






End	  Repair	  of	  double-‐stranded	  cDNA	  
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First-‐Strand	  cDNA	  Synthesis	  with	  Random	  Primers	  

Second-‐Strand	  cDNA	  Synthesis	  	  

Purify	  the	  double	  stranded	  cDNA	  with	  AMPure	  magne8c	  Beads	  
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Experimental	  Workflow	  
• Calculate	  coverage	  you	  want	  for	  your	  genome/transcriptome,	  and,	  using	  the	  
coverage	  calculator,	  calculate	  how	  many	  samples	  will	  fit	  on	  your	  run.	  

• Isolate	  your	  RNA	  as	  usual,	  and	  get	  rid	  of	  rRNA	  if	  not	  needed	  	  

• Quan8tate	  on	  the	  Bioanalyzer	  (for	  quality)	  and	  Qubit	  (for	  quan8ty)	  (may	  want	  to	  
isolate	  a	  couple	  of	  extra	  and	  take	  the	  best	  ones).	  	  

• Prepare	  each	  library.	  

• Quan8tate	  one	  more	  8me	  with	  bioanalyzer	  and	  Qubit,	  then	  make	  calcula8on	  for	  
dilu8ons	  to	  4nM	  which	  is	  where	  the	  protocol	  starts	  on	  sequencing	  day.	  

• On	  day	  of	  sequencing	  you	  will	  denature	  your	  4nM	  libraries	  and	  dilute	  to	  desired	  
molarity	  (generally	  10-‐12pM	  for	  these	  libraries).	  	  You	  will	  do	  the	  same	  for	  the	  PhiX	  
library	  purchased	  from	  Illumina,	  which	  you	  will	  put	  on	  every	  run	  as	  a	  control.	  

• Finally,	  pool	  all	  libraries	  and	  PhiX	  together	  in	  650µl,	  with	  PhiX	  being	  1-‐5%	  of	  pool	  
and	  the	  rest	  of	  the	  libraries	  evenly	  represented.	  	  Load	  600µl	  into	  cartridge	  and	  run.	  



hap://support.illumina.com/sequencing/downloads.ilmn	  

MiSeq Output Calculations 

  

MiSeq with: 
- Upgraded hardware, or from September 2012 and 
later 
- MCS v2.3 or later 
- MiSeq Reagent Kit v3 

MiSeq with: 
- Upgraded hardware, or from September 2012 and 
later 
- MCS v2.0 or later 
- MiSeq Reagent Kit v2 

Reads/flow cell 25,000,000 16,000,000 

Genome or region size  (in bases) 600,000 600,000 

Coverage 100 100 

Total number of cycles (e.g. 300 for 2x150) 150 50 

Total output required (in bases) 60,000,000 60,000,000 

Output/flow cell (bases/flow cell) 3,750,000,000 800,000,000 

Number of flow cells 0.02 0.08 

Number of samples per flow cell 62.50 13.33 









Bioinformatics on large datasets!
!

	  	  	  Start	  by	  coming	  up	  with	  a	  workflow,	  then	  try	  to	  find	  a	  primary	  publica8on	  that	  did	  the	  same.	  

Sample workflow!
	  

QC	  Data	  -‐>	  Trim	  Data	  -‐>	  Assemble	  Data	  (if	  no	  reference	  de	  novo)	  -‐>	  Annotate	  

Transcripts	  -‐>	  Map/Align	  reads	  to	  reference	  (either	  published	  or	  your	  new	  annotated	  

de	  novo	  assembly)	  -‐>	  Count	  Reads	  that	  mapped	  to	  each	  transcript	  -‐>	  Normalize	  and	  

Compare	  Read	  Counts	  



Bioinformatics on large datasets!

So0ware	  Op-ons	  For	  RNA-‐Seq	  	  
QC	  Data	  –	  FastQC	  –	  in	  Galaxy	  or	  Commandline	  (limits	  in	  Galaxy	  –	  data	  size,	  goes	  down)	  
Trim	  Data	  –	  FastQCTrimmer	  vs	  Quality	  Filter	  in	  Galaxy	  or	  Commandline	  
Assemble	  Data	  –	  Trinity	  in	  Galaxy	  or	  Commandline	  (limits	  in	  Galaxy	  –	  control	  –	  if	  on	  
commandline,	  can	  normalize	  (eliminate	  repeated	  sequence	  (called	  digital	  normalisa8on)	  to	  
give	  program	  less	  noise	  -‐>	  less	  memory	  needed,	  more	  speed	  for	  assembly)	  
SoapDeNovoTrans	  –	  make	  sure	  for	  RNA	  otherwise	  mul8ples	  reads	  of	  the	  same	  sequence	  
will	  be	  viewed	  as	  repeats.	  	  	  
Annotate	  Transcripts	  –	  Trinotate,	  JAMg	  
Some	  websites:	  

Map/Align	  reads	  to	  reference	  –	  Tophat	  either	  in	  Galaxy	  or	  Commandline	  (only	  works	  if	  
aligning	  to	  a	  reference	  genome),	  Bow8e,	  RSEM,	  BWA	  
Count	  Reads	  –	  Cufflinks	  either	  in	  Galaxy	  or	  Commandline,	  HTSeq,	  RSEM	  
Compare	  Read	  Counts-‐Use	  CuffMerge	  to	  bring	  together	  all	  data	  sets	  you	  want	  to	  compare	  
and	  then	  run	  CuffDiff	  ,	  DESeq2,	  eXpress,	  RSEM	  

hap://dnasubway.iplantcollabora8ve.org/	  
hap://goblinx.soic.indiana.edu/src/yrGATE	  



Bioinformatics on large datasets!

	  
	  

From	  here	  you	  will	  likely	  want	  to	  do:	  	  
Gene	  Ontology	  –	  DAVID	  and	  Cytoscape	  (networks),	  BioCyc	  or	  other	  functional	  genomic	  resources	  
depending	  on	  organism	  (eg.	  EcoCyc	  is	  BioCyc	  for	  E.	  coli).	  	  	  
	  
SNP	  detection,	  variant	  calling	  	  
	  
There	  is	  also	  a	  very	  fun	  website	  called	  KeggAnime	  that	  gives	  you	  animation	  of	  your	  genes	  of	  interest	  
in	  their	  respective	  pathways,	  http://biit.cs.ut.ee/kegganim/index.cgi	  	  



Bioinformatics on large datasets!
!

	  
A	  note	  on	  normaliza8on:	  
RPKM	  switched	  to	  FPKM	  with	  the	  advent	  of	  paired	  end	  reads,	  making	  Reads	  per	  	  
Kilobase	  per	  Million	  is	  no	  longer	  accurate	  as	  there	  were	  2	  reads	  per	  fragment.	  	  Thus,	  	  
FPKM	  or	  Fragment	  per	  Kilobase	  per	  Million	  is	  now	  used.	  

HOWEVER,	  FPKM	  is	  a	  within	  sample	  normaliza8on:	  	  it	  allows	  you	  to	  compare	  rela8ve	  
expression	  of	  genes	  or	  transcripts	  within	  a	  single	  sample	  to	  for	  instance	  plot	  
expression	  of	  several	  genes	  in	  a	  single	  sample.	  	  FPKM	  is	  NOT	  comparable	  between	  
samples	  because	  in	  addi8on	  to	  normalizing	  by	  transcript	  length	  and	  library	  size,	  it	  
includes	  a	  sample-‐specific	  normaliza8on	  constant.	  	  In	  addi8on,	  if	  you	  are	  comparing	  
the	  expression	  of	  a	  gene	  across	  samples,	  that	  gene/transcript	  size	  is	  going	  to	  be	  the	  
same	  across	  condi8ons	  (if	  comparing	  different	  species	  to	  each	  other,	  then	  FPKM	  may	  
s8ll	  be	  in	  play).	  
	  
Thus,	  now	  it	  is	  recommended	  to	  use	  TPM	  (Transcripts	  per	  Million	  reads)	  as	  an	  
equivalent	  metric	  that	  is	  comparable	  between	  samples.	  	  The	  math	  is	  explained	  beyond	  
my	  understanding	  in	  a	  paper	  by	  Wagner:	  
	  hap://lynchlab.uchicago.edu/publica8ons/Wagner,%20Kin,%20and%20Lynch
%20(2012).pdf	  

Cufflinks	  in	  Galaxy	  only	  lets	  you	  do	  FPKM	  –	  at	  the	  very	  least	  you	  should	  try	  one	  other	  method	  of	  
analysis	  and	  compare	  your	  results.	  	  	  

Don’t use sequencing to draw conclusions. Use sequencing to direct hypotheses that you then explore experimentally. 



References	  and	  Places	  to	  Go	  

Integrated	  Genome	  Browsers	   	   	   	   	  -‐UC	  Santa	  Cruz	  :	  hosts	  many	  genomes,	  including	  E.coli	  
	   	   	   	   	   	   	   	  -‐IGV	  at	  Broad	  Ins8tute:	  recommended	  by	  Illumina	  

	  
Aligner 	   	   	   	   	   	   	  -‐Mauve	  
	  
Mapping	  Viewer 	   	   	   	   	   	  -‐Tablet	  

	   	   	   	   	   	   	   	  -‐	  Tview	  in	  Samtools	  
	  
Gene	  Ontology 	   	   	   	   	   	  -‐DAVID	  

	   	   	   	   	   	   	   	  -‐BioCyc	  and	  EcoCyc	  
	   	   	   	   	   	   	   	  -‐Cytoscape	  
	   	   	   	   	   	   	   	  -‐KEGG	  and	  KeggAnim	  

	  
	  

-‐Watch	  some	  training	  videos	  that	  pertain	  to	  you	  at	  Illumina.com	  
hap://support.illumina.com/training/sequencing_training.ilmn	  (Chemistry	  overview	  
is	  wicked	  helpful).	  
	  
-‐Register	  with	  Illumina.com	  to	  get	  your	  BaseSpace	  account	  and	  info	  on	  past	  and	  
future	  webinars.	   	   	  	  

When	  all	  else	  fails,	  Google	  “How	  to”	  or	  “Manual”	  or	  “Tutorial”	  
your	  problem	  or	  get	  an	  account	  at	  SeqAnswers	  and	  BioStar	  
and	  ask	  the	  forums.	  



Some	  Illumina	  Tech	  Notes	  to	  Peruse	  

An	  Introduc8on	  to	  Illumina	  NGS	  Technology	  for	  Microbiologists:	  
hap://res.illumina.com/documents/products/
sequencing_introduc8on_microbiology.pdf	  
	  
Es8ma8ng	  Sequencing	  coverage:	  
hap://res.illumina.com/documents/products/technotes/
technote_coverage_calcula8on.pdf	  
	  
Understanding	  Illumina	  Quality	  Scores:	  
hap://res.illumina.com/documents/products/technotes/
technote_understanding_quality_scores.pdf	  
	  
And	  many	  more	  at:	  
hap://support.illumina.com/sequencing/literature.ilmn	  
	  
	  


