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FANTOM CAGE : Cap	
  Analysis	
  of	
  Gene	
  Expression	
  

CAGE 

An atlas of human long non-coding RNAs 

with accurate 5’ ends


RNA transcript

Shiraki et al. (2003) PNAS
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FANTOM 5	
  

“The Complete Transcriptional Landscape of Cell Types” 
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FANTOM5 Phase 1 : “Static State Snapshot”	
  

n=975	
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FANTOM5 Phase 2 : “Dynamic Time Courses”	
  

n=854	
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Atlas of Human  
Promoters  

& Enhancers 

An	
  atlas	
  of	
  active	
  enhancers	
  across	
  human	
  cell	
  types	
  and	
  tissues. Andersson et al. Nature (2014)

A	
  promoter-­‐level	
  mammalian	
  expression	
  atlas. Forrest et al. Nature (2014) 
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How many 

non-coding RNAs 
are there? 

The Missing Genes 
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2010
 2011
 2012
 2013
 2014


n=4,662~8,195 

Cabili et al. (2011) Genes Dev 

Human Body Map RNASeq on 24 tissues


n=9,277 

Derrien et al. (2012) Genome Res 

GENCODEv7 from ENCODE/Ensembl/Havana


n=35,585

Hangauer et al. (2013) PLoS Genetics 

127 RNASeq + Published databases


n=5,446 

Jia et al. (2010) RNA 

FANTOM3 cDNA


2015


n=58,648

Iyer et al. (2015) Nature Genetics 

7,256 RNASeq Libraries, mainly TCGA


Unfinished Story : Growing numbers, growing uncertainties 
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Combining FANTOM CAGE with RNASeq 	
  

RNASeq 

CAGE 

An atlas of human long non-coding RNAs 

with accurate 5’ ends


RNA transcript
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RNASeq 

CAGE 
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Building a transcriptome with accurate 5’ end	
  

Ideal RNASeq 
transcript models


CAGE 
transcription start sites
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Building a transcriptome with accurate 5’ end	
  

Reality Noise! 
truncated models


Noise! 
exon painting
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Epigenome 

Info 

3’
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 5’


Building a transcriptome with accurate 5’ end	
  

Reality Noise! 
truncated models


Noise! 
exon painting
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TIEScore : Transcription	
  Initiation	
  Evidence	
  Score	
  

exon exon 

Epigenome 
Roadmap DHS


CAGE + RNASeq 
matched, 70x2 libs 

CAGE 
transcription start sites


RNASeq 
transcript models
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TIEScore : Transcription	
  Initiation	
  Evidence	
  Score	
  

exon exon 

Exon 
E    exon number × length


CAGE 
C    CAGE tag count 


Distance 
D   distance between CAGE and transcript


DHS 
validation rate


? 

? 

? 

correlated?	
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TIEScore : Transcription	
  Initiation	
  Evidence	
  Score	
  

Input 
CAGE + Transcript Properties


Output 
TIEScore


Process 
Transform, Weight and Sum


1 

2 

3 
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TIEScore : Transcription	
  Initiation	
  Evidence	
  Score	
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TIEScore Predicts TSS Validation Rate by DHS	
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TIEScore


exon 

TIEScore : Combining	
  CAGE	
  and	
  Transcript	
  Models	
  

E


FANTOM5 
all major human cell types


~2000 libraries 

Various Sources 
FANTOM5, miTranscriptome, GENCODE, 

ENCODE, HumanBody Map 
+	
  

Transcript Models 
CAGE 

exon 
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exon exon 

TIEScore : Transcription	
  Initiation	
  Evidence	
  Score	
  

C


D


E


FANTOM CAT 
 

FANTOM CAGE Associated Transcriptome


Transcript Models 
CAGE 
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FANTOM CAT : TIEScore	
  Cutoffs	
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FANTOM CAT : TIEScore	
  Cutoffs	
  

63,132

permissive 

13,213

stringent 

23,887

robust 

nu
m
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63,132

permissive 

13,213

stringent 

23,887

robust 

Human BodyMap

Cabili et al. (2011) Genes Dev 

RNASeq on 24 tissues


GENCODE

Derrien et al. (2012) Genome Res 

ENCODE/Ensembl/Havana


miTranscriptome

Iyer et al. (2015) Nature Genetics 

7,256 RNASeq Libraries, mainly TCGA


VS 

FANTOM CAT : versus	
  other	
  lncRNA	
  catalogs	
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FANTOM CAT : versus	
  other	
  lncRNA	
  catalogs	
  

Accuracy Scope 
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FANTOM CAT : versus	
  other	
  lncRNA	
  catalogs	
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FANTOM CAT : versus	
  other	
  lncRNA	
  catalogs	
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FANTOM CAT : versus	
  other	
  lncRNA	
  catalogs	
  

lack of CAGE support 28	
  



FANTOM CAT : versus	
  GENCODEv25	
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FANTOM CAT : versus	
  GENCODEv25	
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lncRNAs 

FANTOM CAT :  5’completeness	
  

Roadmap Epigenome 
Promoter, Enhancer or Dyadic? 

? CAGE 
transcription start sites


lncRNA 
origins 

? 
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lncRNA: origin	
  based	
  on	
  regulatory	
  regions	
  

from enhancers!

ncRNA!ncRNA!ncRNA!

unstable! unstable! stable!

bidirectional, short 
unstable transcripts!

i.e. 2D-eRNAs!

unidirectional, long 
stable transcripts!

i.e. 1D-eRNAs!

standalone	
  

ncRNA!

stable!

canonical lncRNA 
transcripts!

e.g. MALAT1!

What is a gene? 

divergent from mRNA!

mRNA!ncRNA!ncRNA! mRNA!

stable!stable!
unstable! stable!

promoter upstream 
transcripts !

i.e. PROMPTs!

canonical lncRNA 
transcripts!
e.g. ZASF1!
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lncRNA: origin	
  based	
  on	
  regulatory	
  regions	
  

Genomic + Epigenomic Context 
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lncRNA: origin	
  based	
  on	
  Roadmap	
  DHS	
  

minority 
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What is a gene? 
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Expression atlas : Sample	
  Ontology	
  Enrichment	
  Analysis	
  

~2000 samples annotated with ~600 sample ontologies


CL:0000988	
  	
  
hematopoietic	
  cell	
  

CL:0000766	
  
myeloid	
  leukocyte	
  

CL:0000236	
  	
  
B	
  cell	
  

CL:0000084	
  	
  
T	
  cell	
  

CL:0000624	
  	
  
CD4	
  T	
  cell	
  

CL:0000625	
  	
  
CD8	
  T	
  cell	
  

CL:0000542	
  	
  
lymphocyte	
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Expression atlas : Sample	
  Ontology	
  Enrichment	
  Analysis	
  

every gene in every ontology


CL:0000988	
  	
  
hematopoietic	
  cell	
  

CL:0000542	
  	
  
lymphocyte	
  

CL:0000766	
  
myeloid	
  leukocyte	
  

CL:0000236	
  	
  
B	
  cell	
  

CL:0000084	
  	
  
T	
  cell	
  

CL:0000624	
  	
  
CD4	
  T	
  cell	
  

CL:0000625	
  	
  
CD8	
  T	
  cell	
  

? 

enriched

expression?	
   ? 

Gene A	
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Functional evidences  : bring	
  it	
  altogether	
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Web Resource : FANTOM	
  CAT	
  Browser	
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FANTOM CAT : continuously	
  maintained	
  	
  

1. 	
  Regularly	
  Updated	
  
2. 	
  More	
  CAGE	
  (RIKEN)	
  

3. 	
  More	
  Transcript	
  Models	
  (Public)	
  
4. 	
  Poly-­‐A	
  Tail	
  Data	
  Mining	
  From	
  Public	
  RNASeq	
  

5. 	
  Extension	
  to	
  Mouse	
  Genome	
  (MGI)	
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FANTOM CAT : Integration	
  with	
  GENCODE	
  	
  
1.  	
  Direct	
  Integration	
  of	
  FANTOM	
  CAGE	
  peaks	
  

•  Run	
  TIEScore	
  with	
  raw	
  CAGE	
  peaks	
  to	
  existing	
  GENCODE	
  models?	
  
•  Improves	
  existing	
  GENCODE	
  models	
  5’end	
  

2.  	
  Integration	
  of	
  FANTOM	
  CAT	
  models	
  
•  Three	
  levels:	
  	
  

•  1)	
  Novel	
  loci	
  only;	
  2)	
  Novel	
  isoforms	
  of	
  GENCODE	
  loci;	
  3)	
  Revised	
  GENCODE	
  	
  transcripts;	
  
•  Compatibility	
  of	
  deainition	
  of	
  a	
  “gene”	
  in	
  FANTOM	
  CAT	
  vs	
  GENCODE	
  
•  Splicing	
  junctions	
  are	
  only	
  as	
  good	
  as	
  the	
  models	
  themselves	
  à	
  ailter	
  on	
  splicing	
  junction	
  support	
  

from	
  public	
  RNASeq?	
  
•  Compatibility	
  of	
  identiaiers	
  
•  FANTOM	
  CAT	
  is	
  on	
  hg19	
  à	
  liftover	
  to	
  hg38?	
  

3.  Integration	
  of	
  FANTOM	
  CAT	
  annotations	
  
•  Genomic	
  context:	
  divergent,	
  antisense,	
  intron	
  etc	
  
•  Epigenomic	
  context:	
  promoter,	
  enhancer	
  etc	
  
•  Expression	
  Atlas:	
  speciaicity	
  to	
  certain	
  cell-­‐types	
  

4. Mode	
  of	
  collaboration	
  
•  Personnel	
  exchange?	
  	
  
•  Update	
  cycle?	
   40	
  


