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Did	dahadhd	babejendnk	lld	lfiwndjhf	uecsjbn	nlada	da	Msd	nmnjak		
Kaaw>wrqeqfabxhdnryjsowpkqmqnajsuskwmwjwqkqjausnhdhsama	
Anabxvxbchteioaplamanz	thee	feel	haa	mma	naba	fqwrwyr	iorpplkn	
CnbcgsgH	yjtndsy	jjiskspa	pin	bIbzbvzcz	cafrsthanaj	aiaapalakansns	
Msn	shsauam	abx	sj	znxjs	cksdjsla	lna	by	jbb	doidn	sssnd	cn	mdjd	cn	
Cncj	djfd	kejssi	sosdn	nusjs	the	mdjdjdf	neidi	vjccie	hkcbe	ksbbc	skbs	
Skcn	sksksk	nskclss	nsjsjs	sjl	smcdll	dxllc	dlvkkc	dmkslzlz	lxmcx	mx	me	
Sbcdncsd	nsnscn	cssnc	kcdkhd	dnz,m	naw	shdk	hdssbs	mbds	bKsd	s	
Bcgy	cdgsjhfskg	hsapgba	gkjawyuf	glishzdh	fzdhf	z.g	h.zgh	szp	jgshg.	
Bczbv	bavab	jcwasv	jbvsj	earth	dsahls	hvnlanv	dklnbkv	dsnvd	askl	bv	
Jszbkd.jv	xhcj.kzsb	klsdhfpw	uapgfwgef	,jgfdma	sgfmgdsvfa	hgsf	jdaG	
JIskjsdh	KwhslszhPls	hflizhflzdhK.		
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Early	example:	FAS	receptor	(Cheng	et	al,	1994)	
Vidal	lab	(2016):	this	is	widespread	
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Cheng	et	al,	Science,	1994	
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Yang	et	al,	2016	
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CoordinaTon	between		
•  Distant	splicing	events	and	other	types	
•  SNPs	and	splicing	(allele	specific	splicing)	

de	novo	phasing	of	
•  SNPs	
•  CNVs	

Tilgner	et	al,	2017,2015,	2014	

Tilgner	et	al,	2014	

Tilgner	et	al,	2013,	2014	
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The more introns per molecule -> the more novel isoforms 

Introns	in	read	
1								5							9	

N
ov
el
ty
	ra

te
	

K562	cell	line	
454	sequencing	
(Tilgner	et	al,	2013)	



Novel isoforms by complexity of transcript

Tilgner ’13, Sharon’13, Tilgner ‘15 Nov hut2006@med.cornell.edu

The more introns per molecule -> the more novel isoforms 

Introns	in	read	
1								5							9	

N
ov
el
ty
	ra

te
	

Introns	in	read	

			
	0
.1
		0
.2
		0
.3
	

Intron−number

0.
0

0.
2

Fr
ac

tio
n 

of
no

ve
l i

so
fo

rm
s

5 10 15 20 25 30

a

Novel
introns

SLR
ENC

HB
454
PB

0
1−4

5−9
⇒ 10

b

Fraction of wells
(0,0.2] (0.2,0.4] (0.4,0.6] (0.6,0.8] (0.8,1]

0.
2

0.
6

Fr
ac

tio
n 

of
no

ve
l i

so
fo

rm
s

c

0.
0

0.
2

0.
4

0.
6

Coding
gene

Linc−
RNA

Pseudo−
gene

Fr
ac

tio
n 

of
no

ve
l i

so
fo

rm
s

d

43,635,000 43,640,000 43,645,000 43,650,000

CSMM (mouse brain 1) for  Npr2

CSMM (mouse brain 2) for  Npr2

Gencode annotation for Npr2

e
Introns	in	read	

K562	cell	line	
454	sequencing	
(Tilgner	et	al,	2013)	

Mix	of	20	human	organs	
PacBio	

(Sharon	et	al,	2013)	

Human	brain	
SLR-RNA-Seq	
(Tilgner	et	al,	2015)	



Novel combinations of known introns

hut2006@med.cornell.edu

Intron−number

0.
0

0.
2

Fr
ac

tio
n 

of
no

ve
l i

so
fo

rm
s

5 10 15 20 25 30

a

Novel
introns

SLR
ENC

HB
454
PB

0
1−4

5−9
⇒ 10

b

Fraction of wells
(0,0.2] (0.2,0.4] (0.4,0.6] (0.6,0.8] (0.8,1]

0.
2

0.
6

Fr
ac

tio
n 

of
no

ve
l i

so
fo

rm
s

c

0.
0

0.
2

0.
4

0.
6

Coding
gene

Linc−
RNA

Pseudo−
gene

Fr
ac

tio
n 

of
no

ve
l i

so
fo

rm
s

d

43,635,000 43,640,000 43,645,000 43,650,000

CSMM (mouse brain 1) for  Npr2

CSMM (mouse brain 2) for  Npr2

Gencode annotation for Npr2

e

Tilgner*,Jahanbani* et al, NBT 2015  



Novel combinations of known introns

hut2006@med.cornell.edu

Intron−number

0.
0

0.
2

Fr
ac

tio
n 

of
no

ve
l i

so
fo

rm
s

5 10 15 20 25 30

a

Novel
introns

SLR
ENC

HB
454
PB

0
1−4

5−9
⇒ 10

b

Fraction of wells
(0,0.2] (0.2,0.4] (0.4,0.6] (0.6,0.8] (0.8,1]

0.
2

0.
6

Fr
ac

tio
n 

of
no

ve
l i

so
fo

rm
s

c

0.
0

0.
2

0.
4

0.
6

Coding
gene

Linc−
RNA

Pseudo−
gene

Fr
ac

tio
n 

of
no

ve
l i

so
fo

rm
s

d

43,635,000 43,640,000 43,645,000 43,650,000

CSMM (mouse brain 1) for  Npr2

CSMM (mouse brain 2) for  Npr2

Gencode annotation for Npr2

e

Tilgner*,Jahanbani* et al, NBT 2015  



Novel combinations of known introns

hut2006@med.cornell.edu

Intron−number

0.
0

0.
2

Fr
ac

tio
n 

of
no

ve
l i

so
fo

rm
s

5 10 15 20 25 30

a

Novel
introns

SLR
ENC

HB
454
PB

0
1−4

5−9
⇒ 10

b

Fraction of wells
(0,0.2] (0.2,0.4] (0.4,0.6] (0.6,0.8] (0.8,1]

0.
2

0.
6

Fr
ac

tio
n 

of
no

ve
l i

so
fo

rm
s

c

0.
0

0.
2

0.
4

0.
6

Coding
gene

Linc−
RNA

Pseudo−
gene

Fr
ac

tio
n 

of
no

ve
l i

so
fo

rm
s

d

43,635,000 43,640,000 43,645,000 43,650,000

CSMM (mouse brain 1) for  Npr2

CSMM (mouse brain 2) for  Npr2

Gencode annotation for Npr2

e

Tilgner*,Jahanbani* et al, NBT 2015  



Novel combinations of known introns

hut2006@med.cornell.edu

Intron−number

0.
0

0.
2

Fr
ac

tio
n 

of
no

ve
l i

so
fo

rm
s

5 10 15 20 25 30

a

Novel
introns

SLR
ENC

HB
454
PB

0
1−4

5−9
⇒ 10

b

Fraction of wells
(0,0.2] (0.2,0.4] (0.4,0.6] (0.6,0.8] (0.8,1]

0.
2

0.
6

Fr
ac

tio
n 

of
no

ve
l i

so
fo

rm
s

c

0.
0

0.
2

0.
4

0.
6

Coding
gene

Linc−
RNA

Pseudo−
gene

Fr
ac

tio
n 

of
no

ve
l i

so
fo

rm
s

d

43,635,000 43,640,000 43,645,000 43,650,000

CSMM (mouse brain 1) for  Npr2

CSMM (mouse brain 2) for  Npr2

Gencode annotation for Npr2

e

Tilgner*,Jahanbani* et al, NBT 2015  



An enhanced annotation

Tilgner*,Grubert*, Sharon* et al,PNAS, 2014 Trio-4 hut2006@med.cornell.edu

 
 
 

3’	 5’	



An enhanced annotation

Tilgner*,Grubert*, Sharon* et al,PNAS, 2014 Trio-4 hut2006@med.cornell.edu

 
 
 

An	enhanced	annotaTon	

5’	3’	



An enhanced annotation

Tilgner*,Grubert*, Sharon* et al,PNAS, 2014 Trio-5 hut2006@med.cornell.edu

 
 
 

Added transcripts
C
ou
nt

HOP ’78 Both

0
2,
00
0

6,
00
0

Human	
Organ	
Panel	

GM12878	 Both	



An enhanced annotation

Tilgner*,Grubert*, Sharon* et al,PNAS, 2014 hut2006@med.cornell.edu

 
 
 

Illumina data from 
•   GM12878 

New isoforms from  
•  GM12878 
•  Human Organ Panel 
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Human	Organ	Panel	
GM12878	

Enhanced annotation improves isoform quantification 



Allele specific splicing

Tilgner*,Grubert*, Sharon* et al,PNAS, 2014 hut2006@med.cornell.edu

5’	 3’	161,678,000 161,680,000 161,682,000 161,684,000
Allele 1 for FCRLA

Allele 2 for  FCRLA

Gencode annotation for FCRLA
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They	took	the	paper	but	not	the	cover	!	



SLR-RNA-Seq & spISO-Seq 

Tilgner*,Jahanbani* et al, NBT 2015  hut2006@med.cornell.edu

3’	 5’	

•  Keep	1-to-1	correspondence	of	reads	and	RNA	molecules	
•  Get	LOTS	of	reads	with	low	error-rate		
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SLR-RNA-Seq & spISO-Seq 

Tilgner*,Jahanbani* et al, NBT 2015 hut2006@med.cornell.edu

Understanding	brain	isoforms	through	
quanTtaTve	long-read	sequencing	

•  SLR-RNA-Seq,	Nature.	Biotech	2015	

	
•  spISO-Seq,	Genome	Res.	2017	
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MPM: molecules per million (expression measurement for long reads) 

SLR-RNA-Seq	vs.	short	reads	
Tilgner	et	al,		

Nature	Biotech	2015	

spISO-Seq	vs.	short	reads	
Tilgner	et	al,		

Genome	Research,	2017	



SLR-RNA-Seq & spISO-Seq 

Tilgner*,Jahanbani* et al, NBT 2015  hut2006@med.cornell.edu

Π	Ψ	



SLR-RNA-Seq & spISO-Seq 

Tilgner*,Jahanbani* et al, NBT 2015  hut2006@med.cornell.edu

Π	Ψ	

PSI: Percent Spliced In for exons and splice sites (Wang et al, 
2008) 

PI: Percent Isoform values (for long reads) 
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Data at: http://stanford.edu/~htilgner/
2014_humanMouseBrain_SLR_RNA_Seq/index_SLRseq.html 
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Coordination is (largely) reproducible in targeted experiment 
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alternaTve	 exons	 are	 expected	
to	 show	 coordinaTon	 at	 a	 log-
odds-raTo	of	0.5	or	above.		

THE	jusTficaTon	for	isoform	
sequencing	(otherwise	no	
long	reads	needed	…	just	
get	probability	of	isoform	
from	product	of	
probabiliTes	of	variables	
sites)	
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MAPT (tau) splicing is governed by coordination 



BIN1

Tilgner*,Jahanbani* et al, Genome Res 2017  hut2006@med.cornell.edu



BIN1

Tilgner*,Jahanbani* et al, Genome Res 2017  hut2006@med.cornell.edu



BIN1

Tilgner*,Jahanbani* et al, Genome Res 2017  hut2006@med.cornell.edu

~50%	

~30%	

BIN1 (strongly AD associated) splicing is governed by coordination 
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Discovery with Illumina -> limited by fragment size (possibly deeper) 
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•  Enhanced	annotaTons	+	isoform	quant.	
•  Be>er	isoform	discovery	from	short	reads	

•  Novel	lncRNA	genes	
•  Loads	of	novel	lncRNA	isoforms	
•  Many	protein	coding	RNA	isoforms	

Sharon	et	al,	2013,	Tilgner	et	al,	2013,	2015	
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Human brain SLRs
+ PB−CCS + 454

FDR

E
ve

nt
−

co
un

t
0

75
15

0

0.01 0.05 0.1 0.15

a

CDS
CDS

CDS−NEC NEC−NEC
NEC−nov

CDS−nov

nov−nov

cc

0.0 0.4 0.8

D
en

si
ty

IMOPs IMAPs

0
0.

5
1

1.
5

Score of intragenic molecular
 association    (Σ)

d

74,084,000 74,086,000
CSMM (Human brain) for  EXOC7

Gencode annotation for EXOC7

b

 
 
 

CoordinaTon	between		
•  Distant	splicing	events	and	other	types	
•  SNPs	and	splicing	(allele	specific	splicing)	

de	novo	phasing	of	
•  SNPs	
•  CNVs	

Tilgner	et	al,	2017,2015,2014	

Tilgner	et	al,	2014	

Tilgner	et	al,	2013,	2014	
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