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Subject	  /	  to-‐whom-‐may-‐it-‐concern:	  	  

…	  scien)sts	  working	  with	  single-‐nucleo)de	  
variants	  (SNVs),	  inferred	  by	  next-‐genera)on	  
sequencing	  sokware,	  oken	  need	  further	  

informa)on	  regarding	  true	  variants,	  ar-facts	  
and	  sequence	  coverage	  gaps.	  In	  clinical	  
diagnos)cs,	  e.g.	  SNVs	  must	  usually	  be	  
validated	  by	  visual	  inspec)on	  or	  several	  

independent	  SNV-‐callers	  …	  
Up	  to	  (!)	  0.5–60%	  of	  relevant	  SNVs	  might	  not	  be	  

detected	  due	  to	  coverage	  gaps,	  or	  might	  be	  
misiden)fied!	  

.	  



pibase	  
Acronym	  for:	  	  

get	  Posi)on	  Informa)on	  at	  BASE	  
posi)on	  of	  interest.	  	  



Pinalls	  of	  NGS	  in	  applied	  research	  …	  
Unfortunately,	  there	  are	  several	  challenges	  when	  faithfully	  
applying	  the	  varia)on–discovery	  approaches	  to	  other	  
uses,	  such	  as	  clinical	  diagnos)cs,	  forensics	  and	  targeted-‐
sequencing-‐based	  phylogene)c	  analyses.	  

•  	  To	  begin	  with,	  the	  filtered	  SNV-‐lists	  generated	  by	  these	  
approaches	  do	  not	  include	  low-‐confidence	  genotypes,	  
e.g.	  where	  both-‐stranded	  valida)on	  is	  missing,	  and	  the	  
unwary	  data	  recipient	  may	  interpret	  missing	  informa-on	  
as	  a	  reference	  sequence	  genotype.	  Also,	  the	  default	  filters	  
some)mes	  eliminate	  obvious	  genotypes.	  	  

•  The	  second	  problem	  is	  that	  available	  variant-‐calling	  tools	  
usually	  do	  not	  list	  sequencing	  failures,	  where	  there	  is	  low	  
coverage	  or	  no	  coverage	  at	  all,	  and	  the	  unwary	  data	  
recipient	  may	  again	  interpret	  this	  omission	  as	  a	  reference	  
sequence	  genotype.	  



Pinalls	  of	  NGS	  in	  applied	  research	  …	  
•  A	  third	  problem	  is	  that	  SNV-‐lists	  usually	  include	  
incorrectly	  iden-fied	  heterozygotes	  (prompted	  by	  
an	  occasional	  sequencing	  error,	  misalignment	  or	  
contaminant	  sequence)	  where	  the	  pre-‐set	  quality	  
filter	  for	  machine	  output	  or	  read-‐alignment	  is	  
inappropriate.	  	  

•  The	  fourth	  problem	  occurs	  when	  the	  user	  employs	  
several	  different	  SNV-‐callers	  to	  perform	  a	  basic	  
valida-on	  of	  the	  SNV-‐lists	  by	  intersec-ng	  the	  
individual	  SNV-‐lists	  to	  separate	  cross-‐validated	  
SNVs	  from	  less	  validated	  ones.	  Because	  each	  of	  
these	  individual	  tools	  is	  prone	  to	  filtering	  away	  
valid	  SNVs,	  the	  intersected	  consensus	  genotypes	  
will	  exclude	  even	  more	  valid	  SNVs.	  



Pinalls	  of	  NGS	  in	  applied	  research	  …	  
•  When	  performing	  comparisons	  between	  healthy	  
and	  affected	  cells/individuals,	  a	  fikh	  problem	  
surfaces,	  as	  each	  of	  the	  first	  four	  problems	  will	  
lead	  to	  false	  differences	  in	  the	  compara)ve	  
analyses.	  In	  other	  words,	  for	  such	  comparisons,	  it	  
may	  not	  be	  advisable	  to	  rely	  on	  derived	  SNV-‐
lists.	  

•  The	  sixth	  and	  most	  important	  problem:	  a	  
specific	  challenge	  in	  cell	  or	  proband	  comparisons	  
is	  to	  detect	  significant	  changes	  of	  allelic	  balance	  
in	  heterozygous	  SNVs,	  e.g.	  in	  heterogeneous	  
tumor	  samples	  or	  in	  the	  case	  of	  copy	  number	  
varia)on	  loci.	  



…	  and	  the	  unnecessary	  costs:	  

•  …,	  if	  there	  is	  a	  communica-on	  bo\leneck	  
between	  NGS	  bioinforma-cians	  (data	  
producers)	  and	  other	  scien-sts/clinicians	  
(data	  users),	  this	  may	  result	  in	  unnecessary	  
analysis	  reruns	  with	  new	  work	  flows	  or	  
filtering	  parameters,	  specifically	  when	  new	  
people	  or	  new	  NGS	  experiments	  are	  involved.	  



Figure.	  Prevailing	  varia.on	  calling	  and	  phenotype-‐genotype	  correla.on	  approach.	  

The	  next	  steps	  in	  data	  processing	  may:	  

• Include	  an	  overlap	  	  (varia-ons	  called	  in	  all	  or	  at	  least	  two	  or	  more	  
analysis	  runs/samples)	  
• Soon	  a	  hidden	  assump-on	  of	  “NO	  CALL”	  =	  “REFERENCE”	  sequence	  slips	  
in!	  



Figure.	  Accuracy	  improved	  varia.on	  valida.on	  and	  comparison	  approach.	  

0

For	  the	  next	  steps	  in	  data	  processing:	  

• 	  Include	  the	  union	  of	  the	  varia-on	  lists	  from	  the	  ini-al	  analysis	  runs.	  
• 	  Run	  pibase	  on	  the	  selected	  lists	  to	  create	  tables	  annota-ng	  each	  
posi-on	  in	  the	  list	  with	  the	  informa-on	  on	  the	  confidence	  of	  the	  call.	  



pibase 	  	  
Acronym	  for:	  get	  Posi-on	  Informa-on	  at	  BASE	  posi-on	  of	  interest.

•  Interoperability:	  
•  pibase	  reads	  genomic	  coordinates	  of	  interest	  from	  a	  VCF*,	  

samtools	  pileup,	  SOLiD	  Bioscope	  gff3,	  or	  a	  tab-‐separated	  file.	  	  
•  Pibase	  extracts	  data	  at	  the	  coordinates	  of	  interest	  from	  an	  

indexed	  FASTA	  reference	  and	  from	  a	  BAM-‐file**	  generated	  
by	  BFAST,	  BWA,	  SSAHA2,	  samtools,	  SOAP	  (aker	  conversion	  
using	  soap2sam.pl),	  and	  SOLiD	  Bioscope.	  To	  extract	  the	  most	  
complete	  informa)on	  (including	  homologous	  region	  
informa)on	  and	  low-‐coverage	  genotypes),	  please	  use	  the	  raw	  
unfiltered	  BAM-‐file	  (which	  includes	  non-‐uniquely	  mapped	  
reads	  and	  duplicate	  reads).	  	  

•  pibase	  outputs	  tab-‐separated	  text	  files	  which	  can	  then	  be	  
used	  in	  popular	  spreadsheet	  so;ware,	  or	  filtered	  from	  the	  
linux	  command	  line	  using	  grep,	  awk,	  and	  cut.	  pibase	  can	  also	  
output	  variants	  into	  VCF,	  rdf,	  and	  snpActs	  formats.	  



piBASE	  pre-‐requisites	  /	  system	  requirements:	  
•  Linux	  opera)ng	  system	  (the	  authors	  use	  CentOS	  5.5	  /	  linux	  

2.6.18-‐194.32.1.el5	  	  	  on	  a	  linux	  cluster	  and	  Ubuntu	  8,	  9,	  or	  
10	  on	  our	  PCs.)	  

•  python	  v2.4.3	  or	  v2.6.5	  or	  v2.7.2	  (v2.7	  recommended	  for	  
speed!!)	  hRp://www.python.org/download/	  

•  pysam	  v0.6	  	  
hRp://code.google.com/p/pysam/downloads/list	  

•  GNU	  Fortran	  (installable	  using	  the	  Synap)cs	  package	  
manager	  under	  Ubuntu	  PCs)	  	  
hRp://gcc.gnu.org/wiki/GFortran	  

•  	  1GB	  of	  RAM	  (2GB	  for	  pibase_fisherdiff)	  
•  Bash	  command	  line,	  or	  a	  linux	  cluster	  job	  scheduler	  such	  as	  

PBS.	  



Pibase	  workflow:	  

•  pibase_bamref	  :	  extract	  posi)on	  info	  from	  BAM	  file	  and	  
reference	  sequence	  file.	  	  

•  pibase_consensus	  over	  single	  run:	  infer	  mul)-‐filter-‐level	  
genotypes	  from	  a	  single	  pibase_bamref-‐file	  and	  classify	  the	  
genotypes	  into	  stable	  or	  dubious	  genotypes	  (BestQual	  flag).	  	  

•  pibase_consensus	  over	  mul-ple	  runs:	  infer	  mul)-‐filter-‐
level	  ''consensus''	  genotypes	  from	  pibase_bamref-‐files	  from	  
mul)ple	  runs	  and	  classify	  the	  genotypes	  into	  stable	  or	  
dubious	  genotypes	  (BestQual	  flag).	  	  

•  [Op-onal:	  pibase_fisherdiff	  :	  compare	  two	  samples	  by	  
unique	  start	  point	  counts	  (Fisher's	  exact	  test	  2x4),	  using	  the	  
pibase_consensus-‐files]	  



Flow chart showing the 
standard NGS sequencing and 
bioinformatic analysis (gray). 
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hRp://nar.oxfordjournals.org/content/41/1/e16/suppl/DC1	  

Worksheet





Run	  -mes:	  

Each	  sample	  was	  analyzed	  for	  19	  600	  HapMap	  
SNPs	  on	  human	  chr22	  on	  a	  linux	  cluster,	  
requiring	  only	  a	  single	  CPU	  per	  run:	  

•  4–10	  min	  per	  sample	  using	  pibase,	  
•  	  17–55	  min	  per	  sample	  using	  SAMtools	  and	  	  
•  about	  5	  h	  per	  sample	  using	  GATK.	  

NB!	  The	  intended	  use	  of	  pibase	  is	  to	  extract	  in-‐depth	  informa5on	  at	  selected	  
coordinates	  of	  interest	  (e.g.	  at	  coordinates	  from	  the	  Na5onal	  Center	  for	  Biotechnology	  
Informa5on	  database	  of	  SNPs	  (dbSNP),	  HapMap	  coordinates	  or	  SNV-‐call	  coordinates),	  
rather	  than	  to	  scan	  the	  en5re	  chromosome	  for	  poten5al	  non-‐reference	  genotypes.	  







Op)onal	  complementary	  workflows	  &	  
u)li)es:	  

The	  ‘phylogene-cs	  workflow’	  provides	  a	  link	  from	  
NGS	  data	  to	  median	  joining	  network	  analysis.	  Can	  
also	  be	  used	  to:	  

•  compute	  the	  evolu)onary	  network	  of	  
heterogeneous	  tumor	  cells	  within	  a	  single	  pa)ent	  	  

•  compute	  SNV	  differences	  in	  iden)cal	  twins	  
•  phylogene)c	  screening	  for	  sample	  confusion	  

Limited	  ‘annota-on	  workflow’	  



Median joining network showing the differences between the five examples of BAM files of 
the CEU trio.  

Forster M et al. Nucl. Acids Res. 2013;41:e16-e16 
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In	  summary,	  
pibase	  addresses	  major	  problems	  pertaining	  
to	  the	  quality	  control,	  valida)on	  and	  
accurate	  comparison	  of	  NGS	  variant	  data,	  
which	  are	  a	  boRleneck	  in	  currently	  emerging	  
transla)onal	  uses	  of	  NGS.	  

	  Furthermore,	  the	  pibase	  data	  tables	  
facilitate	  the	  prac)cal	  use	  of	  NGS	  data	  by	  
non-‐bioinforma)cians	  such	  as	  
archaeogene)cists,	  biologists,	  clinicians	  and	  
forensic	  scien)sts.	  


