

2007	   Cohort	  Allelic	  
Sums	  Test	  (CAST)	  

• First	  published	  collapsing	  method	  
• No	  covariates	  
• Assumes	  variants	  have	  same	  magnitude	  and	  direcWon	  of	  effect	  
• No	  quanWtaWve	  phenotypes	  
• Can’t	  return	  direcWon	  of	  associaWon	  
• Calculates	  variant	  sums	  in	  cases	  and	  controls-‐applies	  chi-‐square	  
staWsWcs	  

Li	  and	  Leal	   2008	   Combined	  
MulWvariate	  and	  
Collapsing	  
Method	  (CMC)	  

• Can	  combine	  rare	  and	  common	  variants	  
• Can	  incorporate	  covariates	  
• Can	  incorporate	  direcWon	  of	  effect	  
• Uses	  a	  mulWvariated	  staWsWcal	  test	  

Madsen	  and	  
Browning	  

2009	   Weighted	  Sum	  
StaWsWcs	  (WSS)	  

• Weight	  each	  variant	  using	  its	  allele	  frequency	  
• Perform	  ranks	  sum	  test	  between	  cases	  and	  controls	  

Price	  et	  al.	   2010	   Variable	  
Threshold	  
Approach	  (VT)	  

• Variable	  threshold	  approach	  based	  on	  allele	  frequency	  
• Incorporated	  PolyPhen2	  



Collapsing	  methods	  
Authors	   Pub.	  Year	   Test	   Notes	  

Liu	  and	  Leal	   2010	   Kernel	  Based	  AdapWve	  Cluster	  
(KBAC)	  

• Can	  analyze	  whole-‐genome	  data	  
• Test	  gives	  mulW-‐marker	  genotypes	  with	  higher	  sample	  risks	  
higher	  weights	  to	  separate	  causal	  from	  non-‐causla	  mulW-‐
marker	  genotypes	  
• Can	  be	  used	  with	  permutaWon	  (or	  regression)	  
• Advantageous	  in	  the	  presence	  of	  variant	  misclassificaWon	  
and	  gene	  interacWons	  
• Exclusive	  to	  rare	  variants	  

Yandell	  et	  al.	   2011	   Variant	  AnnotaWon,	  Analysis	  
&	  Search	  Tool	  (VAAST)	  

• Incorporates	  allele	  frequency	  and	  amino	  acid	  signficance	  
data	  to	  funcWonal	  predicWon	  of	  variant	  
• Can	  manage	  large	  datasets	  
Calculates	  significance	  between	  case	  and	  control	  rare	  
variant	  vectors	  using	  kernels	  (staWsWcal	  funcWons	  to	  
determine	  the	  weight	  of	  a	  given	  rare	  variant	  genotype)	  

Quintana	  et	  al.	   2011	   Bayesian	  Risk	  Index	  (BRI)	   Choose	  variants	  to	  be	  included	  in	  bin	  using	  Bayesian	  
probability	  instead	  of	  funcWonal	  predicWon	  algorithm	  



Dispersion	  tests	  

hop://www.hsph.harvard.edu/skat/	  



Why	  collapse	  based	  on	  genomic	  
loca*on?	  

Collapse	  based	  on	  biology	  
	  
more	  on	  this	  in	  the	  next	  lecture	  with	  Sarah	  
Pendergrass	  



Which	  method	  should	  you	  use?	  

•  Many	  staWsWcal	  tests	  available	  for	  rare	  
variants	  
– burden	  
– dispersion	  

•  Many	  ways	  to	  consider	  collapsing	  the	  variants	  
•  Perform	  simulaWon	  studies	  similar	  to	  your	  
own	  study	  



SimRare	  

•  Developed	  by	  Biao	  Li	  in	  Leal	  lab	  
•  Simulates	  realisWc	  populaWon	  demographic	  and	  
phenotypic	  models	  

•  Can	  simulate	  and	  evaluate	  associaWon	  methods	  
on	  one	  plaporm	  

•  Uses	  forward-‐Wme	  simulaWon	  
•  Can	  simulate	  case-‐control	  and	  quanWtaWve	  traits	  
•  The	  phenotypic	  effect	  can	  be	  detrimental,	  
protecWve,	  or	  non-‐causal	  



SimRare	  GUI	  



SimRare	  GUI	  



Evalua*ng	  Power	  

•  Challenges	  for	  sequencing	  studies	  
• What	  is	  the	  correct	  model?	  
• What	  are	  the	  allele	  frequencies	  going	  to	  be?	  
•  How	  many	  variants	  should/can	  be	  in	  a	  bin?	  
• What	  is	  the	  expected	  effect	  size?	  
•  Challenge:	  more	  variants	  in	  a	  bin	  vs	  miWgaWng	  true	  
signal	  
•  How	  can	  we	  even	  be	  sure	  about	  the	  direcWon	  of	  effect?	  



Evalua*ng	  Power	  

In	  order	  to	  assess	  power	  for	  BioBin:	  
•  Further	  develop	  the	  method	  
•  Simulate	  sequence	  data	  

–  Consider	  opposing	  direcWons	  of	  effect	  (variants	  with	  neutral	  
effect)	  

–  Various	  geneWc	  models	  (recessive,	  addiWve,	  dominant)	  
–  Simulate	  different	  examples	  of	  testable	  features	  (pathways,	  
genes,	  introns,	  etc)	  

•  Test	  BioBin	  using	  simulated	  data	  to	  evaluate	  power	  



SimRare	  Power	  Analyses	  

OR	   1.5	   2	   2.5	   3.6	   6.3	  

Simulated	  1500bp	  gene,	  only	  nonsynonymous	  variants,	  20%	  noncausal	  



VAAST	  Power	  Analyses	  

Sta*s*cal	  power	  as	  a	  func*on	  of	  number	  of	  target	  genomes	  for	  two	  
common	  disease	  genes.	  

Yandell	  M	  et	  al.	  Genome	  Res.	  2011;21:1529-‐1542	  

Rare	  +	  Common	  Variants	   Only	  Rare	  Variants	  



Summary	  

•  Alignment	  and	  base	  calling	  tools	  are	  
important	  to	  determine	  downstream	  data	  
quality	  

•  Quality	  assessment	  is	  criWcal	  
•  Analysis	  tools	  for	  WES	  and	  WGS	  conWnue	  to	  
be	  developed	  

•  OpWmal	  strategies	  have	  not	  yet	  been	  
determined	  



Questions??? 


