
Func%onal	  Genomic	  Screens	  
in	  the	  RNAi	  Pla7orm	  

Broad	  Ins*tute	  of	  MIT	  and	  Harvard	  

Broad 
RNAi 
Platform 



Func%onal	  Genomic	  Screens	  in	  the	  RNAi	  Pla7orm	  
	  
‘Func*onal	  genomics’	  
à	  Gene	  func*on	  in	  context….	  in	  cells	  
	  
“What	  to	  expect	  if	  you	  go	  down	  this	  road”	  
	  
I.  Overview	  	  
II.  Perturba*ons	  
III.  Planning	  a	  screen	  –	  the	  idea	  &	  all	  the	  key	  ingredients	  
IV.  Op*miza*on/Execu*on	  
V.  Data	  analysis	  
VI.  Gene	  func*on,	  puRng	  it	  all	  together:	  “Figures	  3-‐7”	  



What’s	  the	  gene	  that	  causes	  5q-‐	  syndrome?	  



van Den Berghe, Nature, 251, 437-438 (1974) 

Ben Ebert, Todd Golub 
Nature 2008 

What is 5q- syndrome? - myelodisplasia 

5q-‐	  syndrome	  pa%ents:	  
Severe	  anemia	  
• 	  Reduced	  erythroid	  development	  
• 	  Normal	  numbers	  of	  megakaryocyte	  
• 	  Hypolobated	  micromegakaryoctes	  
• 	  Normal/elevated	  platelets	  
• 	  Normal/low	  neutrophils	  
• Occasional	  progression	  to	  AML	  

Dele%on	  (1.5Mb)	  

40	  genes,	  which	  one?	  
(Haploinsufficiency)	  

A	  40-‐year	  hunt	  among	  40	  genes	  
….but	  no	  luck	  
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RPS14 
Ribosomal subunit protein 

A key to screen design:  a model for disease 
Hemopoetic progenitor differentiation - increased megakaryocyte/erythrocyte ratio 

Differentiate hemopoetic progenitor cells while suppressing a candidate gene 

Ben Ebert, Todd Golub 
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Which	  host	  cell	  genes	  restrict	  flu	  infec%on?	  



Knock down genes and monitor flu infection levels in U2OS cells 

IFIT3 was noted as an interferon-induced gene. 
 
Follow-up shows IFITM family are all flu restriction factors. 

Brass,  
Farzan, 
Elledge 
Cell 2009 
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Systematic gene function discovery: 
 - Perturb each gene and look for change in cell behavior 
 - Knockdown, overexpression, re-engineer, etc.  



Func*onal	  genomics	  
	  à	  Probe	  func*on	  by	  perturbing	  gene	  ac*vity	  in	  cells	  

It	  can	  be	  complicated…	  
-‐	  Mul*ple	  func*ons	  per	  gene	  
-‐	  Mul*ple	  isoforms,	  protein	  modifica*ons	  
-‐	  Context-‐dependence	  func*ons:	  
	  	  	  	  	  	  cell	  type,	  cell	  state,	  environment	  



Cell-based loss-of-function screens 
Human and mouse 

What happens	

to the cells?	


Need: 

Good tissue culture 
model 

Reagents to perturb 
every gene 

Good readouts of  
cell state 



•  Define	  ques*on:	  	  “Find	  genes	  that	  do	  XYZ”	  
•  Define	  biological	  model	  system	  
•  Define	  assays	  to	  read	  out	  phenotypes	  of	  interest	  

Screen	  projects	  

•  Op*mize	  model	  system,	  assay(s);	  posi*ve	  and	  nega*ve	  controls	  
•  Select	  gene	  set	  to	  interrogate	  	  
•  Execute	  pilot	  and	  primary	  screen	  –	  select	  hits	  

Define	  project	  

Primary	  screen	  –	  feasibility	  and	  execu%on	  

•  Confirm	  assay	  result	  
•  Confirm	  target	  gene	  specificity	  –	  mul*ple	  RNAi	  reagents,	  target	  KD	  	  
•  Elaborate	  the	  biological	  effects,	  	  

e.g.	  mechanism	  generality/context,	  biomedical	  sig?	  

Follow	  up	  on	  interes%ng	  genes/pathways	  

What happens	

to the cells?	


Need: 

Good tissue culture 
model 

Reagents to perturb 
every gene 

Good readouts of  
cell state 

The	  screen	  is	  just	  one	  early	  step	  of	  a	  project	  



Gene	  perturba5ons	  

Genome-‐scale	  in	  mammalian	  cells	  
• RNA	  interference	  –	  last	  10	  years	  
• Overexpression	  –	  possible	  for	  decades,	  rare	  in	  prac*ce	  
•  Inser%onal	  mutagenesis	  in	  haploid	  cells	  –	  a	  few	  years	  
• Other	  strategies:	  (scale	  varies)	  

	  Genome	  engineering:	  	  Zn	  fingers,	  TALENS,	  CRIPR	  
	  miRNA	  sponges,	  an%sense	  



Disease	  models	  
•  Cancer	  

–  Barbie,	  D.	  A.,	  P.	  Tamayo,	  et	  al.	  (2009).	  "Systema*c	  RNA	  interference	  reveals	  that	  
oncogenic	  KRAS-‐driven	  cancers	  require	  TBK1."	  Nature	  462:	  108-‐12.	  

–  Boehm,	  J.	  S.,	  J.	  J.	  Zhao,	  et	  al.	  (2007).	  "Integra*ve	  genomic	  approaches	  iden*fy	  IKBKE	  as	  a	  
breast	  cancer	  oncogene."	  Cell	  129:	  1065-‐79.	  

•  Anemia	  
–  Ebert,	  B.	  L.,	  J.	  Pretz,	  et	  al.	  (2008).	  "Iden*fica*on	  of	  RPS14	  as	  a	  5q-‐	  syndrome	  gene	  by	  

RNA	  interference	  screen."	  Nature	  451:	  335-‐9.	  
•  Osteoporosis	  

–  Jones,	  D.	  C.,	  M.	  N.	  Wein,	  et	  al.	  (2006).	  "Regula*on	  of	  adult	  bone	  mass	  by	  the	  zinc	  finger	  
adapter	  protein	  Schnurri-‐3."	  Science	  312:	  1223-‐7.	  

•  Mitochondrial	  Dysfunc*on	  
–  Pagliarini,	  D.	  J.,	  S.	  E.	  Calvo,	  et	  al.	  (2008).	  "A	  mitochondrial	  protein	  compendium	  

elucidates	  complex	  I	  disease	  biology."	  Cell	  134:	  112-‐23.	  
•  Immunology	  and	  systems	  immunology	  

–  Amit,	  I.,	  M.	  Garber,	  et	  al.	  (2009).	  "Unbiased	  reconstruc*on	  of	  a	  mammalian	  
transcrip*onal	  network	  media*ng	  pathogen	  responses."	  Science	  326(5950):	  257-‐63.	  

–  Oberdoerffer,	  S.,	  L.	  F.	  Moita,	  et	  al.	  (2008).	  "Regula*on	  of	  CD45	  alterna*ve	  splicing	  by	  
heterogeneous	  ribonucleoprotein,	  hnRNPLL."	  Science	  321:	  686-‐91.	  

	  



Challenges	  to	  the	  systema5c	  func5onal	  	  
annota5on	  of	  the	  genome	  

Gene5c	  perturba5ons	  issues,	  for	  example	  RNAi:	  	  
• 	  Delivery	  –	  efficiency,	  effects	  

• 	  Gene	  knockdown	  effec5veness	  
• 	  Specificity:	  Off-‐target,	  non-‐specific	  effects	  
• 	  Follow-‐up	  boLleneck	  
• 	  Cost	  

Cell-‐based	  screening:	  
• 	  Tissue	  culture	  model,	  phenotypic	  assay	  

Partly	  an	  ‘art’	  –	  experience	  helps	  a	  lot!	  
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•  Genomic	  screening	  projects	  –	  fct.	  genomics	  

exper5se	  

•  R	  &	  D	  in	  func5onal	  genomics	  tools,	  strategies	  
	  
•  Infrastructure	  for	  maintaining,	  distribu5ng,	  

employing	  gene	  perturba5on	  reagents	  

•  Libraries,	  reagents	  crea5on	  

RNAi	  Pla7orm	  –	  what	  do	  we	  do? 
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•  How	  to	  use	  gene	  perturba*on	  tools	  for	  non-‐screen	  based	  projects	  
•  Projects	  to	  inves*gate	  new	  strategies,	  technologies	  for	  fct.	  genomics	  
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