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Next-Generation Sequencing

NGS!

* Paradigm shift in genomics and biology
* Initially, whole genome sequencing
# Currently, several applications of NGS:

* Whole-genome and exome sequencing (WGS, WES); targeted re-
sequencing

* Functional genomics:

* RNA-seq; CLIP-seq; ChIP-seq; chromosome conformation
capture; bisulfite sequencing, etc.
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Schematic of a NGS

experiment
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Sample Experimental

Schematic of a NGS collosiion design

experiment

Sequencing

Raw reads
(FASTA, FASTQ)

* Experimental design

Mapped reads
(BAM, CRAM, MRF)

Management

Data reduction

High- Ievel summaries
(VCF, Peaks, RPKM)

2 =

Downstream analyses

(differential expression,
novel TARs, regulatory

networks, ...)
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Schematic of a NGS Toson design
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RNA-Seq

* Application of next-generation sequencing to the study of transcriptomes:
#  expression measurements:
*  gene level
*  exon level
*  transcript level
* alternative splicing
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RNA-Seq

+ Application of next-generation sequencing to the study of transcriptomes:

#  expression measurements:

KX

<

<

*  gene level

* exon level

*  transcript level
alternative splicing
transcript reconstruction

discovery of novel expressed regions
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Mapped Read Format (MRF)
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Mapped Read Format (MRF)

* As any next-generation sequencing

project, large datasets are ="
generated, along with issues in: —/ T reads

Reference

* storing

¥ processing

* sharing

Habegger,* Lukas, Andrea Sboner®, et al. Bioinformatics 2011 27(2);281-3
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Mapped Read Format (MRF)

* As any next-generation sequencing

project, large datasets are ="
generated, along with issues in: —/ T reads

Reference

* storing

i pTOCBSSlTlg AlignmentBlocks

chr9:+:431:480:1:50|chr9:+:945:994:1:50

* sharing

Habegger,* Lukas, Andrea Sboner®, et al. Bioinformatics 2011 27(2);281-3
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Mapped Read Format (MRF)

* As any next-generation sequencing
project, large datasets are e

generated, along with issues in: — T eads

Reference |

* storing

¥ processing

AlignmentBlocks
chr9:+:431:480:1:50|chr9:4+:945:994:1:50

* sharing

* Sequence information potentially
includes data sufficient to identity
and “genotype” an individual:

* privacy issues

Habegger,* Lukas, Andrea Sboner®, et al. Bioinformatics 2011 27(2);281-3
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Mapped Read Format (MRF)

* As any next-generation sequencing

project, large datasets are ="
generated, along with issues in: _/ EE  eads

Reference |

* storing

¥ processing

AlignmentBlocks
chr9:+4+:431:480:1:50|chr9:4+:9245:994:1:50

S arlng AlignmentBlocks ID ID Sequences
chrl:+:2001:2050:1:50 14----}»1 GTCGTGTCTGTATGTGTA...
chr5:-:5061:5110:1:50 2+ »2 ATGGCTCGTTGGGATAAT...

O 0 G chr3:+:7424:7473:1:50 3+ *3 CTCTGGTCTGTTTGTACC...
* Sequence information potentially

includes data sufficient to identify %/ e E/ Tk
and “genotype” an individual: |

* privacy issues

Habegger,* Lukas, Andrea Sboner®, et al. Bioinformatics 2011 27(2);281-3

© Andrea Sboner - NYU - 2012.05.23



ATTGTGGT —ACTGT

,——Am% 4;;{5176 — 2 CGCTTCG
2
2
P
A

Purpose Program

Alignment
_|_

CONVersion

Quantification| mrfQuantifier

Visualization

Time to
process

45 seconds

File Sizes

(uncompressed)

Gene expression
values: 3.5Mb

GENCODE composite gene
models (~22,000 )

Habegger,* Lukas, Andrea Sboner®, et al. Bioinformatics 2011 27(2);281-3
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What are chimeric
transcripts?
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transcripts?

* Transcripts that are not co-linear
in the genome space
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What are chimeric
transcripts?

* Transcripts that are not co-linear
in the genome space

* They can arise from:

* genomic rearrangements, 1.e.
gene fusions

© Andrea Sboner - NYU -2012.05.23
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What are chimeric
transcripts?

* Transcripts that are not co-linear
in the genome space

* They can arise from:

* genomic rearrangements, 1.e.
gene fusions

* post-transcriptional events,
i.e. trans-splicing

© Andrea Sboner - NYU -2012.05.23

Single-chromosome abnormalities  Two-chromosome abnormalities
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fusions) important?

‘ Philadelphia Chy.

BCR-ABL gene fusion:
schematic and FISH




Why are they (gene

fusions) important?

* Fusion genes are often oncogenes

+ Ex: BCR-ABL1 (Philadelphia
chromosome) in Chronic
myelogenous leukemia (CML)

and Acute Lymphoblastic
leukemia (ALL) t(9;22)(q34;q11)

© Andrea Sboner - NYU -2012.05.23
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Why are they (gene

fusions) important?

* Fusion genes are often oncogenes

+ Ex: BCR-ABL1 (Philadelphia
chromosome) in Chronic
myelogenous leukemia (CML)

and Acute Lymphoblastic
leukemia (ALL) t(9;22)(q34;q11)

* Fusion involving a proto-oncogene
with a strong promoter resulting in
upregulation (lymphomas)

+ Ex: (IgH locus)-MYC in
Burkitt's lymphoma (cMYC
over-expressed)

© Andrea Sboner - NYU -2012.05.23
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splicing events) important?

Intergenic frans-splicing

AA
A ATAA
ﬁ—l—f-—l AppA

Horiuchi, Takayuki, and Toshiro Aigaki. Biology of the Cell 98, no. 2 (January 9, 2012): 135-140.

L — T
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Why are they (trans- Sareh S

splicing events) important?

Intergenic trans-splicing

AA
A ATAA
ﬁ—l—-L—-l AAAA

Horiuchi, Takayuki, and Toshiro Aigaki. Biology of the Cell 98, no. 2 (January 9, 2012): 135-140.

* Trans-splicing was initially found in lower eukariotes, such as trypanosomes
and worms

* Short sequences of nucleotides are trans-spliced to distant 5' of many
protein coding genes

© Andrea Sboner - NYU -2012.05.23
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Why are they (trans- Sareh e

splicing events) important?

Intergenic trans-splicing

t ] ] I I AA
A AT AA

Horiuchi, Takayuki, and Toshiro Aigaki. Biology of the Cell 98, no. 2 (January 9, 2012): 135-140.

* Trans-splicing was initially found in lower eukariotes, such as trypanosomes
and worms

* Short sequences of nucleotides are trans-spliced to distant 5' of many
protein coding genes

* Recently, they were found in mammalian cells:
+ JAZF1-SUZ12 in endometrial stroma cells (Li et al. Science 2008)

* SLC45A3-ELK4 in prostate tissues (Rickman et al. Cancer Res 2009)

© Andrea Sboner - NYU -2012.05.23
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Why are they (trans- HaHHS— — S D

splicing events) important?

Intergenic trans-splicing

AA
A AT AA
ﬁ—L—L—-J AAAA

Horiuchi, Takayuki, and Toshiro Aigaki. Biology of the Cell 98, no. 2 (January 9, 2012): 135-140.

* Trans-splicing was initially found in lower eukariotes, such as trypanosomes
and worms

* Short sequences of nucleotides are trans-spliced to distant 5' of many
protein coding genes

* Recently, they were found in mammalian cells:
+ JAZF1-SUZ12 in endometrial stroma cells (Li et al. Science 2008)

* SLC45A3-ELK4 in prostate tissues (Rickman et al. Cancer Res 2009)

* 65% of protein-coding genes have distal 5' transcription start sites (ENCODE
pilot)

© Andrea Sboner - NYU -2012.05.23
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What about prostate cancer?
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Why are fusions important in

prostate cancer?

+ Prostate cancer is the most
common tumor and second
leading cause of death among
men in the U.S.

* Prostate Specific Antigen (PSA)
screening helped the early
diagnosis of prostate cancer

* Most men have a slowly
progressing tumor

* No clear mortality benefit from
PSA screening

Mortality Results from a Randomized
Prostate-Cancer Screening Trial

Andriole Getal. N Engl) Med 2009;360:1310-9.

EDITORIAL
The Prostate Cancer Muddle

Ehe New AJork Times

Screening and Prostate-Cancer Mortality
in a Randomized European Study

Shroeder FHetal. N Engl) Med 2009;360:1320-8.
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Why are fusions important in
prostate cancer?

+ Prostate cancer is the most
common tumor and second Mortality Results from a Randomized
leading cause of death among Prostate-Cancer Screening Triz

. Andriole Getal. N F-__
men in the U.S. u

* Prostate Specific Antio~=
screening k-

rostate Cancer Muddle
Published: March 19. 200¢ @bc:.\.cwuork Q?imcs

en have a slowly

B o Screening and Prostate-Cancer Mortality

in a Randomized European Study
Shroeder FH et al. N Engl) Med 2009;360:1320-8.

* No clear mortality benefit from
PSA screening
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KRG rearranged cases as a
subclass of prostate cancer?

ERG rearrangement status:
87-gene signature

1-Specificity

AT i "'

CERG

40% (40/101)
TMPRSS2-ERG Cluster

Estrogen-Dependent Signaling in a Molecularly
Distinct Subclass of Aggressive Prostate Cancer
J Natl Cancer Inst 2008;100:815-825
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ERG rearranged subclass 1s more homogeneous than lethal/imdolent PCa
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Prostate cancer: Silhouette Plot
Lethal (L) vs Indolent (I) ERG rearrangement status

-0.01

Negative

Positive:
0.39

-0.037

>

-1.0 -0.5 0.0 05 1.0 -1.0 -0.5 0.0 0.5 1.0

no substantial structure struct structure TR

1.0 0.25 0.50 070 1.0

Sboner A et al. Molecular Sampling of Prostate Cancer: a dilemma for ‘
predicting disease progression, BMC Medical Genomics 2010

ERG rearranged subclass 1s more homogeneous than lethal/imdolent PCa
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Prostate cancer: Silhouette Plot
Lethal (L) vs Indolent (I) ERG rearrangement status

41/46 ERG
rearranged positive
-0.01 are Lethal cases

OR = 7.2 p=2.3*10%

Negative
-0.037

Positive:
0.39

% —
1.0

weak ~ stror
no substantial structure SR heie. )

R "J“)JC"-'*._,

Sboner A et al. Molecular Sampling of Prostate Cancer: a dilemma for ‘
predicting disease progression, BMC Medical Genomics 2010

ERG rearranged subclass 1s more homogeneous than lethal/imdolent PCa
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Are gene fusions key elements n
prostate cancer?

* Hypothesis I: additional gene fusions may be present in prostate cancer

* Hypothesis II: can those fusions help better define the molecular
landscape of disease development and progression?

18
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Identification of gene fusions
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Identification of gene fusions

* Traditional detection of fusion genes typically involves cytogenetic
methods
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Identification of gene fusions

* Traditional detection of fusion genes typically involves cytogenetic
methods

* Some require a hypothesis about the genes involved in the fusion

* Next-generation sequencing can address this challenge directly,
especially with:

* Paired-end RNA-Seq: keeping connectivity information

i ———
" —
— —
o —
—~—
—

- -~
/- \\

t/’ “\\\
CTTGGAAGC | | GTGCTATGAA |

mRNA fragment

19
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FusionSeq: a
computational modular
framework

+ Fusion Detection Module

* Filtration Cascade Module

* Junction-sequence identifier
module

Sboner, Andrea, et al. “FusionSeq: a Modular Framework for
Finding Gene Fusions by Analyzing Paired-End RNA-Sequencing
Data.” Genome Biology 11, no. 10 (2010): R104.

© Andrea Sboner - NYU -2012.05.23

Highly accessed

reference
human
genome
sequence
+

annotation

~20 million

Fusion Detection

- - Module
i PP Quality control
S ~0.5 million
]
]
Paired-end (PE) reads
Mapping to the B8 Same gene
—— — same gene mm—1 Different genes
= m = ~10 million Single-end read
. . -
Mapping to
S different genes
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1 — —
g g g
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e |

~100 fusion supporting

Filtration Cascade
Module

Mis-alignment filters

Large and small scale homology, Repeat masker filters ~0.35K
Random pairing filter
Abnormal Insert Size filter ~0.1K

Mis-alignment and random pairing filters

Ribosomal filter, Expression Consistency filters ~0.5K

Other filters

PCR filter, Annotation Consistency, Splice-Junction filters ~0.05K
aired-end reads
g |
PP oy =R o D:;
Gene A mmmmmmm == Gene B g = I_:Jlgl )U> P
s L e8 o2 Scoring
Gene C mmmmmmm o= Gene D SR, mm T
H ® » I 0
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Gene X me=m=mp=—r== GeneY = :
Gene A I N I | I | Gene B
Virtual [AT][A4])[A7]AT0/AT3]A16] \B1HB4HB7\B10HB13 Virtual
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reference
human
genome

sequence
+

annotation

1 lane:~20M

- - e—-a e—aa
- - - OO

- o - | e
-|—an o O - - —
o o0 - o -

Paired-end (PE) reads
R-—# Same gene
Em—_] Different genes

Single-end read
=

Quality control
~0.5M

Mapping to exons
of the same gene
~10M

Mapping to exons
of different genes
~1K

Fusion Detecion Module
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How to 1identity fusion transcripts!

* Straightforward:

* If the two ends map to different genes, then we have a potential

fusion transcript

Gene A

Normal transcript

Gene B

Gene C

Fusion transcript

2012.05.23
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soform 1
soform 2
soform 3
Isoform 4

What about different isoforms? .-



Isoform 1
Isoform 2
Isoform 3
Isoform 4

Composite
E— ;
model — 1 —
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Isoform 1
Isoform 2
Isoform 3
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e | :
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What about different isoforms? .-



Isoform 1
Isoform 2
Isoform 3
Isoform 4
Composite
e D ;
model i _
_ — P
S mmm |
¥ == —
2 i —
- — — ,
exon-intron — — i
exon-boundary IR s |

What about different 1soforms?
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composite model 1

composite model 2

1

2

4

Finding fusion transeripts
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composite model 1

composite model 2

1

2

3

4

1
L]
{—]
L1

+ Each PE read can be assigned to one “gene”

Finding fusion transeripts
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composite model 1

composite model 2

1

2

3

4

1
L]
{—]
L1

4

Potential Fusion Transcript

+ Each PE read can be assigned to one “gene”

+ Potential Fusion Transcripts: if pair belong to different genes

Finding fusion transeripts

24
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Not an 1deal world: sources of
errors

23



Not an 1deal world: sources of

Crrors

*  Mis-alignments

&

o

Base caller error
SNDPs

RNA editing

Sequence similarity (paralogs, pseudogenes)
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Not an 1deal world: sources of
errors

*  Mis-alignments

* Base caller error

#* SNPs

* RNA editing

+ Sequence similarity (paralogs, pseudogenes)
*  Random pairing of transcript fragments

* Library preparation
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Not an 1deal world: sources of
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*  Mis-alignments

* Base caller error

#* SNPs

* RNA editing

+ Sequence similarity (paralogs, pseudogenes)
*  Random pairing of transcript fragments

* Library preparation

*  Combination of mis-alignment and random pairing
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Not an 1deal world: sources of
errors

*  Mis-alignments

* Base caller error

* SNPs

* RNA editing

+ Sequence similarity (paralogs, pseudogenes)
*  Random pairing of transcript fragments

* Library preparation
*  Combination of mis-alignment and random pairing

+  PCR amplification, gene annotation inconsistencies/incompleteness

23
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Mis-alignment filters

Large and small scale homology, Repeat masker filter ~0.35K
Random pairing filter
Artifactual Insert Size filter ~0.1K

Mis-alignment and random pairing filters

Ribosomal filter, Expression Consistency filter ~0.5K
Other filters
PCR filter, Annotation Consistency filter ~0.05K
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23 b5 Scori
a8 ®»® v Scoring
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33

Filtration Cascade Module

26

-2012.05.23

-NYU

© Andrea Sboner



Base caller
error, SNP,

etc.

i 4

ATTCGT

C

GTT

ATTCGTTGTT

cleiaplar.vAl PE Read 2

clelapiar.,vyl PE Read 1

CGATTCGTCGTTCTTGTCCAATACTATTCGTTGTTAATATCCTCGGCTTCTAATGATC

Gene B

S

e ——SWWWWC

Mis-alignment

2%

2012.05.23

-NYU -

© Andrea Sboner



Base caller
error, SNP,
etc.

ATTCGTC

clelapIl v\l PE Read 2

@ T Read 1

CGATTCGTCGTTCTTGTCCAATACTATTCGTTGTTAATATCCTCGGCTTCTAATGATC

Gene B

e o
oo

Mis-alignment

2%
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Base caller
error, SNP,

etc.

ATTCGT

GTT

CGATTCGTCGTTCTTGTCCAATACTATTCGTTGTTAATATCCTCGGCTTCTAATGATC

‘

clelapIa VAl PE Read 2

clelapiar.vyl PE\Read 1

Gene B

ﬁ;

Mis-alignment

2%

2012.05.23

-NYU -

© Andrea Sboner



Base caller
error, SNP,
etc.

ATTCGTCGTT

GGCTTCTAAT

°E Read 2

clelapiar.vyl PE\Read 1

CGATTCGTCGTTCTTGTCCAATACTATTCGTTGTTAATATCCTCGGCTTCTAATGATC

Gene B

* Large-scale: similarity at the gene level — TreeFam to exclude paralogs

Mis-alignment
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Base caller
error, SNP,
etc.

' 3
ATTCGTCGTT

clelapIa VAl PE Read 2

clelapiar.vyl PE\Read 1

CGATTCGTCGTTCTTGTCCAATACTATTCGTTGTTAATATCCTCGGCTTCTAATGATC

Gone

* Large-scale: similarity at the gene level — TreeFam to exclude paralogs

*  Small-scale: similarity of smaller regions within the genes — 2-step approach using

bowtie and BLAT

Mis-alignment
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Base caller

error, SNP,
etc.
i A
ATTCGTCGTT GGCTTCTAAT N CELW-

ATTCGTTGTT cleleapiey7Y\J PE Read 1

CGATTCGTCGTTICTTGTCCAATACTATTCGTTGTTAATATCCTCGGCTTCTAATIGATC

* Large-scale: similarity at the gene level — TreeFam to exclude paralogs

*  Small-scale: similarity of smaller regions within the genes — 2-step approach using
bowtie and BLAT

* Repetitive region: reads mapping to low-sequence complexity

2012.05.23

Mis-alignment
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Random pairing of
transcript fragments

* Inefficient A-tailing — random
joining of transcript fragments —
artificial chimeric transcripts

© Andrea Sboner - NYU -2012.05.23
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Random pairing of | | ——
transcript fragments o= — m—

* Inefficient A-tailing — random
joining of transcript fragments —
artificial chimeric transcripts

* How to remove them?

28
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Random pairing of
transcript fragments

* Inefficient A-tailing — random
joining of transcript fragments —
artificial chimeric transcripts

* How to remove them?

# Qbservation 1: preparation
protocol requires a size-
selection step, i.e. all transcript
fragments have similar size

© Andrea Sboner - NYU -2012.05.23

size
selection

28



Random pairing of | | ——

]
¢ | |
transcript fragments o= — —
| | [T}
[
* Inefficient A-tailing — random
joining of transcript fragments — 'siZ?
artificial chimeric transcripts sk
v
? 1
+* How to remove them:
paired-end . m

| 1]

* Observation 1: preparation sequencing
protocol requires a size- P
selection step, i.e. all transcript
fragments have similar size

fragment size

+ QObservation 2: the insert-size - >
distribution of the PE reads read [N I read
should be roughly the same for e

all PE reads

28
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Insert-size distribution concept

Detecting structural variations (SVs)
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insert size

reference genome

Insert-size distribution concept

Detecting structural variations (SVs)
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Paired-end
fragment size
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Complexity of applying the isert-size analysis to the
transcriptome
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“Rescuing” the msert-size concept for transcriptome analysis

Minimal fusion transcript fragment
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Real fusion transcript

......

insert size

“Rescuing” the msert-size concept for transcriptome analysis

Minimal fusion transcript fragment
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Permutation test: the probability that the inter-transcript insert-size distribution is compatible with the
intra-transcript one.
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Mis-alignment and
random pairing filters

© Andrea Sboner - NYU - 2012.05.23
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Mis-alignment filters
Large and small scale homology, Repeat masker Hter ~0 35K

Random pairing filter
Artdactual Insert Size filter ~0.1K

Mis-alignment and random pairing filters

Rbosomal iter, Expression Consistency flter ~0.5K

Other filters

PCA titer, Armotation Consstency filler ~0.05K

*
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Mis-alignment and
random pairing filters

* QObservation 1: highly expressed genes are more likely to generate
random chimeric transcripts

© Andrea Sboner - NYU -2012.05.23

~100 fusion supporting

paired-end reads

Mis-alignment filters
Large and small scale haomology

Repeat masker Htor

~0.35K

Random pairing filter

Artdactual Insert Size hilter

~0.1K

Mis-alignment and random pairing filters
Rbosomal 1fter, Expression Consistency fller

~0.5K

Other filters
PCH thter, Armotation Consstency !

~0.05K




Mis-alignment and =

random pairing filters == == ™"

~100 fusion supporting
paired-end reads

Mis-alignment filters
Large and small scale ). Hua

n

ISK
Random pairing filter
Artdactual Insert Size filter ~0.1K
Mis-alignment and random pairing filters
Rbosomal ter. Expression Consistency fler ’U .DK
Other filters
POH Hter, Armotation Conssien BK

L —

* QObservation 1: highly expressed genes are more likely to generate

random chimeric transcripts

* Observation 2: some of the reads may be mis-aligned, complicating
the identification of the genes involved in the random pairing
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Mis-alignment and =

random pairing filters == == ™"

~100 fusion supporting
paired-end reads

Mis-alignment filters
Large and small scale homology, R

....... 15K
Random pairing filter
Artdactual Insert Size filter ~0.1K
Mis-alignment and random pairing filters
Ybosomal fter, Expression Consistency fller ~0.5K
Other filters

L re——

* QObservation 1: highly expressed genes are more likely to generate

random chimeric transcripts

* Observation 2: some of the reads may be mis-aligned, complicating
the identification of the genes involved in the random pairing

+* Solution:
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Mlis-alignment and L g T
b e s f' m .-. = : -— Randonll p;?lring filter
— - Artdactual Insert Size filter ~01K
random pairing filters == -
s T Mis-alignment and random pairing filters
= 0.5K
- - - Other filters
~100 fusion supporting DCR Hiter Anmotation Consiste 5K
paired-end reads

* QObservation 1: highly expressed genes are more likely to generate
random chimeric transcripts

* Observation 2: some of the reads may be mis-aligned, complicating
the identification of the genes involved in the random pairing

+* Solution:

* Ribosomal filter (highly expressed genes)
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Mlis-alignment and L g T
b e s f' m .-. = : -— Randonll p;?lring filter
— - Artdactual Insert Size filter ~01K
random pairing filters == -
s T Mis-alignment and random pairing filters
= 0.5K
- - - Other filters
~100 fusion supporting DCR Hiter Anmotation Consiste 5K
paired-end reads

* QObservation 1: highly expressed genes are more likely to generate
random chimeric transcripts

* Observation 2: some of the reads may be mis-aligned, complicating
the identification of the genes involved in the random pairing

* Solution:
* Ribosomal filter (highly expressed genes)

* Expression consistency filter
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Classifying the candidates

+ Fusion candidates are classified based on the location of the two
genes on the genome:

* Inter-chromosomal: genes on different chromosomes;

* Intra-chromosomal: genes on the same chromosome and
with other genes between them;

* Read-through: genes of the same chromosome and , and
without other genes between them;

+ Cis: genes on the same chromosome, but in

33
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Scoring the candidates
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Scoring the candidates

* Supportive PE Reads per million mapped reads (SPER)

* Normalized number of inter-transcript PE reads (m;)

SPER; = +2¢— .10°

Nma,pped
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Scoring the candidates

* Supportive PE Reads per million mapped reads (SPER)

* Normalized number of inter-transcript PE reads (m;)

SPER; = +2¢— .10°

Nma,pped

* How good is the observed SPER compared with the expected SPER?
+ Difference of observed SPER and analytically computed SPER (DASPER)

+ Ratio of observed SPER and empirically computed SPER (RESPER)

34
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SPER expectations

Analytical

*  Expected number of inter-transcript
reads by chance (<map>):

(SPER;) = m48)_ . 1(6

Nmapped

*  <muap> can be estimated from the
joint probability:

i =R CAN SR (BN e = B

Nmapped

DASPER; = SPER; — (SPER;)

35
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SPER expectations

Analytical Empirical
* Expected number of inter-transcript * Average of the other candidates'
reads by chance (<map>): SPER:
(SRAR,) — el 08 SPER = L. %1 SPER,
=
* <map> can be estimated from the * where M is the total number of fusion

joint probability: transcript candidates

i =R CAN SR (BN e = B

Nmapped

DASPER; = SPER; — (SPER;) RESPER; = %i%%

35
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Junction-Sequence ldentifier Module
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B3
Gene A N N D | 1 ' Gene B

Virtual A[A4I[A7]AT0/AT3 A96) (B.1]B.4)B.7|B10/B13 Virtual
Tiles A 121 FAS] JA8) Al A4 A7 (B2|BSIBBBAIBAY . o
[AB|A6|[A9|AT2]A15A118 (B.3/B.6/B.9/B.12/B.195

Junction-Sequence ldentifier Module
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=3 =3
Gene A I D D | | ' Gene B
Virtual AI[AZ][A7]AT0/AT3/AT6| (B.1)B.4]B.7/B10BI3 Virtual
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Study design

+ Well-
characterized
samples

Sample ID Type Known Fusion Read size Mapped PE
(PCa=prostate cancer) Type reads

106_T PCa TMPRSS2-ERG il 4,312,087

1700_D PCa TMPRSS2-ERG 51 6,805,776

580_B PCa TMPRSS2-ERG 36 5,211,234

99 T PCa NDRG1-ERG 36 1,515,444

2621_D PCa SLC45A3-ERG 54 11,899,985

1043_D PCa DS 51 1,549,569
fusions

NCI-H660 PCa cell line TMPRSS2-ERG Sl 35725590

CMioR7Rs A apheblastoidii S e noun 54 20,676,160
cell line fusions

%

-2012.05.23

-NYU

© Andrea Sboner



What 1s the effect of the filters?

Average number of Average number of

identified candidate per = candidates per sample after
sample filtering

Number 917.75

+ Total of 7,342 Range 451-1618 3-94
candidates

* 304 passed the filters,
i.e. 96% reduction

38
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What 1s the effect of the filters?

Average number of Average number of

identified candidate per = candidates per sample after
sample filtering

Number 917.75

+ Total of 7,342 Range 451-1618 3-94
candidates

W Ribosomal 23%
B Smal scale homology 25%

* 304 passed the filters,
i.e. 96% reduction

B RepeatMasker 8% W Large scake homology (TreeFam) 4%

- W BlackList 0%
B Annotation Consistency 0%

Proxmity 4%

B PCR 1%

B Anifactual Insen Size 8%
Expression Consistency 27%

1 —

-2012.05.23
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Sample 2621 D

& SL.C45A3-ERG (real)
4 o P4HB-KLK3 (artifact)

RESPER

2 3 - S) 6 7 8 9 10 11

Sequencing depth
[Millions of mapped PE reads]

——————

12

13

What is the effect of coverage?

30
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Chromosome 21
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CAACACGGCTTTCCTCGGGTCTCCAAAGATCCTGGAATAAC  CTGCOGCGCTCCAGGCOGCGCTCCOCGCCCCTCGROCCTCCG

106 T |
NCI-H660
1700.D
580 B ..............................
BB ——FHE—1] I—HH § {4 =3 1]
ERG § TMPRSS2
Tile A: chr21:38,739,388-38,739,414 Tile B: chr21:41,791,915-41,791,941

‘CCTCACT.ACMC"GATMGGCTTC PGAGTTCAAMGCCATCTTGCTGTTAT

ERG NM_ 0044494

Tile A: chr21:38,878,699-38,878,740 Tile B: chr21:41,801,878-41,801,919 I

TMPRSS2 NM _005656.3

TMPRSS2-ERG isoforms

ey

' 313bp !

e N &
VI

I 196 bp l

and e
1 I
125 bp

1-80cn|
s £ g3
o -
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Junction-sequence identifier
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Tile 1: chr21:38,739,373-38,739,414 Tile 2: chr21:41,801,877-41,801,918

B R s — e

' ERG TMPRSS2

S —

Tile 1: chr21:38,717,312-38,717,353 Tile 2: chr21:41,801,877-41,801,918

1700_D

a.

Second 1soform
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Top candidates

Type Sample ID Fusion Candidate RESPER
intra 580_B TMPRSS2-ERG 14.31
intra 1700_D TMPRSS2-ERG 8.79
intra 106_T TMPRSS2-ERG 3.97
inter 2621_D SLC45A3-ERG 3.56
inter 1700_D ERG-GMPR 2.05
read-through 1700_D SLC16A8-BAIAP2L2 B9
read-through 106_T AK094188-AK311452 1.9
read-through 1700_D ZNF473-FL]26850 1.58
read-through 580_B ZNF577-FL]26850 1.58
read-through 1043_D ZNF577-ZNF649 1.55
read-through 1700_D CAMTA2-INCAI1 1.35
inter 1700_D HDAC5 529
read-through 1043_D FLJ00248-LRCH4 1.27
read-through 1700_D VMAC-CAPS 1.17
read-through 106_T FLJ00248-LRCH4 1.16
cis 1043_D AX747861-FLI1 5
read-through 106_T TAGLN-AK126420 1.07
inter 580_B PIGU-ALG5 1.07
inter 9. T NDRGI1-ERG 1.02

10
%3
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Top candidates

chr. 21

/

CCCAGCAGC TCATA TCAAGIOCAGOO AACG TG G TG ACA

chr.6

-~ Jl \ © WO e EASEERA Jl -/ |

ERG

TMPRSS2-ERG

d

Type Sample ID Fusion Candidate RESPER

intra 580_B TMPRSS2-ERG 14.31

intra 1700_D TMPRSS2-ERG

intra 106_T TMPRSS2-ERG

inter 2621_D SLC45A3-ERG

inter 1700_D ERG-GMPR
read-through 1700_D SLC16A8-BAIAP2L2 B9
read-through 106_T AK094188-AK311452 1.9
read-through 1700_D ZNF473-FL]26850 1.58
read-through 580_B ZNF577-FL]26850 1.58
read-through 1043_D ZNF577-ZNF649 1.55
read-through 1700_D CAMTA2-INCA1 35

inter 1700_D HDAC5 529
read-through 1043_D FLJ00248-LRCH4 1.27
read-through 1700_D VMAC-CAPS 7
read-through 106_T FLJ00248-LRCH4 1.16

cis 1043_D AX747861-FLI1 5

read-through 106_T TAGLN-AK126420 1.07

inter 580_B PIGU-ALG5

inter 9. T NDRGI1-ERG 1.02
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* Larger prostate cancer data set %

+ Jdentified 7 novel fusion
candidates

exon?| & 106 bp

* Experimentally validated

IKEKB

Pflueger, Dorothee, Stéphane Terry, Andrea Sboner,, et al. Genome Research 2011;21(1): 56-67.
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WWTR1 CAMTA1

Exons 1 2 e 7 123456789 23
(IO00I001] eEeEEEEEEEEEEEEEEEEEEEEEE

Type 1 -\—/I..............
Type 2 -\/II-II--II-III--

Novel defining fusion gene

in epitheliod hemangioendothelioma
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-Defining Gene Fusion in Epithelioid

Tanas, Munir R, Andrea Sboner,et al. “Identification of a Disease
Hemangioendothelioma.” Science Translational Medicine 3, no. 98 (August 31, 2011): 98ra82-98ra82.
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WWTR1 CAMTA1
Exons 1 2 e 7 123456789 23
(01 SEEEEEEEEEEEEEEEEEEEEEEE

Type 1 -\’/J-IIIIHIIIHIIII
Type 2 -\/I---l-l---l----

W — G [ WWITRT CAMTA1
L Y o T NI Positive Positive
PISIN pI6IS pIS3 pMIpIAl pilS pII3 Il 23 1D pAA3 pI3T Q) QI2 QUGN Qi3 g RO Q2 Q2T QI qlllgtie Notal % fotal %

K204 T 440 kb Eptheliond hemangioendothelioma 42147 89% 39/45 87%

A ' : — - : I_ggAngsosarcoma NO 0/42 0% /39 0%
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Be Sinonasal hemangiopericytoma on 0% on 0%
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§ $ Atypical glomus tumor o2 0% | O 0%
gl Lymphangioma o7 0% o7 0%

§ , Lymphangioleiomyomatos:s oM 0% on 0%
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NGS future trends

sample collection and

- Experimental . experimental design
Sample desi
- esign
collection

B sequencing

data reduction

B data management

downstream
analyses

32
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i B 2
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 [e—
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Downstream analyses
X
ol

(differential expression,
novel TARs, regulatory pre-NGS

networks, ...) (~2000)

now

(~2010)

future
(~2020)

Sboner, Andrea, et al. 2011. Genome Biology 12(8);25:125
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