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Did dahadhd babejendnk lld Ifiwndjhf uecsjbn nlada da Msd nmnjak
Kaawttwrgegfabxhdnryjsowpkgmagnajsuskwmwjwqgkgjausnhdhsama
Anabxvxbchteioaplamanz thee feel haa mma naba fqwrwyr iorpplkn
Cnbcgsgtf yjtndsy jjiskspa pin bfbbzbvzcz cafrsthanaj aiaapalakansns
Msn shsauam abx sj znxjs cksdjsla Ina by jbb doidn sssnd cn mdjd cn
Cncj djfd kejssi sosdn nusjs the mdjdjdf neidi vjccie hkcbe ksbbc skbs
Skcn sksksk nskclss nsjsjs sjl smedll dxllc dlvkkc dmkslzlz Ixmecx mx me
Sbcdncsd nsnscn cssnc kedkhd dnz,m naw shdk hdssbs mbds bfksd s
Bcgy cdgsjhfskg hsapgba gkjawyuf glishzdh fzdhf z.g h.zgh szp jgshg.
Bczbv bavab jcwasv jbvsj earth dsahls hvnlanv dklinbkv dsnvd askl bv
Jszbkd.jv xhcj.kzsb klsdhfpw uapgfwgef ,jgfdma sgfmgdsvfa hgsf jdaG
Jfbskjsdh fkwhslszhfjls hflizhflzdhfk.
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‘earthldsahls hvnlanv dkinbkv dsnvd askl bv
Jszbkd.jv xhcj.kzsb klsdhfpw uapgfwgef ,jgfdma sgfmgdsvfa hgsf jdaG
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Monday, I'll have
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Monday, I'll have

Monday, I'll have

Early example: FAS receptor (Cheng et al, 1994)
Vidal lab (2016): this is widespread
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sequencing depth vs read length
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The non-coding genome
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The non-coding genome

Extreme numbers of novel isoforms in the non-coding genome

novelty by category
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Novel isoforms by complexity of transcript

Novelty rate

The more introns per molecule -> the more novel isoforms
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The more introns per molecule -> the more novel isoforms
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CSMM (mouse brain 1) for Npr2
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CSMM (mouse brain 1) for Npr2
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CSMM (mouse brain 1) for Npr2

s

CSMM (mouse brain 2) for Npr2

Gencode annotation for Npr2

1 EER1 BB =T

i EEEd Bii = B

ma i1 i - ui
1 8 &1 §11

- T = E

it u Ei

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



67,691,000] 67,692,000 67,693,000 67,694,000

3 ’ CSMMs with novel intron-structure attributed to ACD 5 ’
Molecule_4 HEE—EE— I -—————EE———--—E—
Molecule_6 HEE—E—— I ——————-——8—-—- -

Gencode version 15 annotation for ACD

aco w1 —
aco w1 B —

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



67,691,000] 67,692,000 67,693,000 67,694,000
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An enhanced annotation

New isoforms from lllumina data from
« GM12878 « GM12878

* Human Organ Panel
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An enhanced annotation

New isoforms from Illumina data from
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New isoforms from lllumina data from
« GM12878 « GM12878

 Human Organ Panel

Cufflinks quantification

—— Human Organ Panel
o | — GM12878
o
>
0
B 10
5O
o
L
AN
o
O_

0 1e-04 001 1 2 3 4 5 6 7 8 9 10

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



Enhanced annotation improves isoform quantification
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They took the paper but not the cover ®
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A3’ 5’

,691,000| 67,692,000 | 67,693,000| 67,694,000 |

SMMs with ng M on-structure attributed to ACD
Molecule_4
Molecule_6 .
Gencode 15 annotation for ACD
ACD
ACD ﬁ

* 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 & splSO-Seq
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Understanding brain isoforms through
guantitative long-read sequencing

 SLR-RNA-Seq, Nature. Biotech 2015

* splSO-Seq, Genome Res. 2017

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



SLR-RNA-Seq

AA.A polyA-selected

RNA
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SLR-RNA-Seq

polyA-selected

. AA.A ENA
AA. A DNA-RNA hybrid
TT. ="

with primers
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SLR-RNA-Seq

AA.A

AA.A

TT. T

Tilgner*,Jahanbani* et al, NBT 2015

TT.Te="

polyA-selected
RNA

DNA-RNA hybrid
with primers

sscDNA
with primers
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SLR-RNA-Seq

polyA-selected
’ AA.A BRNA

AA A DNA-RNA hybrid
— TL.Te="" with primers

TT Temm sscDNA
- ! - with primers

pools of few
sscDNA-
molecules
per well

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



SLR-RNA-Seq

AA.A

AA.A

TT. T

Tilgner*,Jahanbani* et al, NBT 2015

TT.Te="

polyA-selected
RNA
DNA-RNA hybrid
with primers

sscDNA
with primers

pools of few
sscDNA-
molecules
per well

amplified

dscDNA-
pools

(per well)
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SLR-RNA-Seq

AA.A

AA.A

TT. T

Tilgner*,Jahanbani* et al, NBT 2015

TT.Te="

polyA-selected
RNA
DNA-RNA hybrid
with primers

sscDNA
with primers

pools of few
sscDNA-
molecules
per well

amplified

dscDNA-
pools

(per well)

well-specific
(barcoded)
fragments
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SLR-RNA-Seq

polyA-selected
’ AA.A BRNA
AA. A DNA-RNA hybrid
— ! TL.Te="" with primers
S sscDNA
- ! T with primers

pools of few
sscDNA-
molecules
per well

l ¢
amplified
. dscDNA-
pools
(per well)
{ 4
- - =4

(barcoded)
fragments

| | e e Well-specific

molecule
assembly
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Spearman p:0.887 (p<2.2e-16)

10,000

1

2 3 4

100

1

L

10g10(FPKM + 1)

0

1

Molecules per million (spISO-seq)

61 2 3 4 1 100 10
|Og1o(MPM + 1 ) STAR-CUFFLINKS FPKM

-SLR-RNA-Seq vs. short reads spISO-Seq vs. short reads
Tilgner et al, Tilgner et al,
Nature Biotech 2015 Genome Research, 2017

MPM: molecules per million (expression measurement for long reads)
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SLR-RNA-Seq & splSO-Seq

Mouse 2

0.0 0.4 0.8
Mouse 1
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SLR-RNA-Seq & splSO-Seq

), [

QN V)
) )
n 7))
> -
@) @)
= =
0.0 0.4 0.8
Mouse 1 Mouse 1
PSI: Percent Spliced In for exons and splice sites (Wang et al,

2008)
Pl: Percent Isoform values (for long reads)
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SLR-RNA-Seq & splSO-Seq

W [

Mouse 2
Mouse 2

0.0 04 0.8
Mouse 1 Mouse 1

Data at: http://stanford.edu/~htilgner/
2014 _humanMouseBrain_SLR_RNA Seq/index_SLRseq.html
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74,084,000 74,086,000

CSMM (Human brain) for EXOC7

Gencode annotation for EXOC7
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74,084,000 74,086,000

CSMM (Human braln for EXOC7
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74,084,000 74,086,000

CSMM (Human brain) for EXOC7

50% of all
molecules

30% of all
molecules
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EXOC7: SLR-RNA-Seq
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Coordination is (largely) reproducible in targeted experiment

EXOC7: SLR-RNA-Seq EXOC?7: targeted Pacbio
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Genes with co-
ordinated pairs

0.05
FDR

150

1

Gene number

0O 50

L

Benjamini-Yekutieli
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40%  60%

20%

0

0 500 1,000
Minimal number of molecules

for exon pair to be considered

% of genes with signif. pair
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0
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60%

40%

20%

0

0 500 1,000
Minimal number of molecules

for exon pair to be considered

% of genes with signif. pair

23.5%-59.3% (95% Cl) of genes
with multiple distant
alternative exons are expected
to show coordination at a log-
odds-ratio of 0.5 or above.

v

THE justification for isoform
sequencing (otherwise no
long reads needed ... just
get probability of isoform
from product of
probabilities of variables
sites)

Tilgner*,Jahanbani* et al, Genome Res 2017
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Comparability of coordi-
hation quantification

Spearman:0.96

8 1c—> 1 Pearson:0.97
%
B O
o
%)
o-
N S
—10 0O 10
LR-RNA-5€eq
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74,084,000 74,086,000

CSMM (Human brain) for EXOC7
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Both exons
entirely coding
(CDS - CDS)

Both exons new

One exon coding
4
+ one new

not entirely coding exon

+ ohe new exon
Both exons not

CDS — non-coding entirely coding

A phased brain proteome ?

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



Both exons
entirely coding
(CDS - CDS)

Tilgner NBT ’15, Tilgner ‘17

Perce ntage

- Percent of pairs with non-
coding part

*k*k —I

40

20

O- -
Coordinated Non-coordinated
exon pair exon pair
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SLR-RNA-Seq & splSO-Seq
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== Other exons

o

Synthetic IOW reads for MAPT — coordinated pair (according to linked reads
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DynthetIC IOi readS for MAPT =— coordinated pair (according to linked reads) = other exons
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MAPT (tau) splicing is governed by coordination
DynthetIC IOi readS for MAPT =— coordinated pair (according to linked reads) = other exons
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S nthetic |Ong reads for BIN = coordinated pair (according to linked reads) = other exons
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Synthetic Iong pads for BIIg1

- cofifdinaflld pair (according to linked reads) == other exons
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BIN1 (strongly AD associated) splicing is governed by coordination

= other exons

Synthetic long rgads for Bl — coffdinaflld pair (according to linked reads)
Eil
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il
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exonic position supported by intronic position supported by

|
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tion for BIN1
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Distance between
coordinated exon pairs
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Distance between
coordinated exon pairs
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Discovery with lllumina -> limited by fragment size (possibly deeper)

| Distance between
coordinated exon pairs
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ynthetlc long reads for CALD1
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45,902,0001 45,904,000 45,906,000 45,908,000

: de novo phasing of
ex : * SNPs
TCA% T ° CNVS
SE=88 === i :
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H
.
bl
i
|
Coordination between riigner et al, 2017,2015,2014 ™ p T
« Distant splicing events and other types “’?n j MF{,
* SNPs and splicing (allele specific splicing) et e e Tilgner et al, 2014
introns per transcript Cufflinks quantification .
; Cod
—— short read (anno) — HC oding gens.
® | — long read (anno) @ | — 78 - - \ — Coding gene
EOI 5O gg l{ \ - kllgl gene
Ev %g’ @ l \
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* Enhanced annotations + isoform quant.

e Better isoform discovery from short reads
Tilgner et al, 2013, 2014

* Loads of novel IncRNA isoforms
 Many protein coding RNA isoforms

Sharon et al, 2013, Tilgner et al, 2013, 2015
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