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RNA	  Seq	  analysis	  



Courses	  OrganisaZon	  

Wednesday	  
•  IntroducZon	  

–  Transcriptome	  definiZons	  and	  
variability	  

–  RNAseq	  vs	  Micro-‐array	  
–  How	  deep	  is	  enough	  
–  Library	  construcZon	  bias	  
–  Sequencing	  terminology	  

•  Data	  cleaning	  

•  RNAseq	  analysis	  
–  Assembly	  algorithm	  

–  RNASeq	  assembly	  

•  De	  novo	  assembly	  TP	  	  
•  Reference	  assembly	  TP	  	  
	  
	  
	  
	  
Thursday	  
•  Expression	  analysis	  
•  Transcriptome	  
annotaZon	  

	  



TRANSCRIPTOME	  DEFINITIONS	  AND	  
VARIABILITY	  

IntroducZon	  



Gene	  expression	  
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Molecular biology dogma 

This dogma has been described as “DNA makes RNA makes 
protein” 

http://en.wikipedia.org/wiki/Central_dogma_of_molecular_biology 



Defini?on	  :	  
TranscripZon	  is	  the	  process	  of	  creaZng	  a	  complementary	  RNA	  copy	  of	  a	  sequence	  
of	  DNA.	  TranscripZon	  is	  the	  first	  step	  leading	  to	  gene	  expression.	  

Transcrip?on	  product	  	  
Protein	  coding	  gene:	  transcribed	  in	  mRNA	  
ncRNA	  :	  highly	  abundant	  and	  funcZonally	  	  important	  RNA	  (up	  95%)	  	  
•	  tRNA,	  
•	  rRNA,	  
•	  Regulatory	  RNA	  

•  snoRNAs	  (rRNA	  maturaZon)	  	  
•  microRNAs	  (post-‐transcripZonal	  regulators)	  
•  siRNAs	  (mRNA	  degradaZon)	  	  
•  piRNAs	  (block	  the	  acZvity	  of	  the	  mobile	  elements)	  	  
•  LincRNA	  (regulators	  of	  diverse	  cellular	  processes)	  
•  VlincRNA...	  

TranscripZon	  



Encyclopædia	  of	  genes	  and	  gene	  variants	  

The	  GENCODE	  Project:	  
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GENCODE statistics
Non	  proteins-‐coding	  transcripts	  
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GENCODE gene statisticsNon	  -‐	  coding	  genes	  



Biological	  elements	  which	  tend	  to	  blur	  the	  signal	  
–	  Repeats	  
–	  Gene	  families	  
–	  Pseudogenes	  
–	  AlternaZve	  splicing	  
–	  Intron	  retenZon	  
–	  (Cis-‐)natural	  anZ-‐sens	  transcript	  	  
–	  Fusion	  genes	  
	  

Elements	  removing	  or	  masking	  the	  signal	  
–	  Transcript	  decay	  
–	  Sequencing	  protocol	  biases	  	  
–	  Sequencing	  depth	  
	  

Other	  elements	  :	  
–	  PolyAtails	  
–	  Adapters	  
–	  ContaminaZon	  

Sources	  of	  variability	  



AlternaZve	  Splicing	  and	  circular	  mrna	  	  

«	  In	  humans,	  for	  example,	  there	  is	  evidence	  for	  
alternaZve	  splicing	  of	  more	  than	  95%	  of	  genes	  
[1],	  with	  an	  average	  of	  more	  than	  five	  isoforms	  
per	  gene.	  
Somewhat	  surprisingly,	  alternaZvely	  spliced	  
isoforms	  from	  a	  single	  gene	  can	  also	  have	  very	  
different,	  even	  antagonisZc,	  funcZons	  [2]	  »	  

[1]	  	  Pan	  et	  al.	  (2008)	  Deep	  surveying	  of	  alternaZve	  splicing	  complexity	  in	  the	  
human	  transcriptome	  by	  high-‐throughput	  sequencing.	  Nature	  GeneZcs	  40:	  
1413-‐1415.	  
	  
[2]	  	  Boise	  et	  al.	  (1993)	  Bcl-‐x,	  a	  bcl-‐2-‐related	  gene	  that	  funcZons	  as	  a	  
dominant	  regulator	  of	  apoptoZc	  cell	  death.	  Cell	  74:	  597-‐608.	  



Salzman,	  J.	  et	  al.	  (2012).	  Circular	  RNAs	  Are	  the	  Predominant	  Transcript	  Isoform	  from	  Hundreds	  of	  Human	  Genes	  in	  Diverse	  Cell	  Types	  PLoS	  ONE,	  7	  (2)	  
DOI:	  10.1371/journal.pone.0030733	  
Hoffmann,	  S.,	  O^o,	  C.,	  Doose,	  G.,	  Tanzer,	  A.,	  Langenberger,	  D.,	  Christ,	  S.,	  et	  al.	  (2014).	  A	  mulZ-‐split	  mapping	  algorithm	  for	  circular	  RNA,	  splicing,	  
trans-‐splicing	  and	  fusion	  detecZon.	  Genome	  Biology,	  15(2),	  R34.	  	  
Jeck,	  W.	  R.,	  SorrenZno,	  J.	  A.,	  Wang,	  K.,	  Slevin,	  M.	  K.,	  Burd,	  C.	  E.,	  Liu,	  J.,	  et	  al.	  (2013).	  Circular	  RNAs	  are	  abundant,	  conserved,	  and	  associated	  with	  ALU	  
repeats.	  RNA	  19:	  141-‐157.	  
Nitsche,	  A.,	  Doose,	  G.,	  Tafer,	  H.,	  Robinson,	  M.,	  Saha,	  N.	  R.,	  Gerdol,	  M.,	  et	  al.	  (2013).	  Atypical	  RNAs	  in	  the	  coelacanth	  transcriptome.	  Journal	  of	  
Experimental	  Zoology.	  Part	  B,	  Molecular	  and	  Developmental	  EvoluZon.	  

Circular	  mrna	  	  



Natural	  anZ-‐sense	  transcripts	  (NATs)	  are	  a	  group	  of	  RNAs	  encoded	  within	  a	  cell	  that	  
have	  transcript	  complementarity	  to	  other	  RNA	  transcripts.	  

h^p://en.wikipedia.org/wiki/Cis-‐natural_anZsense_transcript	  
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Cis-natural antisense transcript  

• Natural anti-sense transcripts (NATs) are a group of RNAs 

encoded within a cell that have transcript complementarity to other 

RNA transcripts. 

http://en.wikipedia.org/wiki/Cis-natural_antisense_transcript 

Natural	  anZ-‐sense	  transcripts	  	  



A	  fusion	  gene	  is	  a	  hybrid	  gene	  formed	  from	  two	  previously	  separate	  genes.	  It	  can	  
occur	  as	  the	  result	  of	  a	  translocaZon,	  intersZZal	  deleZon,	  or	  chromosomal	  
inversion.	  Oten,	  fusion	  genes	  are	  oncogenes.	  
	  
They	  oten	  come	  from	  trans-‐splicing	  :	  Trans-‐splicing	  is	  a	  special	  form	  of	  RNA	  
processing	  in	  eukaryotes	  where	  exons	  from	  two	  different	  primary	  RNA	  transcripts	  
are	  joined	  end	  to	  end	  and	  ligated.	  

21

Fusion genes  

• A fusion gene is a hybrid gene formed from two previously 

separate genes. It can occur as the result of a translocation, 

interstitial deletion, or chromosomal inversion. Often, fusion genes 

are oncogenes. 

• They often come from trans-splicing : Trans-splicing is a special 

form of RNA processing in eukaryotes where exons from two 

different primary RNA transcripts are joined end to end and 

ligated. 

http://en.wikipedia.org/wiki/Fusion_gene

 
http://en.wikipedia.org/wiki/Trans-splicing

 

DisZnguishing	  gene	  fusions	  from	  noise	  in	  RNA-‐Seq	  data	  is	  extremely	  difficult	  :	  
	  Panagopoulos	  I,	  Thorsen	  J,	  Gorunova	  L,	  Micci	  F,	  Heim	  S.	  (2014)	  Sequen?al	  combina?on	  of	  karyotyping	  and	  RNA-‐
sequencing	  in	  the	  search	  for	  cancer-‐specific	  fusion	  genes.	  Int	  J	  Biochem	  Cell	  Biol.	  

Fusion	  gene	  	  
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Transcript decay 

After export to the cytoplasm, mRNA is protected from 
degradation by a 5’ cap structure and a 3’ poly adenine tail. 
In the deadenylation dependent mRNA decay pathway, the 
polyA tail is gradually shortened by exonucleases. This 
ultimately attracts the degradation machinery that rapidly 
degrades the mRNA in both in the 5’ to 3’ direction and in 
the 3’ to 5’ direction. 

 

http://www.eb.tuebingen.mpg.de/research/research-groups/remco-sprangers/mrna-degradation.html 

Ater	  export	  to	  the	  cytoplasm,	  mRNA	  is	  protected	  from	  degradaZon	  by	  a	  5’	  cap	  
structure	  and	  a	  3’	  poly	  adenine	  tail.	  	  
In	  the	  deadenylaZon	  dependent	  mRNA	  decay	  pathway,	  the	  polyA	  tail	  is	  gradually	  
shortened	  by	  exonucleases.	  This	  ulZmately	  a^racts	  the	  degradaZon	  machinery	  that	  
rapidly	  degrades	  the	  mRNA	  in	  both	  in	  the	  5’	  to	  3’	  direcZon	  and	  in	  the	  3’	  to	  5’	  direcZon.	  

h^p://www.eb.tuebingen.mpg.de/research/research-‐groups/remco-‐sprangers/mrna-‐degradaZon.html	  

Transcript	  decay	  



RNASEQ	  ANALYSIS	  	  
IntroducZon	  



Figure	  from	  Wang	  et.	  al,	  RNA-‐Seq:	  a	  revolu?onary	  tool	  for	  transcriptomics,	  Nat.	  Rev.	  GeneZcs	  10,	  57-‐63,	  2009.	  

Next	  generaZon	  sequencing	  (NGS)	  

Sample	  preparaZon	  

Data	  analysis	  

Methodology:	  
–	  RNA	  is	  isolated	  from	  cells,	  
–	  Fragmented	  at	  random	  posiZons,	  
–	  Copied	  into	  complementary	  DNA,	  
–	  SelecZon	  of	  fragments	  with	  a	  certain	  
size	  range,	  
–	  AmplificaZon	  using	  PCR,	  
–	  Sequencing,	  
–	  Reads	  are	  aligned	  to	  a	  reference	  
genome	  or	  de	  novo	  assembled,	  
–	  The	  number	  of	  sequencing	  reads	  
mapped	  to	  each	  gene	  in	  the	  reference	  is	  
tabulated.	  

How	  RNA-‐seq	  works	  



How RNA-seq works 

Figure	  from	  Wang	  et.	  al,	  RNA-‐Seq:	  a	  revolu?onary	  
tool	  for	  transcriptomics,	  Nat.	  Rev.	  GeneZcs	  10,	  57-‐63,	  

2009).	  

Next	  generaZon	  sequencing	  (NGS)	  

Sample	  preparaZon	  

Data	  analysis	  



WGS	  Sequencing	  

Assemble	  

Drat	  Genome	  Scaffolds	  

SNPs	  

MethylaZon	  

Proteins	  
Tx-‐factor	  

binding	  sites	  

A	  Paradigm	  for	  Genomic	  Research	  



A	  Paradigm	  for	  Genomic	  Research	  

WGS	  Sequencing	  

Assemble	  

Drat	  Genome	  Scaffolds	  

Expression	  

Transcripts	  

SNPs	  

MethylaZon	  

Proteins	  
Tx-‐factor	  

binding	  sites	  

Align	  



A	  Maturing	  Paradigm	  for	  Transcriptome	  Research	  

WGS	  Sequencing	  

Assemble	  

Drat	  Genome	  Scaffolds	  

MethylaZon	  

Tx-‐factor	  
binding	  sites	  

Align	  
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A	  Maturing	  Paradigm	  for	  Transcriptome	  Research	  
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mRNA-‐Seq	  Technology	  ApplicaZons	  (1)	  

Differen?al	  gene	  expression	  analysis	  
– Healthy	  vs.	  Diseased	  
– Time	  course	  experiments	  
– Different	  genotypes	  

	  Transcrip?onal	  profiling	  	  
– Tissue-‐specific	  expression	  

Novel	  gene	  iden?fica?on	  
– Transcriptome	  assembly	  



mRNA-‐Seq	  Technology	  ApplicaZons	  (2)	  

Iden?fica?on	  of	  splice	  variants	  :	  	  
–  analysis	  of	  exon	  borders,	  	  
–  pa^erns	  of	  alternaZve	  splicing	  and	  the	  study	  of	  
protein	  isoforms.	  

SNP	  finding	  
	  
RNA	  edi?ng	  
	  
Discovery	  of	  "small"	  RNA	  ("small	  RNAs"	  snRNA,	  
snoRNA,	  siRNA,	  miRNA,	  piRNA	  ("Piwi-‐interacZng	  
RNAs"),	  ...)	  of	  small	  size	  (20-‐30	  nucleoZdes)	  and	  
predicZon	  of	  their	  secondary	  structures	  



The	  evoluZon	  of	  transcriptomics	  

1995	  P.	  Brown,	  et.	  al.	  	  
Gene	  expression	  profiling	  
using	  spo^ed	  cDNA	  
microarray:	  expression	  levels	  
of	  known	  genes	  

2002	  Affymetrix,	  whole	  
genome	  expression	  profiling	  
using	  Zling	  array:	  idenZfying	  
and	  profiling	  novel	  genes	  and	  
splicing	  variants	  

2008	  many	  groups,	  mRNA-‐seq:	  
direct	  sequencing	  of	  mRNAs	  
using	  next	  generaZon	  
sequencing	  techniques	  (NGS)	  

RNA-‐seq	  is	  sZll	  a	  technology	  
under	  acZve	  development	  

HybridizaZon-‐based	  



RNAseq	  vs	  microarray	  



RNAseq	  vs	  microarray	  

• Microarrays	  always	  have	  a	  fixed	  number	  of	  
fluorescent	  probes	  and	  therefore	  have	  a	  
constant	  amount	  of	  data	  per	  run	  (probe	  can	  
saturate	  or	  fall	  to	  background	  level,	  however)	  	  

•  RNA	  seq	  :	  Digital	  data	  in	  the	  form	  of	  aligned	  
read-‐counts	  but	  the	  total	  amount	  of	  sequence	  
can	  vary	  significantly	  both	  between	  runs	  and	  
between	  genes	  within	  a	  given	  run	  	  



RNAseq	  vs	  microarray	  

•  RNAseq	  sensiZvity	  10	  to	  100	  order	  of	  magnitude	  
higher	  than	  microarrays.	  it	  allows	  a	  very	  wide	  
dynamic	  range	  :	  detecZon	  of	  rare	  transcripts	  

•  RNAseq	  allows	  de	  novo	  gene	  expression	  analysis	  
•  Good	  correlaZon	  RNAseq	  vs.	  Micro-‐array	  



RNAseq	  vs	  microarray	  

Saccharomyces	  cerevisiae	  cells	  grown	  in	  nutrient-‐rich	  media.	  CorrelaZon	  is	  
very	  low	  for	  genes	  with	  either	  low	  or	  high	  expression	  levels.	  	  

RNA-‐seq	  and	  microarray	  agree	  fairly	  well	  only	  for	  genes	  with	  medium	  
levels	  of	  expression	  	  



RNAseq	  vs	  microarray	  

•  RNAseq	  cost	  decrease	  	  

For	  example,	  using	  Rapid	  Run	  mode	  on	  
the	  HiSeq	  2500,	  one	  can	  run	  as	  many	  as	  
24	  samples	  at	  25	  million*	  paired-‐end	  75	  
basepair	  reads	  )	  (50	  million	  total	  reads)	  
per	  sample	  in	  less	  than	  24	  hours	  and	  in	  a	  
single	  run.	  
(75	  bp	  in	  16h	  and	  150	  bp	  	  in	  40h).	  
	  
(*)Depth	  and	  format	  at	  which	  published	  
studies	  have	  reported	  the	  detecZon	  of	  
novel	  features	  such	  as	  gene	  fusions	  and	  
alternaZve	  transcripts	  	  	  



Transcriptomics	  methods	  

Advantages	  of	  RNA-‐Seq	  compared	  with	  other	  transcriptomics	  methods	  



The	  evoluZon	  of	  transcriptomics	  



The	  evoluZon	  of	  transcriptomics	  



The	  evoluZon	  of	  transcriptomics	  



The	  evoluZon	  of	  transcriptomics	  



EXPERIMENT	  DESIGN	  
IntroducZon	  



Experiment	  design	  

What	  is	  RNAseq	  experiment	  design	  ?	  
•  Answer	  to	  a	  clear	  biological	  quesZon	  	  	  
•  Take	  in	  account	  the	  indenZfied	  	  variaZon	  factor	  ,	  the	  material	  

and	  money	  constrains	  
•  Plan	  the	  bioinformaZc	  and	  biostaZsZcs	  analysis	  
•  Follow	  the	  R.	  A.	  Fisher	  (1935)	  principles	  adapted	  to	  RNA-‐seq	  :	  

•  Repeats	  
•  Shuffeling	  reparZon	  	  
•  Bloc	  consZtuZon	  

•  Biological	  repeZZons	  
•  Sequencing	  depth	  
•  MulZplexing	  



Experiment	  design	  

Sources	  of	  variance	  
	  
•  Sampling	  (fragment)	  variance:	  Even	  though	  NGS	  is	  capable	  of	  producing	  millions	  

of	  sequence	  reads,	  these	  represent	  only	  a	  small	  fracZon	  of	  the	  nucleic	  acid	  that	  is	  
actually	  present	  in	  the	  library.	  But	  also	  subject	  sampling	  (for	  a	  larger	  populaZon)	  
and	  RNA	  sampling	  (from	  different	  cells	  or	  Zssues)	  	  

•  Technical	  variance:	  	  
–  RNA	  extracted	  :	  Quality	  and	  QuanZty	  
–  Library	  preparaZon	  (fragmentaZon,	  enrichment,	  purificaZon,	  amplificaZon,	  GC	  %,	  fragment	  

orientaZon)	  	  
–  NGS	  sequencing	  procedures	  (mulZplexing-‐	  sequencing	  kit)	  	  	  

•  Biological	  variance:	  The	  nascent	  variance	  that	  is	  present	  within	  a	  treatment	  or	  
control	  group.	  

•  Variance	  effect	  :	  line	  <	  run	  <	  Library	  preparaZon	  <<	  biological	  variance	  



Poll	  :	  Which	  step	  of	  an	  RNA-‐Seq	  experiment	  is	  the	  greatest	  
source	  of	  technical	  variability?	  

Source	  RNASEQ	  Blog	  june	  2014	  	  



Experiment	  design	  

1)  how	  deep	  does	  one	  need	  to	  sequence?	  

2)	  how	  many	  biological	  replicates	  are	  necessary	  
to	  observe	  a	  significant	  change	  in	  expression?	  



Read	  coverage	  

•  Coverage	  =	  (Total	  Sequence)/Transcriptome	  Size	  	  

•  Transcriptome	  =	  ~500K	  transcripts	  	  
–  ContaminaZon	  
–  Mitochondrial,	  etc…	  

•  Average	  Transcript	  length	  =	  1000bp	  	  
•  Transcriptome	  size	  =	  500K	  x	  1kb	  =	  500Mb	  	  
•  Total	  Sequence	  =	  30M	  reads	  x	  100bp	  x	  2	  =	  6Gb	  	  
•  Coverage	  =	  6Gb/500Mb	  =12X	  	  



How	  deep	  is	  enought	  

Góngora-‐CasZllo,	  E.,	  &	  Buell,	  C.	  R.	  (2013).	  BioinformaZcs	  
challenges	  in	  de	  novo	  transcriptome	  assembly	  using	  
short	  read	  sequences	  in	  the	  absence	  of	  a	  reference	  
genome	  sequence.	  Natural	  Product	  Reports.	  doi:
10.1039/c3np20099j	  



How	  deep	  is	  enought	  

Human	  
	  
Majority	  of	  expressed	  genes	  and	  AS	  events	  can	  be	  detected	  with	  
modest	  sequencing	  depths	  (~100	  M	  filtered	  reads),	  the	  esZmated	  
gene	  expression	  levels	  and	  exon/intron	  inclusion	  levels	  were	  less	  
accurate	  
	  
•  To	  detect	  expressed	  genes	  and	  AS	  events,	  ~100	  to	  150	  million	  (M)	  

filtered	  reads	  were	  needed.	  
•  For	  a	  DE	  analysis	  and	  detect	  80%	  of	  events,	  ~300	  M	  filtered	  reads	  

were	  needed	  	  
•  For	  detecZng	  DifferenZal	  AS	  and	  	  detect	  80%	  of	  events,	  at	  least	  400	  

M	  filtered	  reads	  were	  necessary	  

EvaluaZng	  the	  Impact	  of	  Sequencing	  Depth	  on	  Transcriptome	  Profiling	  in	  Human	  Adipose.	  
Yichuan	  Liu	  et	  al.,	  2013.	  	  



How	  deep	  is	  enought	  ?	  

Bacteria	  

«	  A	  sequencing	  depth	  of	  5-‐10	  million	  non-‐	  rRNA	  fragments	  enables	  profiling	  of	  the	  vast	  
majority	  of	  transcripZonal	  acZvity	  in	  diverse	  species	  grown	  under	  di-‐	  verse	  culture	  
condiZons.	  »	  	  
	  
Haas,	  B.	  J.,	  Chin,	  M.,	  Nusbaum,	  C.,	  Birren,	  B.	  W.,	  &	  Livny,	  J.	  (2012).	  How	  deep	  is	  deep	  enough	  for	  RNA-‐Seq	  profiling	  
of	  bacterial	  transcriptomes?	  BMC	  genomics,	  13,	  734.	  doi:10.1186/1471-‐2164-‐13-‐734	  

E.	  Coli	  	  :	  5000	  genes	  
intergenic	  (IGR)	  
anZsense	  to	  ORFs	  or	  ncRNAs	  (AS)	  	  



How	  deep	  is	  enought	  ?	  

Depends	  on	  the	  purpose	  of	  the	  experiment	  and	  the	  nature	  of	  
the	  samples	  (ENCODE).	  	  
	  
•  100M	  of	  reads	  is	  sufficient	  to	  detect	  90%	  of	  the	  transcripts	  

and	  81%	  of	  the	  genes	  of	  the	  human	  transcriptome.	  (Tung	  et	  
al.	  2011)	  	  

•  20M	  reads	  (75bp)	  is	  sufficient	  to	  detect	  transcripts	  expressed	  
at	  a	  medium	  or	  low	  level	  in	  the	  chicken.	  (Wang	  et	  al.	  2011)	  	  

•  10	  M	  of	  reads	  allow	  90%	  of	  transcripts	  (human,	  zebrafish)	  to	  
be	  covered	  by	  an	  average	  of	  10	  reads.	  (Hart	  et	  al.	  2013)	  



Sample	  size	  	  

Hart,	  S.	  N.,	  Therneau,	  T.	  M.,	  Zhang,	  Y.,	  Poland,	  G.	  A.,	  &	  Kocher,	  J.-‐P.	  (2013).	  CalculaZng	  Sample	  Size	  EsZmates	  for	  
RNA	  Sequencing	  Data.	  Journal	  of	  ComputaZonal	  Biology.	  doi:10.1089/cmb.2012.0283	  



Sample	  size	  	  

Why	  increase	  the	  number	  of	  biological	  replicates?	  	  
	  
•  Generalizing	  the	  results	  to	  the	  populaZon	  	  

•  EsZmate	  more	  accurately	  the	  variaZon	  of	  each	  
transcript	  	  individually	  (Hart	  et	  al.	  2013)	  	  

•  Improve	  the	  detecZon	  of	  differenZal	  transcripts	  and	  
rate	  control	  	  false	  posiZves:	  TRUE	  from	  3	  (Sonenson	  
et	  al,	  2013,	  Robles	  et	  al	  2012.)	  



Sample	  size	  vs	  depth	  

It’s	  up	  to	  you!	  (Haas	  et	  al.,	  2012,	  Liu	  Y.	  et	  al	  2013)	  	  
	  
•  Detec?on	  of	  differen?al	  transcripts:	  	  

–  (+)	  biological	  replicates	  	  
•  Construc?on	  /	  transcriptome	  annota?on:	  	  

–  (+)	  depth	  &	  (+)	  condiZons	  	  
•  Search	  variants:	  	  

–  (+)	  biological	  replicates	  	  &	  (+)	  depth	  



Deciphering	  Sample	  Heterogeneity	  

•  “RNA	  prepared	  from	  heterogeneous	  Zssue	  
samples	  might	  contain	  only	  a	  fracZon	  of	  the	  total	  
cell	  subpopulaZon	  of	  interest.	  Consequently,	  the	  
expression	  signal	  of	  any	  gene	  detected	  directly	  
from	  a	  complex	  sample	  is	  a	  convoluZon	  of	  
expressions	  of	  all	  present	  cell	  types”	  

	  
OpZmal	  deconvoluZon	  of	  transcripZonal	  profiling	  data	  using	  quadraZc	  programming	  with	  applicaZon	  to	  
complex	  clinical	  blood	  samples.	  Gong	  T,	  Hartmann	  N,	  Kohane	  IS,	  Brinkmann	  V,	  Staedtler	  F,	  Letzkus	  M,	  
Bongiovanni	  S,	  Szustakowski	  JD.	  	  PLoS	  One.	  2011;	  6(11):e27156.	  Epub	  2011	  Nov	  16.	  

•  DeConRNAseq	  :	  R	  package	  



h^p://euler.bc.edu/marthlab/sco^y/sco^y.php	  



h^p://euler.bc.edu/marthlab/sco^y/sco^y.php	  



Experiment	  design	  :	  PEPI	  IBIS	  recommandaZons	  	  

•  Clarify	  the	  biological	  quesZon:	  	  
RNA-‐seq	  can	  answer	  a	  lot	  of	  quesZons,	  but	  all	  quesZons	  will	  
not	  reply	  with	  a	  single	  RNA-‐seq	  experience	  level.	  
	  

•  Biologist	  /	  BioinformaZcian	  /	  StaZsZcian	  Trio	  required	  at	  
start	  construcZon	  of	  the	  project	  and	  in	  discussions	  

•  Make	  biological	  replicates!	  	  
•  Think	  mulZplexing!	  €	  î	  
•  Repeats/	  Depth	  depends	  of	  the	  biological	  quesZon	  

•  Your	  budget	  should	  include	  :	  	  
–  ExtracZon	  of	  biological	  data,	  	  
–  Sequencing	  data	  storage,	  
–  BioinformaZcs	  analyzes,	   	   	   	  

	  staZsZcal	  analyzes	  



Experiment	  design	  :	  ENCODE	  recommandaZons	  	  

•  RNA-‐Seq	  is	  not	  a	  mature	  technology.	  	  
•  Experiments	  should	  be	  performed	  with	  two	  or	  more	  biological	  replicates,	  

unless	  there	  is	  a	  compelling	  reason	  why	  this	  is	  impracZcal	  or	  wasteful	  	  
•  A	  typical	  R2	  (Pearson)	  correlaZon	  of	  gene	  expression	  (RPKM)	  between	  two	  

biological	  replicates,	  for	  RNAs	  that	  are	  detected	  in	  both	  samples	  using	  
RPKM	  or	  read	  counts,	  should	  be	  between	  0.92	  to	  0.98.	  Experiments	  with	  
biological	  correlaZons	  that	  fall	  below	  0.9	  should	  be	  either	  be	  repeated	  or	  
explained.	  	  

•  Between	  30M	  and	  100M	  reads	  per	  sample	  depending	  on	  the	  study.	  	  
•  NB.	  Guidelines	  for	  the	  informaZon	  to	  publish	  with	  the	  data.	  	  
h^p://encodeproject.org/ENCODE/dataStandards.html	  

Robles,	  J.	  A.,	  Qureshi,	  S.	  E.,	  Stephen,	  S.	  J.,	  Wilson,	  S.	  R.,	  Burden,	  C.	  J.,	  &	  Taylor,	  J.	  M.	  (2012).	  Efficient	  experimental	  design	  and	  analysis	  strategies	  for	  the	  
detecZon	  of	  differenZal	  expression	  using	  RNA-‐Sequencing.	  BMC	  Genomics,	  13,	  484.	  	  

A	  sta?s?cal	  answer	  :	  Conclusions	  
This	  work	  quanZtaZvely	  explores	  comparisons	  between	  contemporary	  analysis	  tools	  and	  experimental	  design	  choices	  for	  the	  
detecZon	  of	  differenZal	  expression	  using	  RNA-‐Seq.	  …With	  regard	  to	  tesZng	  of	  various	  experimental	  designs,	  this	  work	  strongly	  
suggests	  that	  greater	  power	  is	  gained	  through	  the	  use	  of	  biological	  replicates	  rela?ve	  to	  library	  (technical)	  replicates	  and	  
sequencing	  depth.	  Strikingly,	  sequencing	  depth	  could	  be	  reduced	  as	  low	  as	  15%	  without	  substan?al	  impacts	  on	  false	  posi?ve	  or	  
true	  posi?ve	  rates.	  



RNA	  EXTRACTION	  AND	  LIBRARY	  
CONSTRUCTION	  BIAIS	  

IntroducZon	  



h^p://rnaseq.uoregon.edu	  

	  RNA	  extracZon	  

-‐  (1)	  IsolaZon	  and	  purificaZon	  of	  RNA	  typically	  involves	  disrupZng	  cells	  in	  the	  
presence	  of	  detergents	  and	  chaotropic	  agents.	  	  

-‐  (1)	  Ater	  homogenizaZon,	  RNA	  can	  be	  recovered	  and	  purified	  from	  the	  total	  cell	  
lysate	  using	  either	  liquid-‐liquid	  parZZoning	  or	  solid-‐phase	  extracZon.	  	  

-‐  (2)	  Typically	  the	  total	  RNA	  is	  then	  enriched	  for	  messenger	  RNA	  (mRNA).	  This	  can	  
be	  done	  by	  either	  directly	  selecZng	  mRNA	  or	  by	  selecZvely	  removing	  ribosomal	  
RNA	  (rRNA).	  	  

-‐  (3)	  To	  make	  the	  RNA	  suitable	  for	  RNA-‐seq	  it	  is	  typically	  fragmented	  	  

-‐  (4)	  And	  then	  the	  quality	  and	  fragmentaZon	  are	  assessed.	  
	  

1	   2	   3	   4	  



•  SelecZon	  of	  target	  sequences	  
via	  hybridizaZon.(polyA)	  	  

•  Removal	  of	  non-‐target	  
sequences	  via	  hybridizaZon.	  

•  Copy-‐number	  normalizaZon	  
via	  DSN.	  

•  Target	  enrichment	  via	  size-‐
selecZon	  

•  enzymaZc,	  
•  metal	  ion,	  
•  heat,	  	  
•  sonicaZon.	  

h^p://rnaseq.uoregon.edu	  

	  RNA	  extracZon	  



RIN	  :	  RNA	  Integrity	  Number	  	  

The	  integrity	  of	  RNA	  is	  a	  major	  concern	  for	  gene	  expression	  studies	  :	  
The	  RIN	  algorithm	  is	  applied	  to	  electrophoreZc	  RNA	  measurements	  and	  based	  on	  a	  
combinaZon	  of	  different	  features	  that	  contribute	  informaZon	  about	  the	  RNA	  integrity	  to	  
provide	  a	  more	  robust	  universal	  measure.	  

•  Values	  over	  8	  are	  good	  enough	  for	  
transcriptome	  analysis	  (euk).	  

•  Values	  over	  9	  for	  bacterial	  RNA	  	  
•  For	  small	  RNAseq	  prefer	  values	  above	  

8.5	  to	  ensure	  that	  you	  are	  fishing	  just	  
the	  physiological	  RNAs	  and	  not	  
degradaZon	  products	  

Degraded	  RNA	  samples	  :	  	  
-‐	  Over	  representaZon	  of	  3'-‐end	  fragments	  of	  transcripts	  (poly	  A	  targe^ed)	  
-‐	  Highly	  fragmented	  transcriptome	  -‐>	  hundreds	  of	  thousands	  transcripts	  



Library	  construcZon	  :	  fragmentaZon	  

•  Unlike	  small	  RNAs	  (microRNAs	  (miRNAs),	  Piwi-‐interacZng	  RNAs	  
(piRNAs),	  short	  interfering	  RNAs	  (siRNAs)	  and	  many	  others),	  which	  
can	  be	  directly	  sequenced	  ater	  adaptor	  ligaZon,	  larger	  RNA	  
molecules	  must	  be	  fragmented	  into	  smaller	  pieces	  (200–500	  bp)	  to	  
be	  compaZble	  with	  most	  deep-‐sequencing	  technologies.	  	  

•  Common	  fragmentaZon	  methods	  include	  RNA	  fragmentaZon	  (RNA	  
hydrolysis	  or	  nebulizaZon)	  or/and	  cDNA	  fragmentaZon	  (DNase	  I	  
treatment	  or	  sonicaZon).	  	  

Each	  of	  these	  methods	  creates	  a	  different	  bias	  in	  the	  outcome.	  



-‐	  FragmentaZon	  of	  oligo-‐dT	  primed	  
cDNA	  (blue	  line)	  is	  more	  biased	  
towards	  the	  3'	  end	  of	  the	  
transcript.	  	  
-‐	  RNA	  fragmentaZon	  (red	  line)	  
provides	  more	  even	  coverage	  along	  
the	  gene	  body,	  but	  is	  relaZvely	  
depleted	  for	  both	  the	  5'	  and	  3'	  
ends.	  

A	  specific	  yeast	  gene,	  SES1	  
(seryl-‐tRNA	  synthetase)	  

Library	  construcZon	  :	  fragmentaZon	  



Library	  construcZon	  

PCR	  artefacts	  
–  Many	  shorts	  reads	  that	  are	  idenZcal	  to	  each	  other	  can	  be	  obtained	  from	  

cDNA	  libraries	  that	  have	  been	  amplified.	  These	  could	  be	  a	  genuine	  
reflecZon	  of	  abundant	  RNA	  species,	  or	  they	  could	  be	  PCR	  artefacts.	  

–  Use	  replicates	  

Whether	  or	  not	  to	  prepare	  strand-‐specific	  libraries	  
–  Strand-‐specific	  libraries	  are	  valuable	  for	  transcriptome	  annotaZon,	  

especially	  for	  regions	  with	  overlapping	  transcripZon	  from	  opposite	  
direcZon	  

–  strand-‐specific	  libraries	  are	  currently	  laborious	  to	  produce	  because	  they	  
require	  many	  steps	  or	  direct	  RNA–RNA	  ligaZon,	  which	  is	  inefficient	  



Sequencing	  terminology	  



Sequencing	  terminology	  
Sequencing Terminology  

Fragments$vs.$Reads$

Shotgun$fragments$
$

ATCGA$$$3’$
TAGCT$$

5’$$$$AACGT$
$$$$$$$$TTGCA$

SingleVend$read$
Typical$pairedVend$reads(

Overlapping$pairedVend$reads(

Insert$size$



Sequencing	  terminology	  

NNNN	  
scaffold	  



NGS	  for	  RNAseq	  

Iso-‐Seq	  Method:	  Full-‐length	  transcript	  sequencing	  (2014)	  



Illumina	  sequencing	  technology	  



Illumina	  sequencing	  technology	  



Illumina	  cluster	  generaZon	  
Illumina Cluster Generation 
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T 

A 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

adapter A 
adapter B, covalently bound to glass slide 
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Cycle	  1	  strong	  signal	  	  

Cycle 1 reading with strong signals 
A T 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

Cluster generation 
Cycle 1        read as: 
  
 

T$T$
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Cycle	  2	  :	  errors	  

Cycle 2 Reading with Errors 
A T 
T A 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G C 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

“prephasing” 

Cluster generation 
Cycle 1        read as: 
Cycle 2        read as: 
  
 

T$
A$

T$
A$
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Cycle	  3	  :	  errors	  

Cycle 3 Reading with Errors 
A T 
T A 
G C 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G C 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G C 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G C 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G C 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G C 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G C 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G C 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G C 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G C 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G C 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G C 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G C 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G C 
C G 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

“postphasing” 

Cluster generation 
Cycle 1        read as: 
Cycle 2        read as: 
Cycle 3        read as: 
 
  
 

T$
A$
C$

T$
A$
C$
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Later	  cycles	  with	  more	  errors	  
Later Cycles with More Errors 

A T 
T A 
G C 
C G 
T A 
A T 
T A 
T A 
A T 
T A 
A T 
G C 
C G 
C G 
A T 
A T 
T 

A T 
T A 
G C 
C G 
T A 
A T 
T A 
T A 
A T 
T A 
A T 
G C 
C G 
C G 
A T 
A T 
T A 

A 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G C 
C G 
T A 
A T 
T A 
T A 
A T 
T A 
A T 
G C 
C G 
C G 
A T 
A 
T 

A 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G C 
C G 
T A 
A T 
T A 
T A 
A T 
T A 
A T 
G C 
C G 
C G 
A T 
A T 
T A 
A T 

A T 
T A 
G C 
C G 
T A 
A T 
T A 
T A 
A T 
T A 
A T 
G C 
C G 
C G 
A T 
A T 
T A 

A T 
T A 
G C 
C G 
T A 
A T 
T A 
T A 
A T 
T A 
A T 
G C 
C G 
C G 
A T 
A T 
T 

A T 
T A 
G C 
C G 
T A 
A T 
T A 
T A 
A T 
T A 
A T 
G C 
C G 
C G 
A T 
A T 
T A 

A T 
T A 
G C 
C G 
T A 
A T 
T A 
T A 
A T 
T A 
A T 
G C 
C G 
C G 
A T 
A T 
T A 

A T 
T A 
G C 
C G 
T A 
A T 
T A 
T A 
A T 
T A 
A T 
G C 
C G 
C G 
A T 
A T 
T A 

A 
T 
G 
C 
T 
A 
T 
T 
A 
T 
A 
G 
C 
C 
A 
A 
T 

A T 
T A 
G C 
C G 
T A 
A T 
T A 
T A 
A T 
T A 
A T 
G C 
C G 
C G 
A T 
A T 
T T 
A T 

A T 
T A 
G C 
C G 
T A 
A T 
T A 
T A 
A T 
T A 
A T 
G C 
C G 
C G 
A T 
A T 
T 

A T 
T A 
G C 
C G 
T A 
A T 
T A 
T A 
A T 
T A 
A T 
G C 
C G 
C G 
A T 
A 
T 

A T 
T A 
G C 
C G 
T A 
A T 
T A 
T A 
A T 
T A 
A T 
G C 
C G 
C G 
A 
A 
T 

A T 
T A 
G C 
C G 
T A 
A T 
T A 
T A 
A T 
T A 
A T 
G C 
C G 
C G 
A T 
A T 
T A 

A T 
T A 
G C 
C G 
T A 
A T 
T A 
T A 
A T 
T A 
A T 
G C 
C G 
C G 
A 
A 
T 

Cluster generation 
Cycle 1        read as: 
Cycle 2        read as: 
Cycle 3        read as: 
Cycle 4        read as: 
Cycle 5        read as: 
Cycle 6        read as: 
Cycle 7        read as: 
Cycle 8        read as: 
Cycle 9        read as: 
Cycle 10       read as: 
Cycle 11       read as: 
Cycle 12       read as: 
Cycle 13       read as: 
Cycle 14       read as: 
Cycle 15       read as: 
Cycle 16       read as:  
 

T$
A$
C$
G$
A$
T$
A$
A$
T$
A$
?$
?$
?$
?$
?$
?$

T$
A$
C$
G$
A$
T$
A$
A$
T$
A$
T$
C$
G$
G$
T$
T$

40$



Basecall	  qualiZes	  Basecall Qualities 
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Data	  Cleaning	  


