
I	
  have	
  a	
  list	
  of	
  shRNAs	
  

•  How	
  to	
  appropriately	
  map	
  shRNAs	
  to	
  genes?	
  
•  To	
  maximize	
  on-­‐target	
  effect	
  vs.	
  off-­‐target,	
  require	
  mulDple	
  

shRNAs	
  to	
  hit	
  the	
  same	
  gene	
  

•  hEp://www.broadinsDtute.org/~jdoench/	
  



GENE-­‐E	
  

•  hEp://www.broadinsDtute.org/cancer/soNware/GENE-­‐E/dev/	
  



Open	
  file	
  (no	
  need	
  to	
  import)	
  



Input	
  File	
  (save	
  as	
  .txt	
  from	
  Excel)	
  



Import	
  Data	
  



Run	
  RIGER	
  from	
  Tools	
  menus	
  





RIGER	
  output	
  –	
  noDce	
  new	
  tab	
  



To	
  download	
  Gene	
  Report	
  

Mac: Control-click 
PC: Right-click 



Gene	
  report,	
  opened	
  in	
  Excel	
  



CongratulaDons,	
  now	
  you	
  have	
  
another	
  list!	
  
•  Unbiased	
  means	
  of	
  determining	
  if	
  your	
  list	
  makes	
  sense?	
  
•  GSEA	
  –	
  Gene	
  Set	
  Enrichment	
  Analysis	
  

–  Originally	
  used	
  to	
  analyze	
  microarray	
  data	
  
–  MSigDB	
  is	
  a	
  collecDon	
  of	
  curated	
  gene	
  sets,	
  curated	
  from	
  
pre-­‐exisDng	
  data	
  

•  DAPPLE	
  –	
  Protein-­‐protein	
  interacDon	
  data	
  



GSEA	
  &	
  MSigDB	
  

http://www.broadinstitute.org/gsea/msigdb/index.jsp 



Launch	
  Java	
  version	
  



Requirements	
  

•  Each	
  gene	
  symbol	
  should	
  appear	
  only	
  
once	
  

•  Higher	
  value	
  is	
  best	
  (i.e.	
  rank	
  #1	
  would	
  
be	
  least	
  enriched)	
  
–  Need	
  to	
  invert	
  output	
  of	
  RIGER	
  



Get	
  your	
  extensions	
  right!	
  



Load	
  your	
  file	
  (.rnk)	
  



Run	
  GSEA	
  PreRanked	
  



SelecDon	
  of	
  Gene	
  Sets	
  



Secngs	
  

Permutations: Run with 10 
first, but then 1000 



Output,	
  opens	
  in	
  browser	
  







DAPPLE	
  
	
  
http://www.broadinstitute.org/mpg/dapple/dapple.php 



DAPPLE	
  download	
  when	
  done	
  
running	
  



Output:	
  
Protein	
  Protein	
  interacDons	
  



Off-­‐target	
  Effects	
  
miRkat	
  

•  Input	
  is	
  simple:	
  siRNA/shRNA	
  sequence	
  and	
  the	
  numerical	
  output	
  
of	
  the	
  screen	
  

•  Search	
  for	
  both	
  	
  
–  Enrichment	
  of	
  seeds	
  to	
  match	
  to	
  known	
  microRNA	
  sequences	
  
–  Enrichment	
  of	
  UTRs	
  preferenDally	
  targeted	
  by	
  mulDple	
  seeds	
  

microRNA knockdown 
analysis toolkit* 



7mG AAA… 

Ago2 

RNAi 

Two	
  pathways	
  for	
  shRNA	
  library	
  

Dicer 

7mG AAA… 

Ago 
1,2,3,4 

microRNA 

shRNA siRNA 

Perfect (or near-perfect) match to mRNA causes 
mRNA cleavage and degradation: 18 – 22 nt 

‘Seed’ region binds to 3’UTR to represses 
translation and may destabilize mRNA: 6 – 8 nt 



LKO	
  shRNA	
  anatomy	
  

•  7-­‐mer	
  “seed”	
  sequence	
  binding	
  site,	
  on	
  average,	
  corresponds	
  
to	
  nts	
  11	
  –	
  17	
  of	
  sense	
  strand	
  



CDS 

Two	
  types	
  of	
  microRNA	
  effects	
  to	
  
search	
  for	
  in	
  hit	
  shRNAs	
  

•  Enrichment	
  of	
  UTRs	
  •  Enrichment	
  of	
  seeds	
  

Hit shRNAs: 



AML	
  model:	
  HoxB8-­‐induced	
  
differenDaDon	
  block	
  

5	
  days	
  

David Sykes, Scadden Lab 

+HoxB8 -HoxB8 



Pooled	
  screen	
  with	
  flow	
  cytometry	
  
selecDon	
  of	
  hits	
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3.26e-4Anti-LUC shRNA

4/1.2 million
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0.021shRNA-Library

219/1.1 million

60-­‐fold	
  
enrichment	
  of	
  
GFP+	
  cells	
  in	
  
library-­‐infected	
  
cells	
  

Background:	
  Introduce	
  
nega0ve	
  control	
  shRNA	
  

Screen:	
  Introduce	
  
40,000	
  shRNAs	
  targe0ng	
  
8,000	
  mouse	
  genes	
  

G
FP

 

3.3 cells 
per million 

199 cells 
per million 



Rank Symbol Sequence Unsorted GFP+ 
Fold 

Enrichment 
1 Hoxb8 UAGCCGUAGAAGUUGCCGUUUU! 0.1 2185.1 36490 
2 Traf5 AAUUCUCUCAGAGACCGGUUUU! 1.1 2118.8 1981 
3 LOC434093 GUGUUGACUAUACAGCCGUUUU! 1.0 476.7 482 
4 1810035L1 GUUCUCUCAGCUCACUCGUUUU! 1.2 548.2 444 
5 LOC381842 GUCUCUCUUACUGGUAGGUUUU! 110.8 22186.2 200 
6 Itgax UUCUCUCUGCAUGUGUGGUUUU! 39.3 7362.4 188 
7 Ehbp1 AUUUGGCUUUGUGAUAGCUUUU! 36.3 6245.2 172 
8 Eraf AUUUGGCUAGAAACUGGCUUUU! 39.6 6778.0 171 
9 Oprd1 AAUUUGGUGUACCGGACGUUUU! 8.2 1323.5 161 
10 Slc2a8 AUUCUCUCUUCUACCUGGUUUU! 11.4 1804.0 159 

102 Hoxb8 ACUGCUGGGAAACUUGUCUUUU! 22.6 593.7 26 

HoxB8	
  scores	
  as	
  a	
  clear	
  hit,	
  but	
  few	
  
other	
  genes	
  with	
  mulDple-­‐shRNA	
  hits	
  

Parts per million 

1% of shRNAs defined as hits 



Recurrent	
  sequences	
  towards	
  5’	
  end	
  
of	
  anDsense	
  strand:	
  miRNA	
  seed?	
  

Rank Symbol Sequence Unsorted GFP+ 
Fold 

Enrichment 
1 Hoxb8 UAGCCGUAGAAGUUGCCGUUUU! 0.1 2185.1 36490 
2 Traf5 AAUUCUCUCAGAGACCGGUUUU! 1.1 2118.8 1981 
3 LOC434093 GUGUUGACUAUACAGCCGUUUU! 1.0 476.7 482 
4 1810035L1 GUUCUCUCAGCUCACUCGUUUU! 1.2 548.2 444 
5 LOC381842 GUCUCUCUUACUGGUAGGUUUU! 110.8 22186.2 200 
6 Itgax UUCUCUCUGCAUGUGUGGUUUU! 39.3 7362.4 188 
7 Ehbp1 AUUUGGCUUUGUGAUAGCUUUU! 36.3 6245.2 172 
8 Eraf AUUUGGCUAGAAACUGGCUUUU! 39.6 6778.0 171 
9 Oprd1 AAUUUGGUGUACCGGACGUUUU! 8.2 1323.5 161 
10 Slc2a8 AUUCUCUCUUCUACCUGGUUUU! 11.4 1804.0 159 

102 Hoxb8 ACUGCUGGGAAACUUGUCUUUU! 22.6 593.7 26 

Parts per million 

1% of shRNAs defined as hits 



Where	
  does	
  this	
  enrichment	
  occur?	
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• Find enrichment at 5’ 
end, i.e. miRNA seed 
region 

• Scan all 6mer frames 
of antisense strand 



Match	
  enriched	
  6mers	
  to	
  known	
  
miRNA	
  seed	
  sequences	
  

UCUCCCAACCCUUGUACCAGUG  

GCUUCUCCUGGCUCUCCUCCCUC  

UCUCCCUUCAUGUGCCCAGA  
mir-150 

mir-207 

mir-343 

CUUCUC  10 of 47 appeared in hit list 

UCUCCC    13 of 19 appeared in hit list 

AGUGCA    8 of 25 appeared in hit list 
CAGUGCAAUAGUAUUGUCAAAGC mir-130 
CAGUGCAAUGUUAAAAGGGCAU mir-301 

Discover microRNAs involved in biological phenotype 



Enrichment	
  of	
  UTRs	
  

Myb 
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% of non-hit seeds in 3’UTR 

Distance 
= Score 

CDS 

52% of hit seeds 
match Myb 3’UTR 
21% of non-hit seeds 
match 

Seeds from hits: 



Summary	
  of	
  Sykes	
  AML/HoxB8	
  screen	
  

•  Primary	
  screen	
  properly	
  idenDfied	
  HoxB8	
  but	
  few	
  other	
  
mulDple-­‐shRNA	
  hits	
  

•  Enrichment	
  for	
  shRNAs	
  matching	
  microRNA	
  seeds	
  
–  mir-­‐150	
  

•  Enrichment	
  for	
  target	
  UTRs	
  
–  Myb	
  
–  GSEA	
  to	
  generate	
  hypotheses	
  about	
  addiDonal	
  genes	
  and	
  
pathways	
  



How	
  common	
  is	
  this	
  effect?	
  

	
  
Project	
  “Achilles”	
  	
  

Genome-­‐scale	
  shRNA	
  screens	
  for	
  proliferaDon-­‐essenDal	
  genes	
  in	
  
100s	
  of	
  cancer	
  cell	
  lines	
  

(To	
  idenDfy	
  vulnerabiliDes	
  of	
  parDcular	
  tumor	
  types	
  
based	
  on	
  oncogenes,	
  tumor	
  suppressors,	
  Dssue	
  or	
  origin,	
  etc.)	
  

	
  
	
  
Survey	
  miRNA	
  effects	
  in	
  209	
  genome-­‐scale	
  proliferaDon	
  screens	
  
55,000	
  shRNAs	
  
	
  
	
  
	
  	
   	
  	
  



These	
  proliferaDon	
  screens	
  produce	
  
strong,	
  expected	
  on-­‐target	
  hits	
  

Cell	
  lines	
  with	
  known	
  cancer	
  driver	
  
mutaDons	
  depend	
  on	
  those	
  drivers	
  

Dependency 
Most 

significant 
correlate 

Q-value 

PIK3CA PIK3CA mut 0 
KRAS KRAS mut 0 
BRAF BRAF mut 0 
NRAS NRAS mut 0 
mTOR PIK3CA mut 0 

CTNNB1 APC mut 0.02 

MDM4 TP53 wt 0.48 

Known  
Paradigms 

 
 



How	
  common	
  are	
  miRNA-­‐based	
  effects	
  
in	
  these	
  screens?	
  

% of shRNA hit list with seed enrichment 
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0.2% for randomized hit list 

209 proliferation screens 
Typical screen: ~10% of hits clearly from miRNA seed effects 



How	
  common	
  are	
  the	
  miRNA	
  effects	
  
in	
  other	
  types	
  of	
  screens?	
  

% of hits with seed enrichment 
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2 modifier screens: 
A. Rescue of sensitive cells from a chemotherapeutic 
B. Rescue from hormone-deprivation 

A: 0.3% B: 27% 



So,	
  what	
  to	
  do?	
  

•  miRNA	
  effects	
  can	
  be	
  found	
  in	
  screens	
  
•  Always	
  look	
  for	
  them,	
  subtract	
  them	
  out	
  of	
  your	
  on-­‐target	
  

analysis	
  
•  Use	
  them	
  to	
  discover	
  miRNA-­‐related	
  biology	
  and	
  genes	
  of	
  

interest	
  



Where	
  is	
  analysis	
  headed?	
  

•  Annotate	
  each	
  shRNA	
  to	
  transcript,	
  not	
  to	
  gene	
  

•  Use	
  Ataris/Achilles,	
  qPCR,	
  L1000	
  to	
  annotate	
  effecDve	
  shRNAs	
  


