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FANTOM CAGE : Cap Analysis of Gene Expression

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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FANTOMS Phase 1 : “Static State Snapshot”

Primary cells Tissues Cell lines
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FANTOMS Phase 2 : “Dynamic Time Courses”
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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?




Unfinished Story : Growing numbers, growing uncertainties

n=58,648
lyer et al. (2015) Nature Genetics
7,256 RNASeq Libraries, mainly TCGA
n=35,585

Hangauer et al. (2013) PLoS Genetics - -
127 RNASeq + Published databases

n=9,277

Derrien et al. (2012) Genome Res
GENCODEv7 from ENCODE/Ensembl/Havana

n=4,662~8,195
Cabili et al. (2011) Genes Dev
Human Body Map RNASeq on 24 tissues

n=5,446
Jia et al. (2010) RNA
FANTOM3 cDNA




Combining FANTOM CAGE with RNASeq

accurate 5’ ends

RNA transcript 3’
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Building a transcriptome with accurate 5’ end

3’

CAGE

transcription start sites

RNASeq




Building a transcriptome with accurate 5’ end

3’

Noise!
exon painting
Noise!

truncated models
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Building a transcriptome with accurate 5’ end

Epigenome
Info
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Noise!
exon painting
Noise!

truncated models
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TIEScore : Transcription Initiation Evidence Score

Epigenome CAGE + RNASeq
Roadmap DHS matched, 70x2 libs

CAGLE

transcription start sites

RNASeq

transcript models
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TIEScore : Transcription Initiation Evidence Score
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TIEScore : Transcription Initiation Evidence Score

o : C = CAGE cluster expression level (cpm) :
i CAGE :

i criterion :

I “ p ut E E =exon numtiar x total exon length (kb) E

E ‘ Exon criterion K E

CAGE + Transcript Properties oAl ey E

: Distance :

: criterion :

i s

i D =distance from CAGE cluster to transcript (nt) i

g P ro G e S S == Transformation  --3 r=- Weighting -1
with TSS validation rate by I} performance (ROC-AUC)

TranSform, We|ght aﬂd Sum Roadmap DHS E : against gold standards ;

O t t TIEScore as an empirical estimation of

TSS validation rate by DHS
TIEScore

1 1
1 1
1 1
based on linear regression i 1 basedonbenchmark i
1 ]
1 1

TIEScore =w, f(E) + w,f (D) + w_f (C)
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Weighting

Transformation

Performance

Exon criterion (E)

CAGE criterion (C)
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performance
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rank of combinations (n=861) of relative weights,

sorted by TIEScore performance (ROC-AUC)

@ actual TSS




TIEScore : Transcription Initiation Evidence Score

TIEScore as an empirical estimation of
TSS validation rate by DHS

TIEScore = w f(E) + w,f(D) + w_f(C)

( ) 5 45 log,E + 33.25 Exon criterion (E)
=iz Distance criterion (D)
D) = -1.19 VD + 85.30

=0.35

C

f(C) = 6.6310g,C + 77.89
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f(D

CAGE criterion (C)



TIEScore Predicts TSS Validation Rate by DHS
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TIEScore : Combining CAGE and Transcript Models

TIEScore
FANTOMS Various Sources

all major human cell types FANTOMS, miTranscriptome, GENCODE,
~2000 libraries ENCODE, HumanBody Map

Transcript Models
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TIEScore : Transcription Initiation Evidence Score

" FANTOM CAT

8 FANTOM CAGE Associated Transcriptome )

Transcript Models

BT - - -
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FANTOM CAT : versus other IncRNA catalogs

miTranscriptome

lyer et al. (20159) Nature Genetics
7,256 RNASeq Libraries, mainly TCGA

GENCODE

Derrien et al. (2012) Genome Res
ENCODE/Ensembl/Havana

Human BodyMap

Cabili et al. (2011) Genes Dev
RNASeq on 24 tissues

23,3887

robust

13,213

stringent
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FANTOM CAT : versus other IncRNA catalogs
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FANTOM CAT : versus other IncRNA catalogs
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FANTOM CAT : versus other IncRNA catalogs

FANTOM _ fowedstand e
CAGE reverse strand } —r‘—r—
FANTOM
CAT
GENCODE lincRNA, ENSG00000266961.1 truncated lincRNA, ENSGOO(1(10260302.1
v19 < models P -

lack of CAGE support
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number of GENCODEvV25 genes (count)

FANTOM CAT : versus GENCODEv25

10,000 15,000 20,000

5,000

GENCODEv25
gene classes

20,000 30,000 40,000 50,000

number of novel FANTOM CAT genes (count)
10,000

FANTOM CAT
gene classes

Levels of support in FANTOM CAT

. CAT genes, above stringent cutoff
. CAT genes, between robust and stringent cutoffs
. CAT genes, between permissive and robust cutoffs

. below permissive cutoff
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FANTOM CAT : versus GENCODEv25

GENCODEV25 transcripts with
5’end revised by FANTOM CAT

IncRNA protein coding pseudogene

total { 26,578 100% i 145926100% i 17,616 100%
=0bp | 16914 64% i 128207 88% i 8,111 46%
>10bp | 12,812 48% i 93788 64% :: 7,376 42%
=50bp | 7,061 27% ii 45343 31% i 4867 28%
=100bp i 5090 19% ii 29,713 20% || 8,456 20%
>250bp | 3,033 11% i 14963 10% ii: 1970 11%

o) | mean | | mean | | mean |
o — 135.9 95.1 181.7
> o
=
)
S w©
© 8
o

I I I I I I I I I
-100 0 100 -100 O 100 -100 O 100

relative modified 5’end position (bp)
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FANTOM CAT : 5’completeness

Roadmap Epigenome
Promoter, Enhancer or Dyadic?
IncRNA

origins

CAGL

transcription start sites
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IncRNA: origin based on regulatory regions

standalone

from enhancers

[ (I I
i ncRNA FCRNA  mRNA E i ncRNA i i ”CRE‘: _”_‘:'ENA ncRNA i
ey &) (30 —>
: unstable StaPle stable stable : : stable : : unstable unstable stable :
I I 1 I
promoter upstream canonical IncBRNA canonical IncRNA bidirectional, short unidirectional, long
transcripts transcripts transcripts unstable transcripts stable transcripts
i.e. PROMPTs e.g. ZASF1 e.g. MALAT1 i.e. 2D-eRNAs i.e. 1D-eRNAs

What is a gene?




IncRNA: origin based on regulatory regions

Promoter DHS
n=8,037

Enhancer DHS
n=9,339
Dyadic DHS
n=1,947

No DHS
n=8,596

EDE TN KN ETE

1,048
4,331

Intergenic
n=13,105

Categorization of IncRNAs

genomic context

522

902

Divergent
from mRNA
n=8,187

224

216

1,148 2,215

Antisense
to mRNA
n=2,964

261

161

Sense
intronic
n=3,663

1X81u09 diwousbida

IncRNA
categories

intergenic
. p-IncRNA

divergent
. p-IncRNA

. e-IncRNA

other
IncBRNA

Genomic + Epigenomic Context
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IncRNA: origin based on Roadmap DHS

’ -----------
_ divergent p-IncRNA : intergenic p-IncRNA e-IncRNA
5 & TSS? TSS TSS TSS I T‘Sﬁi TSS : T‘E?l TSS
%) i
s O L A ;
S Q| mise 1 misc. | |¢__misc.
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Expression atlas : Sample Ontology Enrichment Analysis

CL:0000624 CL:0000625
CD4 T cell CD8 T cell

CL:0000236
B cell

CL:0000084
T cell

CL:0000542 CL:0000766
lymphocyte myeloid leukocyte

CL:0000988
hematopoietic cell



Expression atlas : Sample Ontology Enrichment Analysis

CL:0000624 CL:0000625
CD4 T cell CD8 T cell

CL:0000236
B cell

Gene A Q ‘

enriched CL:0000988
exp ression”? hematopoietic cell

CL:0000084
T cell

‘ CL:0000542 CL:0000766
!lymphocyte myeloid leukocyte

___________________________________________________________________________________________________________



Functional evidences : bring it altogether

conserved
TIR
n=13,228

n=27,919
s 8,744"\\ conserved
'¢' ‘s‘ exon
R % n=13,896
q A
y | | |
HE w 3
[ | — ~ | |
[] (@) | © 1
| o w 1
1 [ |
| [ |
/|
‘ ' n »
‘\ '/ implicated
‘ ' | ] [ ]
s\ 409 /' in GWAS traits
RS s’ n=1,970

all IncRNA genes
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Web Resource : FANTOM CAT Browser

=~ Online Interactive Resources
‘e  http://fantom.gsc.riken.jp/cat/

Diseases enrichment Cell Types
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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 definition of a “gene” in FANTOM CAT vs GENCODE

. Splicing junctions are only as good as the models themselves = filter on splicing junction support
from public RNASeq?

. Compatibility of identifiers

. FANTOM CAT is on hg19 - liftover to hg38?

3. Integration of FANTOM CAT annotations

. Genomic context: divergent, antisense, intron etc
. Epigenomic context: promoter, enhancer etc
. Expression Atlas: specificity to certain cell-types

4. Mode of collaboration

. Personnel exchange?

. Update cycle? 40



