
Next-‐genera*on	  sequencing	  
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NGS 

•  Introduc*on	  to	  the	  background	  
•  NGS	  workflow	  and	  accuracy	  
•  Data	  format	  

•  Assembly	  

•  RNA-‐seq	  
– Aligner	  
– Analysis	  tools	  
– Applica*ons,	  such	  as	  MiRNA	  

•  Chip-‐seq	  
– Applica*ons	  



Work	  flow	  
•  Library	  prepara*on:	  
fragmen*ng,	  end	  
polish,	  liga*on	  of	  
adaptors,	  size	  
selec*on.	  

•  Amplifica*on:	  
emPCR	  and	  solid	  
phase	  amplifica*on.	  

•  Sequencing	  and	  
imaging	  	  

•  Data	  analysis	  	  
	  



1.  fragmen*ng	  the	  
DNA	  (sonica*on,	  
nebuliza*on,	  or	  
shearing)	  

2.  DNA	  repair	  and	  
end	  polishing	  
(blunt	  end,	  
phosphorylated	  
end	  that	  is	  ready	  
for	  liga*on)	  

3.  plaRorm-‐specific	  
adaptor	  liga*on.	  

4.  Size-‐select	  	  



Roche/454	   SOLiD	   Hi-‐Seq	  2000	   Pacific	  Biosci	  RS	  
Amplifica*on	  	   emPCR	  on	  bead	  

surface	  
emPCR	  on	  bead	  
surface	  

Enzyma*c	  
amplifica*on	  on	  
glass	  surface	  

NA	  

Sequencing	   Pyrosequencing,	  
Polymerase-‐
mediated	  
incorpora*on	  of	  
unlabelled	  
nucleo*des	  

Sequencing	  by	  
liga*on,	  
Ligase-‐mediated	  
addi*on	  of	  2-‐base	  
encoded	  
fluorescent	  
oligonucleo*des	  

Cyclic	  reversible	  
termina*on,	  
Polymerase-‐	  
mediated	  
incorpora*on	  of	  
end-‐blocked	  
fluorescent	  
nucleo*des	  

Real	  *me	  
sequencing.	  
Polymerase-‐
mediated	  
incorpora*on	  of	  
terminal	  phosphate	  
labelled	  
fluorescent	  
nucleo*des	  

Detec*on	   Light	  emiVed	  from	  
secondary	  
reac*ons	  ini*ated	  
by	  release	  of	  PPi	  

Fluorescent	  
emission	  from	  
ligated	  dye-‐labelled	  
oligonucleo*des	  

Fluorescent	  
emission	  from	  
incorporated	  dye-‐
labelled	  
nucleo*des	  

Real	  *me	  detec*on	  
of	  fluorescent	  dye	  
in	  polymerase	  
ac*ve	  site	  during	  
incorpora*on	  

Error	  model	   Subs*tu*on	  errors	  
rare,	  inser*on/
dele*on	  errors	  at	  
homopolymers	  

End	  of	  read	  
subs*tu*on	  errors	  

End	  of	  read	  
subs*tu*on	  errors	  

Random	  inser*on/
dele*on	  errors	  

Read	  length	  	   400 bp	   75 bp	   150 bp	   >1,000 bp	  

Mardis,	  Nature	  2011	  



Accuracy	  	  

•  base	  quality	  drops	  along	  read	  
Sanger	  >	  SOLiD	  >	  Illumina	  >	  454	  >	  Helicos	  

•  Issue	  for	  Roche	  454:	  
39%	  of	  errors	  are	  homopolymers	  	  

	  



Work	  flow	  
•  Library	  prepara*on:	  
fragmen*ng,	  end	  
polish,	  liga*on	  of	  
adaptors,	  size	  
selec*on.	  

•  Amplifica*on:	  
emPCR	  and	  solid	  
phase	  amplifica*on.	  

•  Sequencing	  and	  
imaging	  	  

•  Data	  analysis	  	  
	  



NGS 

•  Introduc*on	  to	  the	  background	  
•  NGS	  workflow	  and	  accuracy	  
•  Data	  format,	  quality	  control,	  data	  management	  

•  Assembly	  

•  RNA-‐seq	  
– Aligner	  
– Analysis	  tools	  
– Applica*ons,	  such	  as	  MiRNA	  

•  Chip-‐seq	  
– Applica*ons	  



Data format: fastq	  
•  FASTQ	  format	  was	  originally	  developed	  at	  the	  Wellcome	  

Trust	  Sanger	  Ins*tute,	  and	  used	  for	  Sanger	  Method.	  
•  FASTQ	  is	  a	  text-‐based	  format	  for	  storing	  both	  a	  biological	  

sequence	  in	  a	  plain	  text	  file.	  	  
•  FASTQ	  has	  recently	  become	  the	  de	  facto	  standard	  for	  

storing	  the	  output	  of	  high	  throughput	  sequencing	  
instruments.	  	  

•  FASTQ	  has	  both	  the	  sequence	  and	  an	  associated	  per	  base	  
quality	  score.	  

•  Both	  the	  sequence	  leVer	  and	  quality	  score	  are	  encoded	  
with	  a	  single	  ASCII	  character	  for	  brevity.	  	  

•  The	  FASTQ	  format	  has	  become	  widely	  used	  as	  a	  simple	  
interchange	  file	  format.	  

•  Lacks	  any	  formal	  defini*on	  to	  date,	  and	  exists	  in	  some	  
incompa*ble	  variants.	  



Data format: fastq 

Line	  1:	  	  “@”	  +	  iden*fier	  	  
Line	  2:	  sequence	  	  
Line	  3:	  “+”	  +	  iden*fier	  (op*onal)	  	  
Line	  4:	  phred-‐based	  quality	  scores	  	  
	  

Example	  of	  one	  read	  (Illumina):	  



Data format: fastq	  
•  ‘@’	  *tle	  line.	  This	  is	  a	  free	  format	  field	  with	  no	  length	  
limit,	  and	  allowing	  arbitrary	  annota*on	  or	  comments	  
to	  be	  included.	  	  

•  the	  sequence	  line(s).	  Similar	  in	  the	  FASTA	  format,	  it	  
can	  be	  line	  wrapped.	  No	  explicit	  limita*on	  on	  the	  
characters	  expected.	  White	  space	  such	  as	  tabs	  or	  
spaces	  is	  NOT	  permiVed.	  	  

•  ‘+’	  line.	  Originally	  this	  is	  a	  full	  repeat	  of	  the	  *tle	  line	  
text.	  however,	  by	  common	  usage,	  this	  is	  op*onal	  and	  
the	  ‘+’	  line	  can	  contain	  just	  this	  one	  character,	  
reducing	  the	  file	  size	  significantly.	  	  	  

•  quality	  line(s).	  Like	  the	  seq	  lines,	  it	  can	  be	  wrapped.	  
These	  use	  a	  subset	  of	  the	  ASCII	  printable	  characters	  
to	  represent	  sequence	  quality.	  	  The	  quality	  string	  
must	  be	  equal	  in	  length	  to	  the	  sequence	  string.	  	  



Illumina	  sequence	  iden?fiers	  

@HWUSI-‐EAS100R:6:73:941:1973#0/1	  	  

HWUSI-‐EAS100R	   the	  unique	  instrument	  name	  
6	   flowcell	  lane	  
73	   *le	  number	  within	  the	  flowcell	  lane	  
941	   'x'-‐coordinate	  of	  the	  cluster	  within	  the	  *le	  
1973	   'y'-‐coordinate	  of	  the	  cluster	  within	  the	  *le	  
#0	   index	  number	  for	  a	  mul*plexed	  sample	  (0	  for	  

no	  indexing)	  
/1	   the	  member	  of	  a	  pair,	  /1	  or	  /2	  (paired-‐end	  or	  

mate-‐pair	  reads	  only)	  



NCBI format 

•  Sequence	  read	  achieve	  ID	  
•  holds	  the	  original	  iden*fier	  from	  sequencer	  
•  the	  read	  length	  

@SRR001666.1 071112_SLXA-EAS1_s_7:5:1:817:345 length=36
GGGTGATGGCCGCTGCCGATGGCGTCAAATCCCACC
+SRR001666.1 071112_SLXA-EAS1_s_7:5:1:817:345 length=36
IIIIIIIIIIIIIIIIIIIIIIIIIIIIII9IG9IC



Example (1) 

@FAKE0007	  Original	  version	  has	  lower	  case	  unambiguous	  DNA	  with	  PHRED	  scores	  from	  0	  to	  40	  inclusive	  (in	  that	  order)	  
ACGTACGTACGTACGTACGTACGTACGTACGTACGTACGTA	  
+	  
!"#$%&'()*+,-‐./0123456789:;<=>?@ABCDEFGHI	  
@FAKE0008	  Original	  version	  has	  mixed	  case	  unambiguous	  DNA	  with	  PHRED	  scores	  from	  0	  to	  40	  inclusive	  (in	  that	  order)	  
gTcatAGcgTcatAGcgTcatAGcgTcatAGcgTcatAGcg	  
+	  
!"#$%&'()*+,-‐./0123456789:;<=>?@ABCDEFGHI	  
@FAKE0009	  Original	  version	  has	  lower	  case	  unambiguous	  DNA	  with	  PHRED	  scores	  from	  0	  to	  40	  inclusive	  (in	  that	  order)	  
tcagtcagtcagtcagtcagtcagtcagtcagtcagtcagt	  
+	  
!"#$%&'()*+,-‐./0123456789:;<=>?@ABCDEFGHI	  
@FAKE0010	  Original	  version	  has	  mixed	  case	  ambiguous	  DNA	  and	  PHRED	  scores	  of	  40,	  30,	  20,	  10	  (cycled)	  
gatcrywsmkhbvdnGATCRYWSMKHBVDN	  
+	  
I?5+I?5+I?5+I?5+I?5+I?5+I?5+I?	  

hVp://sysbio.unl.edu/Teaching/BIOS426826_2015/	  



Examples, error format 

@SLXA-B3_649_FC8437_R1_1_1_610_79
GATGTGCAATACCTTTGTAGAGGAA
+SLXA-B3_649_FC8437_R1_1_1_610_79

@SLXA-B3_649_FC8437_R1_1_1_397_389
GGTTTGAGAAAGAGAAATGAGATAA
+SLXA-B3_649_FC8437_R1_1_1_397_389

@SLXA-B3_649_FC8437_R1_1_1_850_123
GAGGGTGTTGATCATGATGATGGC
+SLXA-B3_649_FC8437_R1_1_1_850_123

@SLXA-B3_649_FC8437_R1_1_1_362_549
GGAAACAAAGTTTTTCTCAACATAG
+SLXA-B3_649_FC8437_R1_1_1_362_549

@SLXA-B3_649_FC8437_R1_1_1_183_714
GTATTATTTAATGGCATACACTCAA
+SLXA-B3_649_FC8437_R1_1_1_183_714

@SLXA-B3_649_FC8437_R1_1_1_610_79
GATGTGCAATACCTTTGTAGAGGAA
+SLXA-B3_649_FC8437_R1_1_1_610_79
YYYYYYYYYYYYYYYYYYWYWYYSU
@SLXA-B3_649_FC8437_R1_1_1_397_389
GGTTTGAGAAAGAGAAATGAGATAA
+SLXA-B3_649_FC8437_R1_1_1_397_389
YYYYYYYYYWYYYYWWYYYWYWYWW
@SLXA-B3_649_FC8437_R1_1_1_850_123
GAGGGTGTTGATCATGATGATGGCG
YYYYYYYYYYYYYWYYWYYSYYYSY
@SLXA-B3_649_FC8437_R1_1_1_362_549
GGAAACAAAGTTTTTCTCAACATAG
+SLXA-B3_649_FC8437_R1_1_1_362_549
YYYYYYYYYYYYYYYYYYWWWWYWY
@SLXA-B3_649_FC8437_R1_1_1_183_714
GTATTATTTAATGGCATACACTCAA
+SLXA-B3_649_FC8437_R1_1_1_183_714
YYYYYYYYYYWYYYYWYWWUWWWQQ



phred-based quality scores  
  SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS.....................................................
  ..........................XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX......................
  ...............................IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII......................
  .................................JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ......................
  LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL....................................................
  !"#$%&'()*+,-./0123456789:;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
  |                         |    |        |                              |                     |
 33                        59   64       73                            104                   126
  0........................26...31.......40                                
                           -5....0........9.............................40 
                                 0........9.............................40 
                                    3.....9.............................40 
  0........................26...31........41                               

S - Sanger        Phred+33,  raw reads typically (0, 40)
X - Solexa        Solexa+64, raw reads typically (-5, 40)
I - Illumina 1.3+ Phred+64,  raw reads typically (0, 40)
J - Illumina 1.5+ Phred+64,  raw reads typically (3, 40)
L - Illumina 1.8+ Phred+33,  raw reads typically (0, 41)

Wikipedia	  



ASCII 



Quality scores 	  

ASCII	  range	   offset	  
Quality	  
Score	  	  
(Q)	  

Quality 
type 	  

Sanger	   33-‐126	   33	   0	  to	  93	  
(ASCII-‐33)	   PHRED	  

Solexa\early	  
Illumina	   59-‐126	   64	   -‐5	  to	  62	  

(ASCII-‐64)	   Solexa	  

Illumina	  
1.3+	   64-‐126	   64	   0	  to	  62	  

(ASCII-‐64)	   PHRED	  



Quality Score 
•  A	  quality	  value	  Q	  is	  an	  integer	  mapping	  of	  p	  
(i.e.,	  the	  error	  probability	  that	  the	  
corresponding	  base	  call	  is	  incorrect.	  p	  is	  the	  
small,	  the	  beVer).	  	  

•  Two	  different	  equa*ons	  have	  been	  in	  use:	  
– Phred	  quality	  score	  
	  
– Solexa	  quality	  score	  

p =10
−Q
10

p
1− p

=10
−Q
10

Ewing	  B,	  Green	  P.	  (1998)	  Genome	  Res.	  8(3):186-‐194.	  
	  



Quality Score	  

Rela*onship	  between	  Quality	  scores	  (Q)	  
and	  p	  using	  different	  equa*ons:	  PHRED	  
(red)	  and	  Solexa	  (black).	  	  
The	  ver*cal	  doVed	  line	  indicates	  p	  =	  0.05.	  



Some issues for fastq	  
•  The	  lack	  of	  ownership	  of	  this	  emerging	  
standard	  by	  the	  Sanger	  Ins*tute	  contributed	  
greatly	  to	  later	  confusion,	  such	  as	  the	  phred	  
scores.	  Users	  need	  to	  figure	  out	  which	  version	  
of	  the	  Solexa/Illumina	  pipeline	  was	  used.	  

•  Lacks	  any	  formal	  defini*on	  to	  date,	  and	  exists	  
in	  some	  incompa*ble	  variants.	  

•  The	  ‘@’	  and	  ‘+’	  characters	  have	  dual	  usage	  as	  
line	  markers	  or	  anywhere	  within	  the	  quality	  
string.	  

Cock	  et	  al.	  Nucleic	  Acids	  Res.	  2010;	  38(6):1767-‐71.	  



Some issues for fastq	  
•  The	  ‘@’	  and	  ‘+’	  characters	  have	  dual	  usage	  as	  
line	  markers	  or	  anywhere	  within	  the	  quality	  
string.	  

Cock	  et	  al.	  Nucleic	  Acids	  Res.	  2010;	  38(6):1767-‐71.	  

@FAKE0005 Original version has PHRED scores from 0 to 62 inclusive (in that 
order)
ACGTACGTACGTACGTACGTACGTACGTACGTACGTACGTACGTACGTACGTACGTACGTACG
+
@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
@FAKE0006 Original version has PHRED scores from 62 to 0 inclusive (in that 
order)
GCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCA
+
~}|{zyxwvutsrqponmlkjihgfedcba`_^]\[ZYXWVUTSRQPONMLKJIHGFEDCBA@



Manipulate FASTQ files 
•  fastx_toolkit	  (hVp://hannonlab.cshl.edu/fastx_toolkit/)	  	  
– The	  FASTX-‐Toolkit	  is	  a	  collec*on	  of	  command	  line	  
tools	  for	  Short-‐Reads	  FASTA/FASTQ	  files	  
preprocessing.	  

– “fastq_quality_converter”	  program	  can	  convert	  
Illumina	  to	  Sanger	  

•  MAQ	  (http://maq.sourceforge.net)	  	  
– stands	  for	  Mapping	  and	  Assembly	  with	  Quality	  It	  
builds	  assembly	  by	  mapping	  short	  reads	  to	  reference	  
sequences.	  

– can	  convert	  from	  Solexa	  to	  Sanger	  	  	  



SFF	  file	  format	  for	  454	  	  

•  Standard	  flowgram	  format	  (SFF)	  is	  a	  binary	  
file	  format	  used	  to	  encode	  results	  from	  the	  
454	  plat	  form.	  	  

•  Need	  special	  tool	  to	  display.	  
•  Can	  be	  converted	  to	  FASTQ	  format	  	  
– sff2fastq	  (hVps://github.com/indraniel/sff2fastq)	  	  
– sff_extract	  (hVp://bioinf.comav.upv.es/
sff_extract/)	  



Sequence quality control  

•  Is	  this	  good	  sequence?	  (essen*al!)	  
•  Different	  plaRorms	  can	  introduce	  varied	  level	  

of	  sequence	  reads	  error.	  
•  There	  can	  be	  significant	  lab-‐to-‐lab,	  batch-‐to-‐

batch	  and	  even	  within	  chip/slide	  varia*ons.	  	  
•  Errors	  significantly	  effect	  the	  quality	  of	  

downstream	  analysis.	  

•  FastQC	  tool	  	  (hVp://www.bioinforma*cs.bbsrc.ac.uk/projects/fastqc/)	  



Sequence	  quality	  control	  	  
per	  base	  per	  sequence	  quality	  	  
(for	  one	  read	  only)	  Good	  	   Bad	  

Posi*on	  in	  a	  read	  (bp)	   Posi*on	  in	  a	  read	  (bp)	  

Q	  

Very	  high	  score,	  indica*ng	  
low	  error	  possibility.	  	  	  

Very	  low	  score,	  indica*ng	  
high	  error	  possibility.	  	  	  



Sequence	  quality	  control	  	  
per	  base	  average	  sequence	  content	  

Good	  	   Bad	  

Posi*on	  in	  read	  (bp)	   Posi*on	  in	  read	  (bp)	  

Av
er
ag
e	  
Q
	  

•  Low	  average	  Q	  scores.	  	  
•  large	  fluctua*ons.	  
•  Overall,	  reads	  have	  low	  quality.	  

8er09j3*j(f09diD4^2
{fj0kf9k4;w44{d3@83
C9!&;8r:4#0djr)3.{|

R1	  
R2	  
R3	  
	  



Sequence	  quality	  control	  	  

Good	  	   Bad	  

Q	  (Phred	  Score)	   Q	  (Phred	  Score)	  

N
um

be
r	  o

f	  	  
nt
	  

Distribu*on	  of	  phred	  scores	  in	  all	  
posi*ons	  of	  all	  reads	  

Most	  bas	  calls	  have	  high	  quality	  scores	  
•  Quality	  scores	  have	  a	  wide	  range	  
•  Many	  base	  calls	  have	  low	  scores	  
•  Overall,	  reads	  have	  low	  quality	  



Sequence	  quality	  control	  	  
Per	  sequence	  GC	  content	  

Good	  	   Bad	  

Distribu*on	  of	  GC	  contents	  over	  all	  reads	  

Mean	  GC	  content	  per	  read	  (%)	   Mean	  GC	  content	  per	  read	  (%)	  



Sequence	  quality	  control	  	  

Low	  correla*on	  indicates	  low	  quality.	  

A

C

F G

D E

B



Example	  of	  QC	  result	  

•  hVp://sysbio.unl.edu/Teaching/BIOS426826_2015/	  



Get high Quality reads 

•  remove	  reads	  from	  problema*c	  *les	  that	  may	  
not	  be	  reliable	  due	  to	  sequencing	  chip	  quality	  

•  remove	  reads	  with	  low	  quality,	  such	  as	  mean	  Q	  
score	  <	  20	  for	  illumina	  RNA-‐seq.	  

•  remove	  low	  quality	  bases	  at	  two	  ends	  of	  the	  
reads	  un*l	  the	  quality	  score	  reaches	  a	  given	  
threshold,	  such	  as	  mean	  Q	  score	  =	  20.	  	  

•  remove	  short	  reads.	  	  	  



Tools for getting high quality reads 

•  Trimmoma*c	  (hVp://www.usadellab.org/cms/?page=trimmoma*c)	  
•  NGSQC:	  Cross-‐PlaRorm	  Quality	  Analysis	  Pipeline	  for	  Deep	  Sequencing	  Data.	  

•  hVp://brainarray.mbni.med.umich.edu/brainarray/ngsqc/	  
•  HTQC:	  a	  fast	  quality	  control	  toolkit	  for	  Illumina	  sequencing	  data	  

•  hVps://sourceforge.net/projects/htqc	  



Trimmoma*c	  
•  java	  -‐jar	  trimmoma*c-‐0.30.jar	  SE	  -‐phred33	  input.fq.gz	  
output.fq.gz	  ILLUMINACLIP:TruSeq3-‐SE:2:30:10	  
LEADING:3	  TRAILING:3	  SLIDINGWINDOW:4:15	  
MINLEN:36	  
–  Remove	  adapters	  (ILLUMINACLIP:TruSeq3-‐PE.fa:2:30:10)	  
–  Remove	  leading	  low	  quality	  or	  N	  bases	  (below	  quality	  3)	  
(LEADING:3)	  

–  Remove	  trailing	  low	  quality	  or	  N	  bases	  (below	  quality	  3)	  
(TRAILING:3)	  

–  Scan	  the	  read	  with	  a	  4-‐base	  wide	  sliding	  window,	  cu�ng	  
when	  the	  average	  quality	  per	  base	  drops	  below	  15	  
(SLIDINGWINDOW:4:15)	  

–  Drop	  reads	  below	  the	  36	  bases	  long	  (MINLEN:36)	  



Trimmoma*c	  

adapter	  

Too	  short	  
Then	  discard	  	  

LEADING	   TRAILING	  



Data Management 
•  Raw	  data	  are	  large	  
–  5Gb	  to	  20Gb	  per	  lane.	  
– Do	  not	  try	  to	  open	  it	  with	  Windows	  notepad.	  
–  Convert	  fastq	  file	  to	  Processed	  data	  (e.g.,	  BAM	  files)	  
are	  manageable.	  

•  Whole-‐genome	  sequencing:	  	  
– A	  30X	  coverage	  genome	  pair	  (tumor/normal):	  ~500GB	  	  
–  50	  genome	  pairs:	  ~25TB	  	  

•  We	  need	  high-‐performance,	  replicated	  storage	  	  
–  ~$700/TB;	  but	  non-‐redundant	  storage:	  $200/TB	  
–  to	  be	  kept	  for	  >	  36	  months?	  	  
	  



Transfer data 
•  FASTQ	  files	  will	  be	  compressed	  with	  gzip	  prior	  to	  
delivery.	  

•  It	  is	  difficult	  to	  download	  data	  via	  hVp	  or	  �p	  (15Mb/s,	  
about	  1	  terabyte	  per	  day).	  	  

•  A	  commercial	  so�ware/protocol	  is	  become	  popular	  	  
–  Aspera	  “next-‐genera*on	  file	  transport”	  
–  transfer	  protocol	  that	  leverages	  exis*ng	  WAN	  
infrastructure	  and	  commodity	  hardware	  to	  achieve	  speeds	  
that	  are	  up	  to	  hundreds	  of	  *mes	  faster	  than	  FTP	  and	  HTTP.	  

–  This	  can	  give	  400-‐800Mb/s.	  It	  takes	  30	  seconds	  to	  move	  a	  
24-‐GB	  data	  file.	  

–  1000	  Genomes	  Project,	  BGI	  etc.	  applied	  this	  method	  for	  
their	  data	  transport.	  

	  Nature	  	  	  	  	  498,	  	  	  	  255–260	  	  	  (2013)	  



Applica*ons	  
iden?fy	  sequence	  varia?ons	  

Iden?fy	  Pathogens	  

Kahvejian	  et	  al,	  2008	  

ChIP-‐seq	  

RNA-‐seq	  

DNA-‐seq	  



NGS 

•  Introduc*on	  to	  the	  background	  
•  NGS	  workflow	  and	  accuracy	  
•  Data	  format,	  quality	  control,	  data	  management	  

•  Assembly	  

•  RNA-‐seq	  
– Aligner	  
– Analysis	  tools	  
– Applica*ons,	  such	  as	  MiRNA	  

•  Chip-‐seq	  
– Applica*ons	  


