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Next	
  Gen	
  Sequencing	
  ApplicaCons	
  



Using	
  Next	
  GeneraCon	
  Sequencing	
  to	
  
Define	
  the	
  Microbiome	
  

1.)	
  Amplicon	
  Surveys-­‐	
  targeted	
  amplicons	
  
-­‐  16S	
  (bacteria)	
  
-­‐  18S	
  (bacteria)	
  
-­‐  ITS	
  (fungi)	
  
	
  
2.)	
  Shotgun	
  Metagenomics-­‐	
  	
  
	
  -­‐enCre	
  metagenome:	
  sacrifice	
  resoluCon	
  
	
  -­‐enriched	
  metagenome-­‐	
  Virome	
  



Shotgun	
  Sequencing	
  

Enriched	
  Metagenome-­‐	
  Virome	
  
Virus	
  Like	
  ParCcle	
  (VLP)	
  
-­‐DNA,	
  RNA	
  
-­‐remove	
  bacteria	
  
-­‐remove	
  host	
  	
  
	
  

Stool	
  Sample	
  
Amplicon	
  Sequencing	
  

16S/18S/ITS	
  
-­‐DNA	
  
-­‐targeted	
  Amplicons	
  

Kwon	
  Lab-­‐	
  MaX	
  



Sample	
  Types	
  
Stool	
  
Urine	
  
Tissue	
  
Cerebral	
  Spinal	
  Fluid	
  
Cervicovaginal	
  Swab	
  
Nasopharyngeal	
  Swab	
  
Bronchoalveolar	
  Lavage	
  
Sputum	
  
Serum	
  
Synovial	
  Fluid	
  
Whole	
  Blood	
  
Cerebral	
  Spinal	
  Fluid	
  
Allantoic	
  Fluid	
  
AmnioCc	
  Fluid	
  
Breastmilk	
  
Oral	
  Wash	
  
Saliva	
  
Pericardial	
  Fluid	
  
Semen	
  
Sewage	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  



How	
  much	
  sample	
  do	
  you	
  need?	
  

•  Stool	
  at	
  least	
  200mg,	
  <1500mg	
  
•  Fluid	
  type	
  samples	
  eg;	
  serum,	
  sputum,	
  etc:	
  1mL	
  	
  

Storage	
  CondiCons	
  

•  Frozen	
  at	
  -­‐80	
  degrees	
  as	
  quickly	
  as	
  possible	
  
•  No	
  medium	
  eg;	
  RNAlater	
  etc	
  



Original	
  Sample	
  

Final	
  Library	
  

Chip/Aliquot	
  

Lyse	
  

Extract	
  DNA	
  

AmplificaCon	
  

Pool	
  



Pool/Clean	
  Up	
  

PCR	
  AmplificaCon	
  

Extract	
  

Chip/dilute	
  stool	
  

Clean	
  Up	
  

Homogenize	
  	
  

Sequence	
  

Preparing	
  Samples	
  for	
  
16S/ITS/18S	
  	
  

Amplicon	
  Sequencing	
  

Set	
  Up	
  Biosafety	
  Cabinet	
  



Pool/Clean	
  Up	
  

PCR	
  AmplificaCon	
  

Extract	
  

Chip/dilute	
  stool	
  

Clean	
  Up	
  

Homogenize	
  

Sequence	
  

Set	
  Up	
  Biosafety	
  Cabinet	
   Biosafety	
  Cabinet	
  Set	
  Up	
  
•  Samples	
  are	
  handled	
  at	
  BSL2+-­‐	
  gown	
  and	
  

double	
  glove	
  
•  Decon	
  with	
  10%	
  bleach	
  soluCon,	
  70%	
  

ethanol,	
  and	
  UV	
  for	
  30	
  minutes	
  
•  Waste	
  collected	
  in	
  biohazard	
  bags	
  and	
  

autoclaved	
  



Pool/Clean	
  Up	
  

PCR	
  AmplificaCon	
  

Extract	
  

Chip/dilute	
  stool	
  

Clean	
  Up	
  

Homogenize	
  

Sequence	
  

Set	
  Up	
  Biosafety	
  Cabinet	
  
Chip	
  Stool	
  Sample	
  

•  Keep	
  sample	
  frozen	
  
•  Chip	
  ~20mg	
  of	
  stool	
  
•  200ul	
  of	
  autoclaved	
  1.0mm	
  silica	
  beads	
  
•  Add	
  20%	
  SDS,	
  Buffer	
  A	
  (NaCl,	
  Tris,	
  EDTA),	
  PCI	
  



Pool/Clean	
  Up	
  

PCR	
  AmplificaCon	
  

Extract	
  

Chip/dilute	
  stool	
  

Clean	
  Up	
  

Homogenize	
  

Sequence	
  

Set	
  Up	
  Biosafety	
  Cabinet	
   Homogenize	
  Samples	
  

•  Bead	
  beat	
  for	
  1	
  minute	
  
•  Lyse	
  cells	
  to	
  release	
  bacterial	
  

DNA	
  



Pool/Clean	
  Up	
  

PCR	
  AmplificaCon	
  

Extract	
  

Chip/dilute	
  stool	
  

Clean	
  Up	
  

Homogenize	
  

Sequence	
  

Set	
  Up	
  Biosafety	
  Cabinet	
  
Crude	
  DNA	
  ExtracCon	
  

	
  Aqueous	
  soluCon	
  of	
  homogenized	
  stool	
  	
  	
  

Equal	
  volume	
  phenol:chloroform:IAA	
  

Isopropanol	
  PrecipitaCon	
  

Resuspend	
  in	
  50ul	
  of	
  H2O	
  

Vortex	
  

Centrifuge	
  

PipeXe	
  Aqueous	
  Layer	
  



Pool/Clean	
  Up	
  

PCR	
  AmplificaCon	
  

Extract	
  

Chip/dilute	
  stool	
  

Clean	
  Up	
  

Homogenize	
  

Sequence	
  

Set	
  Up	
  Biosafety	
  Cabinet	
   Qiagen	
  DNeasy	
  
•  P:C:I	
  extracted	
  nucleic	
  acid	
  is	
  not	
  pure	
  

enough	
  for	
  PCR	
  
•  Samples	
  arranged	
  in	
  96	
  well	
  format	
  for	
  

remainder	
  of	
  protocol	
  



PCR	
  WorkstaCon	
  
•  VerCcal	
  Laminar	
  air	
  flow	
  
•  Hepa	
  filtraCon	
  system	
  
•  Built	
  in	
  UV	
  	
  



Pool/Clean	
  Up	
  

PCR	
  AmplificaCon	
  

Chip/dilute	
  stool	
  

Clean	
  Up	
  

Homogenize	
  

Sequence	
  

Set	
  Up	
  Biosafety	
  Cabinet	
  
Triplicate	
  Sample	
  Plates	
   NegaCve	
  Control	
  Plate	
  

PCR	
  AmplificaCon	
  Plate	
  Set	
  Up	
  

Sample	
  Plate	
  

Primer	
  Plate	
  

Extract	
  

…..	
  

…..	
  
Primer	
  Plate	
  



Caporaso	
  et	
  al,	
  2011	
  



Primer	
  Design	
  

Conserved	
  Sequence	
  
Forward/Reverse	
  Primer	
  
Barcode	
  
Illumina	
  Adapter	
  



Pool/Clean	
  Up	
  

PCR	
  AmplificaCon	
  

ExtracCon	
  

Chip/dilute	
  stool	
  

Clean	
  Up	
  

Bead	
  beat	
  

Sequence	
  

Set	
  Up	
  Biosafety	
  Cabinet	
   Post	
  PCR	
  AmplificaCon	
  

Failure	
  Rate:	
  up	
  to	
  40%	
  for	
  some	
  projects	
  
TroubleshooCng	
  No	
  Band:	
  
-­‐AnCbioCcs	
  treated	
  samples	
  ooen	
  don’t	
  show	
  a	
  band	
  
-­‐PCR	
  inhibitors-­‐	
  someCmes	
  a	
  1:10	
  or	
  1:100	
  diluCon	
  of	
  
the	
  sample	
  will	
  work	
  

•  Triplicate	
  reacCons	
  are	
  pooled	
  into	
  single	
  plate	
  
•  1%	
  Agarose	
  gel-­‐	
  5ul	
  of	
  amplified	
  DNA	
  
•  Expected	
  band	
  16S=390bp,	
  18S=260bp	
  +/-­‐	
  50bp,	
  ITS=	
  

~230bp	
  	
  



Pool/Clean	
  Up	
  

PCR	
  AmplificaCon	
  

Extract	
  

Chip/dilute	
  stool	
  

Clean	
  Up	
  

Homogenize	
  	
  

Sequence	
  

Set	
  Up	
  Biosafety	
  Cabinet	
   Sample	
  Pooling	
  and	
  Clean	
  Up	
  
-­‐  Pool	
  5ul	
  per	
  sample.	
  Including	
  H2O	
  

negaCve	
  controls	
  
-­‐  	
  Clean	
  Up	
  
-­‐  QuanCfy	
  Using	
  Nanodrop	
  

Pool	
  5ul/sample	
  



Pool/Clean	
  Up	
  

PCR	
  AmplificaCon	
  

Extract	
  

Chip/dilute	
  stool	
  

Clean	
  Up	
  

Homogenize	
  	
  

Sequence	
  

Set	
  Up	
  Biosafety	
  Cabinet	
  

MiSeq	
  V2	
  2X250	
  

(pick	
  your	
  favorite)	
  



hXp://www.earthmicrobiome.org	
  



Shotgun	
  Sequencing	
  

Enriched	
  Metagenome-­‐	
  Virome	
  
Virus	
  Like	
  ParCcle	
  (VLP)	
  
-­‐DNA,	
  RNA	
  
-­‐remove	
  bacteria	
  
-­‐remove	
  encapsulated	
  DNA	
  	
  
	
  

Stool	
  Sample	
  
Amplicon	
  Sequencing	
  

16S/18S/ITS	
  
-­‐DNA	
  
-­‐targeted	
  Amplicons	
  

Kwon	
  Lab-­‐	
  MaX	
  



Preparing	
  Samples	
  for	
  Virome	
  
Sequencing:	
  	
  3	
  Steps	
  

1.)	
  Virus	
  Like	
  ParCcle	
  (VLP)	
  
	
  Enrichment	
  and	
  Total	
  Nucleic	
  Acid	
  
	
  ExtracCon	
  	
  

2.)	
  Reverse	
  TranscripCon,	
  Second	
  
	
  Strand	
  Synthesis	
  and	
  PCR	
  
	
  AmplificaCon	
  

3.)	
  Library	
  ConstrucCon	
  	
  



Preparing	
  Samples	
  for	
  Virome	
  
Sequencing:	
  	
  3	
  Steps	
  

1.)	
  Virus	
  Like	
  ParCcle	
  (VLP)	
  
	
  Enrichment	
  and	
  Total	
  Nucleic	
  Acid	
  
	
  ExtracCon	
  	
  

2.)	
  Reverse	
  TranscripCon,	
  Second	
  
	
  Strand	
  Synthesis	
  and	
  PCR	
  
	
  AmplificaCon	
  	
  

3.)	
  Library	
  ConstrucCon	
  	
  



DNase/Lysozyme	
  

Filter	
  

Vortex	
  

Set	
  Up	
  Biosafety	
  Cabinet	
  

Centrifuge	
  

Chip/Dilute	
  

TNA	
  ExtracCon	
  

Biosafety	
  Cabinet	
  Set	
  Up	
  
•  Samples	
  are	
  handled	
  at	
  BSL2+-­‐	
  gown	
  and	
  

double	
  glove	
  
•  Decon	
  with	
  10%	
  bleach	
  soluCon,	
  70%	
  

ethanol,	
  and	
  UV	
  for	
  30	
  minutes	
  
•  Waste	
  collected	
  in	
  biohazard	
  bags	
  and	
  

autoclaved	
  



DNase/Lysozyme	
  

Filter	
  

Vortex	
  

Set	
  Up	
  Biosafety	
  Cabinet	
  

Centrifuge	
  

Chip/Dilute	
  

TNA	
  ExtracCon	
  

Chip	
  Stool	
  Sample	
  
	
  

•  Keep	
  sample	
  frozen	
  
•  Chip	
  ~200mg	
  of	
  stool	
  
•  Add	
  SM	
  Buffer	
  (NaCl,	
  Tris,	
  MgSO4)	
  



DNase/Lysozyme	
  

Filter	
  

Vortex	
  

Set	
  Up	
  Biosafety	
  Cabinet	
  

Centrifuge	
  

Chip/Dilute	
  

TNA	
  ExtracCon	
  

Homogenize	
  Samples	
  

•  Vortex	
  for	
  5	
  minutes	
  
•  Break	
  up	
  stool	
  material	
  



DNase/Lysozyme	
  

Filter	
  

Vortex	
  

Set	
  Up	
  Biosafety	
  Cabinet	
  

Centrifuge	
  

Chip/Dilute	
  

TNA	
  ExtracCon	
  

Centrifuge	
  

•  7,000G	
  for	
  10	
  minutes	
  
•  Pellet	
  stool	
  parCcles	
  



DNase/Lysozyme	
  

Filter	
  

Vortex	
  

Set	
  Up	
  Biosafety	
  Cabinet	
  

Centrifuge	
  

Chip/Dilute	
  

TNA	
  ExtracCon	
  

Filter	
  to	
  Remove	
  Bacteria	
  

•  .45u	
  filter	
  



DNase/Lysozyme	
  

Filter	
  

Vortex	
  

Set	
  Up	
  Biosafety	
  Cabinet	
  

Centrifuge	
  

Chip/Dilute	
  

TNA	
  ExtracCon	
  

Non	
  Encapsulated	
  DNA	
  Removal	
  

•  Lysozyme	
  DNAse	
  Enzyme	
  cocktail	
  
•  Degrade	
  non-­‐encapsulated	
  DNA	
  



Total	
  Nucleic	
  Acid	
  ExtracCon	
  

DNase/Lysozyme	
  

Filter	
  

Vortex	
  

Set	
  Up	
  Biosafety	
  Cabinet	
  

Centrifuge	
  

Chip/Dilute	
  

TNA	
  ExtracCon	
  

•  Extract	
  both	
  DNA	
  and	
  RNA	
  
•  Automated	
  systems	
  
•  Manual	
  Kits-­‐	
  Qiagen	
  DNeasy	
  



Preparing	
  Samples	
  for	
  Virome	
  
Sequencing:	
  3	
  Steps	
  

1.)	
  Virus	
  Like	
  ParCcle	
  (VLP)	
  
	
  Enrichment	
  and	
  Total	
  Nucleic	
  Acid	
  
	
  ExtracCon	
  	
  

2.)	
  Reverse	
  TranscripCon,	
  Second	
  
	
  Strand	
  Synthesis	
  and	
  PCR	
  
	
  AmplificaCon	
  	
  

3.)	
  Library	
  ConstrucCon	
  	
  



Total	
  Nucleic	
  Acid	
  

dsDNA-­‐	
  Library	
  ConstrucCon	
  Input	
  

dsRNA	
  ssRNA	
   dsDNA	
  

Reverse	
  TranscripCon	
  

Second	
  Strand	
  Synthesis	
  

ssDNA	
  

PCR	
  AmplificaCon	
  



Invitrogen Low 
Mass Ladder 

Post	
  PCR	
  AmplificaCon	
  

•  1%	
  Agarose	
  gel-­‐	
  10ul	
  of	
  amplified	
  DNA	
  
•  Expected	
  smear	
  200bp-­‐1kb	
  
•  Failure	
  rate	
  averages	
  8-­‐10%	
  



Preparing	
  Samples	
  for	
  Virome	
  
Sequencing:	
  3	
  Steps	
  

1.)	
  Virus	
  Like	
  ParCcle	
  (VLP)	
  
	
  Enrichment	
  and	
  Total	
  Nucleic	
  Acid	
  
	
  ExtracCon	
  	
  

2.)	
  Reverse	
  TranscripCon,	
  Second	
  
	
  Strand	
  Synthesis,	
  and	
  PCR	
  
	
  AmplificaCon	
  	
  

3.)	
  Library	
  ConstrucCon	
  	
  





New England Biolabs 
NEB Next DNA Library 

Construction 

Clean	
  Up/Size	
  SelecCon	
  

Adapter	
  LigaCon	
  

Clean	
  Up/Size	
  SelecCon	
  

End	
  Repair	
  

PCR	
  Clean	
  Up	
  

Quality	
  Control	
  

Pool	
  

PCR	
  AmplificaCon	
  

Sequence	
  



PCR	
  WorkstaCon	
  
•  VerCcal	
  Laminar	
  air	
  flow	
  
•  Hepa	
  filtraCon	
  system	
  
•  Built	
  in	
  UV	
  	
  



	
  
	
  
	
  
	
  

Clean	
  Up/Size	
  SelecCon	
  

Adapter	
  LigaCon	
  

Clean	
  Up/Size	
  SelecCon	
  

End	
  Repair	
  

PCR	
  Clean	
  Up	
  

Quality	
  Control	
  

Pool	
  

PCR	
  AmplificaCon	
  

Sequence	
  

Invitrogen 
Low Mass 
Ladder 

	
  
Post	
  PCR	
  AmplificaCon	
  

	
  
•  1%	
  Agarose	
  gel-­‐	
  10ul	
  of	
  amplified	
  DNA	
  
•  Expected	
  smear	
  200bp-­‐1kb	
  
•  Target	
  400-­‐600bp	
  for	
  library	
  construcCon	
  



•  SPRI Bead (Solid Phase Reversible Immobilization) 
•  Uses Paramagentic beads to selectively bind nucleic 

acid by size 
•  PEG (polyethylene glycol) causes the negatively 

charged DNA to bind to the carboxyl molecules on bead 
surface 

•  Lower the ratio of SPRI:DNA= larger final fragments at 
elution 

 

Clean	
  Up/Size	
  SelecCon	
  

Adapter	
  LigaCon	
  

Clean	
  Up/Size	
  SelecCon	
  

End	
  Repair	
  

PCR	
  Clean	
  Up	
  

Quality	
  Control	
  

Pool	
  

PCR	
  AmplificaCon	
  

Sequence	
  

Beckman	
  Coulter-­‐	
  AmPure	
  Bead	
  

Broad	
  InsCtute	
  



hXps://youtu.be/zGV0SjCe0CU	
  
	
  



Clean	
  Up/Size	
  SelecCon	
  

Adapter	
  LigaCon	
  

Clean	
  Up/Size	
  SelecCon	
  

End	
  Repair	
  

PCR	
  Clean	
  Up	
  

Quality	
  Control	
  

Pool	
  

PCR	
  AmplificaCon	
  

Sequence	
  

Sample	
  QuanCficaCon	
  
•  Library	
  input	
  DNA	
  20-­‐100ng	
  
•  Can	
  go	
  as	
  low	
  as	
  5ng	
  
•  Knowing	
  input	
  is	
  criCcal	
  for	
  downstream	
  steps-­‐	
  adapter	
  

concentraCon	
  and	
  PCR	
  amplificaCon	
  cycle	
  number	
  	
  



End Repair 
5’ Phosphorylation and dA-Tailing 

Clean	
  Up/Size	
  SelecCon	
  

Adapter	
  LigaCon	
  

Clean	
  Up/Size	
  SelecCon	
  

End	
  Repair	
  

PCR	
  Clean	
  Up	
  

Quality	
  Control	
  

Pool	
  

PCR	
  AmplificaCon	
  

Sequence	
  

•  Strands	
  are	
  blunted	
  and	
  phosphorylated	
  
•  Adding	
  an	
  A	
  to	
  3’	
  ends	
  



 Adapter Ligation 

Clean	
  Up/Size	
  SelecCon	
  

Adapter	
  LigaCon	
  

Clean	
  Up/Size	
  SelecCon	
  

End	
  Repair	
  

PCR	
  Clean	
  Up	
  

Quality	
  Control	
  

Pool	
  

PCR	
  AmplificaCon	
  

Sequence	
  

•  Adapters	
  with	
  single	
  T	
  overhang	
  ligated	
  on	
  the	
  end	
  
repair	
  dA	
  fragment	
  

•  Amount	
  of	
  adapter	
  is	
  criCcal	
  
•  User	
  enzyme	
  used	
  to	
  cleave	
  hairpin	
  loop	
  



Clean	
  Up/Size	
  SelecCon	
  

Adapter	
  LigaCon	
  

Clean	
  Up/Size	
  SelecCon	
  

End	
  Repair	
  

PCR	
  Clean	
  Up	
  

Quality	
  Control	
  

Pool	
  

PCR	
  AmplificaCon	
  

Sequence	
  

Clean	
  Up-­‐	
  Post	
  Adapter	
  LigaCon	
  

•  Size	
  SelecCon	
  400-­‐600bp	
  
•  Remove	
  unused	
  ligaCon	
  reacCon	
  components,	
  

adapter	
  dimers,	
  and	
  concatemers	
  
	
  



Clean	
  Up/Size	
  SelecCon	
  

Adapter	
  LigaCon	
  

Clean	
  Up/Size	
  SelecCon	
  

End	
  Repair	
  

PCR	
  Clean	
  Up	
  

Quality	
  Control	
  

Pool	
  

PCR	
  AmplificaCon	
  

Sequence	
  

Library	
  AmplificaCon	
  by	
  PCR	
  

•  Increase	
  the	
  amount	
  of	
  
library	
  

•  Select	
  for	
  libraries	
  with	
  
adapters	
  on	
  each	
  end	
  

•  Indexes	
  can	
  be	
  added	
  
for	
  mulCplexing-­‐	
  24	
  
unique	
  indexes	
  



Clean	
  Up/Size	
  SelecCon	
  

Adapter	
  LigaCon	
  

Clean	
  Up/Size	
  SelecCon	
  

End	
  Repair	
  

PCR	
  Clean	
  Up	
  

Quality	
  Control	
  

Pool	
  

PCR	
  AmplificaCon	
  

Sequence	
  

Clean	
  Up-­‐	
  Post	
  PCR	
  AmplificaCon	
  

•  Remove	
  free	
  barcodes,	
  nucleoCdes	
  
•  Remove	
  adapter	
  dimers	
  



Quality Control 

Clean	
  Up/Size	
  SelecCon	
  

Adapter	
  LigaCon	
  

Clean	
  Up/Size	
  SelecCon	
  

End	
  Repair	
  

PCR	
  Clean	
  Up	
  

Quality	
  Control	
  

Pool	
  

PCR	
  AmplificaCon	
  

Sequence	
  

•  Agilent	
  Bioanalzyer	
  2100	
  
•  Microfluidics	
  plasorm	
  for	
  sizing	
  and	
  

quanCficaCon	
  



Clean	
  Up/Size	
  SelecCon	
  

Adapter	
  LigaCon	
  

Clean	
  Up/Size	
  SelecCon	
  

End	
  Repair	
  

PCR	
  Clean	
  Up	
  

Quality	
  Control	
  

Pool	
  

PCR	
  AmplificaCon	
  

Sequence	
  

Pool	
  Final	
  Libraries	
  
	
  	
  

•  Individual	
  Barcode	
  for	
  mulCplexing	
  
•  Pool	
  equal	
  molar	
  concentraCon	
  
•  Sequencing	
  Core	
  requires	
  20ul	
  at	
  2-­‐10nM	
  



Clean	
  Up/Size	
  SelecCon	
  

Adapter	
  LigaCon	
  

Clean	
  Up/Size	
  SelecCon	
  

End	
  Repair	
  

PCR	
  Clean	
  Up	
  

Quality	
  Control	
  

Pool	
  

PCR	
  AmplificaCon	
  

Sequence	
  

MiSeq	
  V2	
  2X250	
  

(pick	
  your	
  favorite)	
  



Laboratory	
  Layout	
  

Main	
  Lab	
  
Post	
  PCR	
  amplificaCon	
  

Library	
  ConstrucCon	
  and	
  QC	
  

Clean	
  Room	
  
Original	
  Sample	
  Prep-­‐	
  BSC	
  

RT	
  and	
  SSS-­‐	
  BSC	
  
-­‐80	
  Freezer	
  	
  



Shotgun	
  Sequencing	
  

Enriched	
  Metagenome-­‐	
  Virome	
  
Virus	
  Like	
  ParCcle	
  (VLP)	
  
-­‐DNA,	
  RNA	
  
-­‐remove	
  bacteria	
  
-­‐remove	
  host	
  	
  
	
  

Stool	
  Sample	
  
Amplicon	
  Sequencing	
  

16S/18S/ITS	
  
-­‐DNA	
  
-­‐targeted	
  Amplicons	
  

Kwon	
  Lab-­‐	
  MaX	
  





16S/ITS	
  vs	
  Virome	
  

16S/18S/ITS-­‐	
  DNA	
  only	
  
•  Chip-­‐20mg/Buffer	
  A	
  

Virome-­‐	
  DNA	
  +	
  RNA	
  
•  Chip-­‐200mg/SM	
  Buffer	
  

•  	
  Bead	
  Beat-­‐	
  Lyse	
   •  	
  Vortex-­‐	
  Homogenize	
  
•  VLP	
  enrichment	
  

•  	
  ExtracCon	
  •  	
  ExtracCon	
  
•  Reverse	
  TranscripCon,	
  
	
  	
  	
  	
  	
  	
  	
  Second	
  Strand	
  Synthesis,	
  
	
  	
  	
  	
  	
  	
  	
  PCR	
  AmplificaCon	
  

•  	
  PCR	
  AmplificaCon/	
  
	
  	
  	
  	
  	
  	
  	
  Library	
  ConstrucCon	
  

•  Library	
  ConstrucCon	
  

•  	
  QC	
   •  QC	
  
•  	
  Sequence	
   •  Sequence	
  

Shotgun	
  
•  Chip	
  

•  Bead	
  Beat-­‐	
  Lyse	
  

•  ExtracCon	
  

•  Library	
  ConstrucCon	
  

•  QC	
  
•  Sequence	
  



RNAseq	
  for	
  Expression	
  Analysis	
  







Preparing	
  Sample	
  for	
  
Transcriptomics	
  
Sequencing	
  (RNAseq):	
  3	
  
steps	
  
	
  
1.)	
  ExtracCon	
  
2.)	
  ribosomal	
  RNA	
  depleCon	
  
3.)	
  Library	
  ConstrucCon	
  
	
  

rRNA	
  DepleCon/Fragment	
  

Quality	
  Control	
  

Pool	
  

Clean	
  Up	
  Size	
  SelecCon	
  

First	
  Strand	
  cDNA	
  	
  

Second	
  Strand	
  cDNA	
  

Clean	
  Up/Size	
  SelecCon	
  

Adenylate	
  3’	
  Ends	
  

Ligate	
  Adpaters	
  

Clean	
  Up/Size	
  SelecCon	
  

PCR	
  AmplficaCon	
  

Clean	
  Up/Size	
  SelecCon	
  

Final	
  Library	
  

Sequence	
  



PCR	
  WorkstaCon	
  
•  VerCcal	
  Laminar	
  air	
  flow	
  
•  Hepa	
  filtraCon	
  system	
  
•  Build	
  in	
  UV	
  	
  
•  Reduce	
  Exposure	
  to	
  RNases	
  



Ribosomal	
  RNA	
  DepleCon	
  and	
  
FragmenCng	
  

•  Ribo	
  Zero:	
  iron	
  core	
  bead	
  with	
  rDNA	
  
conserved	
  sequence	
  hybridized	
  to	
  rRNA	
  in	
  
sample	
  

•  Fragmented	
  150-­‐300bp	
  and	
  primed	
  for	
  
cDNA	
  synthesis	
  

rRNA	
  DepleCon/Fragment	
  

Quality	
  Control	
  

Pool	
  

Clean	
  Up	
  Size	
  SelecCon	
  

First	
  Strand	
  cDNA	
  	
  

Second	
  Strand	
  cDNA	
  

Clean	
  Up/Size	
  SelecCon	
  

Adenylate	
  3’	
  Ends	
  

Ligate	
  Adpaters	
  

Clean	
  Up/Size	
  SelecCon	
  

PCR	
  AmplficaCon	
  

Clean	
  Up/Size	
  SelecCon	
  

Final	
  Library	
  

Sequence	
  





Clean	
  Up-­‐Post	
  FragmentaCon	
  

•  Select	
  for	
  fragments	
  150-­‐300bp	
  
•  Remove	
  leo	
  over	
  components	
  from	
  

rRNA	
  depleCon	
  

rRNA	
  DepleCon/Fragment	
  

Quality	
  Control	
  

Pool	
  

Clean	
  Up	
  Size	
  SelecCon	
  

First	
  Strand	
  cDNA	
  	
  

Second	
  Strand	
  cDNA	
  

Clean	
  Up/Size	
  SelecCon	
  

Adenylate	
  3’	
  Ends	
  

Ligate	
  Adpaters	
  

Clean	
  Up/Size	
  SelecCon	
  

PCR	
  AmplficaCon	
  

Clean	
  Up/Size	
  SelecCon	
  

Final	
  Library	
  

Sequence	
  



First	
  Strand	
  Synthesis	
  

•  Cleaved	
  RNA	
  fragments	
  are	
  copied	
  into	
  
cDNA	
  using	
  RT	
  and	
  random	
  primers	
  

rRNA	
  DepleCon/Fragment	
  

Quality	
  Control	
  

Pool	
  

Clean	
  Up	
  Size	
  SelecCon	
  

First	
  Strand	
  cDNA	
  	
  

Second	
  Strand	
  cDNA	
  

Clean	
  Up/Size	
  SelecCon	
  

Adenylate	
  3’	
  Ends	
  

Ligate	
  Adpaters	
  

Clean	
  Up/Size	
  SelecCon	
  

PCR	
  AmplficaCon	
  

Clean	
  Up/Size	
  SelecCon	
  

Final	
  Library	
  

Sequence	
  



Second	
  Strand	
  Synthesis	
  

•  Double	
  stranded	
  cDNA	
  
•  IncorporaCon	
  of	
  dUTP	
  in	
  SSS	
  quenches	
  the	
  

second	
  strand	
  during	
  amplificaCon	
  

rRNA	
  DepleCon/Fragment	
  

Quality	
  Control	
  

Pool	
  

Clean	
  Up	
  Size	
  SelecCon	
  

First	
  Strand	
  cDNA	
  	
  

Second	
  Strand	
  cDNA	
  

Clean	
  Up/Size	
  SelecCon	
  

Adenylate	
  3’	
  Ends	
  

Ligate	
  Adpaters	
  

Clean	
  Up/Size	
  SelecCon	
  

PCR	
  AmplficaCon	
  

Clean	
  Up/Size	
  SelecCon	
  

Final	
  Library	
  

Sequence	
  

Strand	
  Specificity	
  
	
  

•  Important	
  for	
  looking	
  at	
  overlapping	
  genes	
  
•  IdenCficaCon	
  of	
  anCsense	
  expression	
  



rRNA	
  DepleCon/Fragment	
  

Quality	
  Control	
  

Pool	
  

Clean	
  Up	
  Size	
  SelecCon	
  

First	
  Strand	
  cDNA	
  	
  

Second	
  Strand	
  cDNA	
  

Clean	
  Up/Size	
  SelecCon	
  

Adenylate	
  3’	
  Ends	
  

Ligate	
  Adpaters	
  

Clean	
  Up/Size	
  SelecCon	
  

PCR	
  AmplficaCon	
  

Clean	
  Up/Size	
  SelecCon	
  

Final	
  Library	
  

Sequence	
  

•  Select	
  for	
  fragments	
  150-­‐300bp	
  
•  Remove	
  leo	
  over	
  components	
  from	
  

cDNA	
  synthesis	
  

Clean	
  Up-­‐	
  Post	
  ds	
  cDNA	
  synthesis	
  



A-­‐tailing	
  

•  Single	
  A	
  nucleoCde	
  is	
  added	
  to	
  3’	
  ends	
  of	
  blunt	
  
fragments	
  

•  Single	
  T	
  nucleoCde	
  on	
  the	
  adapter	
  provides	
  
complementary	
  overhang	
  for	
  ligaCng	
  the	
  
adapter	
  

rRNA	
  DepleCon/Fragment	
  

Quality	
  Control	
  

Pool	
  

Clean	
  Up	
  Size	
  SelecCon	
  

First	
  Strand	
  cDNA	
  	
  

Second	
  Strand	
  cDNA	
  

Clean	
  Up/Size	
  SelecCon	
  

Adenylate	
  3’	
  Ends	
  

Ligate	
  Adpaters	
  

Clean	
  Up/Size	
  SelecCon	
  

PCR	
  AmplficaCon	
  

Clean	
  Up/Size	
  SelecCon	
  

Final	
  Library	
  

Sequence	
  



Adapter	
  LigaCon	
  

•  P5	
  and	
  P7	
  are	
  used	
  for	
  
amplificaCon	
  

•  Barcodes	
  are	
  part	
  of	
  adapter	
  

rRNA	
  DepleCon/Fragment	
  

Quality	
  Control	
  

Pool	
  

Clean	
  Up	
  Size	
  SelecCon	
  

First	
  Strand	
  cDNA	
  	
  

Second	
  Strand	
  cDNA	
  

Clean	
  Up/Size	
  SelecCon	
  

Adenylate	
  3’	
  Ends	
  

Ligate	
  Adpaters	
  

Clean	
  Up/Size	
  SelecCon	
  

PCR	
  AmplficaCon	
  

Clean	
  Up/Size	
  SelecCon	
  

Final	
  Library	
  

Sequence	
  



rRNA	
  DepleCon/Fragment	
  

Quality	
  Control	
  

Pool	
  

Clean	
  Up	
  Size	
  SelecCon	
  

First	
  Strand	
  cDNA	
  	
  

Second	
  Strand	
  cDNA	
  

Clean	
  Up/Size	
  SelecCon	
  

Adenylate	
  3’	
  Ends	
  

Ligate	
  Adpaters	
  

Clean	
  Up/Size	
  SelecCon	
  

PCR	
  AmplficaCon	
  

Clean	
  Up/Size	
  SelecCon	
  

Final	
  Library	
  

Sequence	
  

Clean	
  Up-­‐	
  Post	
  Adapter	
  LigaCon	
  

•  Size	
  SelecCon	
  150-­‐300bp	
  
•  Remove	
  unused	
  ligaCon	
  reacCon	
  components,	
  

adapter	
  dimers,	
  and	
  concatemers	
  
	
  



PCR	
  AmplificaCon	
  

•  Polymerase	
  does	
  not	
  incorporate	
  past	
  dUTP.	
  
Second	
  strand	
  is	
  quenched	
  during	
  amplificaCon.	
  

•  Products	
  enriched	
  with	
  PCR	
  amplificaCon.	
  

rRNA	
  DepleCon/Fragment	
  

Quality	
  Control	
  

Pool	
  

Clean	
  Up	
  Size	
  SelecCon	
  

First	
  Strand	
  cDNA	
  	
  

Second	
  Strand	
  cDNA	
  

Clean	
  Up/Size	
  SelecCon	
  

Adenylate	
  3’	
  Ends	
  

Ligate	
  Adpaters	
  

Clean	
  Up/Size	
  SelecCon	
  

PCR	
  AmplficaCon	
  

Clean	
  Up/Size	
  SelecCon	
  

Final	
  Library	
  

Sequence	
  



rRNA	
  DepleCon/Fragment	
  

Quality	
  Control	
  

Pool	
  

Clean	
  Up	
  Size	
  SelecCon	
  

First	
  Strand	
  cDNA	
  	
  

Second	
  Strand	
  cDNA	
  

Clean	
  Up/Size	
  SelecCon	
  

Adenylate	
  3’	
  Ends	
  

Ligate	
  Adpaters	
  

Clean	
  Up/Size	
  SelecCon	
  

PCR	
  AmplficaCon	
  

Clean	
  Up/Size	
  SelecCon	
  

Final	
  Library	
  

Sequence	
  

Clean	
  Up-­‐	
  Post	
  PCR	
  AmplificaCon	
  

•  Remove	
  free	
  barcodes,	
  nucleoCdes	
  
•  Remove	
  adapter	
  dimers	
  



Final	
  Library	
  

rRNA	
  DepleCon/Fragment	
  

Quality	
  Control	
  

Pool	
  

Clean	
  Up	
  Size	
  SelecCon	
  

First	
  Strand	
  cDNA	
  	
  

Second	
  Strand	
  cDNA	
  

Clean	
  Up/Size	
  SelecCon	
  

Adenylate	
  3’	
  Ends	
  

Ligate	
  Adpaters	
  

Clean	
  Up/Size	
  SelecCon	
  

PCR	
  AmplficaCon	
  

Clean	
  Up/Size	
  SelecCon	
  

Final	
  Library	
  

Sequence	
  



Quality Control 
•  Agilent	
  Bioanalzyer	
  2100	
  
•  Microfluidics	
  plasorm	
  for	
  sizing	
  and	
  

quanCficaCon	
  

rRNA	
  DepleCon/Fragment	
  

Quality	
  Control	
  

Pool	
  

Clean	
  Up	
  Size	
  SelecCon	
  

First	
  Strand	
  cDNA	
  	
  

Second	
  Strand	
  cDNA	
  

Clean	
  Up/Size	
  SelecCon	
  

Adenylate	
  3’	
  Ends	
  

Ligate	
  Adpaters	
  

Clean	
  Up/Size	
  SelecCon	
  

PCR	
  AmplficaCon	
  

Clean	
  Up/Size	
  SelecCon	
  

Final	
  Library	
  

Sequence	
  



Pool	
  Final	
  Libraries	
  
	
  	
  

•  Individual	
  Barcode	
  for	
  mulCplexing	
  
•  Pool	
  equal	
  molar	
  concentraCon	
  
•  Sequencing	
  Core	
  requires	
  20ul	
  at	
  2-­‐10nM	
  

rRNA	
  DepleCon/Fragment	
  

Quality	
  Control	
  

Pool	
  

Clean	
  Up	
  Size	
  SelecCon	
  

First	
  Strand	
  cDNA	
  	
  

Second	
  Strand	
  cDNA	
  

Clean	
  Up/Size	
  SelecCon	
  

Adenylate	
  3’	
  Ends	
  

Ligate	
  Adpaters	
  

Clean	
  Up/Size	
  SelecCon	
  

PCR	
  AmplficaCon	
  

Clean	
  Up/Size	
  SelecCon	
  

Final	
  Library	
  

Sequence	
  



Illumina	
  HiSeq	
  2500	
  2X101	
  

rRNA	
  DepleCon/Fragment	
  

Quality	
  Control	
  

Pool	
  

Clean	
  Up	
  Size	
  SelecCon	
  

First	
  Strand	
  cDNA	
  	
  

Second	
  Strand	
  cDNA	
  

Clean	
  Up/Size	
  SelecCon	
  

Adenylate	
  3’	
  Ends	
  

Ligate	
  Adpaters	
  

Clean	
  Up/Size	
  SelecCon	
  

PCR	
  AmplficaCon	
  

Clean	
  Up/Size	
  SelecCon	
  

Final	
  Library	
  

Sequence	
  

(pick	
  your	
  favorite)	
  



How	
  much	
  will	
  my	
  experiment	
  cost?	
  

16S/ITS-­‐	
  $18/sample	
  
Virome-­‐	
  $250/sample	
  
Transcriptomics	
  RNAseq-­‐	
  $390/sample	
  
	
  

Brian	
  Haas,	
  Broad	
  	
  



Thank	
  You!	
  
Handley Lab 
Scott Handley 
Chandni Desai 
Barry Hykes 
Alan Catalano 

Wang Lab 
Dave Wang 
Susan Vernon 

Center for Genome 
Sciences 
Jessica Hoisington-Lopez 

Holtz Lab 
Lori Holtz 
Cindy Rodriquez 

Skip Virgin 


