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What is a gene fusion?

B First described in chronic myeloid
cancer cells

® Hybrid formed of two or more
different genes

Source: Rowley, J. D. A new consistent chromosomal abnormality in chronic myelogenous leukaemia identified by quinacrine fluorescence and Giemsa staining. Nature
243, 290-293 (1973).
Picturesource: By SocratesJedi - Own work; Rendering of PDB 3CS9, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=17161180
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What is a gene fusion?

® Causes of gene fusions:

Genomic rearrangements

Based on: The emerging complexity of gene fusions in cancer ;Fredrik Mertens, Bertil Johansson,
Thoas Fioretos Felix Mitelman; Nature Reviews Cancer 15,371-381 (2015); doi:10.1038/nrc3947
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What is a gene fusion?

® Causes of gene fusions:

Genomic rearrangements

Insertion

Based on: The emerging complexity of gene fusions in cancer ;Fredrik Mertens, Bertil Johansson,
Thoas Fioretos Felix Mitelman; Nature Reviews Cancer 15,371-381 (2015); doi:10.1038/nrc3947
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What is a gene fusion?

® Causes of gene fusions:

Genomic rearrangements

Insertion Inversion

| | A B
| || | L [18 VI
Based on: The emerging complexity of gene fusions in cancer ;Fredrik Mertens, Bertil Johansson,
Thoas Fioretos Felix Mitelman; Nature Reviews Cancer 15,371-381 (2015); doi:10.1038/nrc3947
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What is a gene fusion?

® Causes of gene fusions:

Read-through / trans-splicing

Based on: The emerging complexity of gene fusions in cancer ;Fredrik Mertens, Bertil Johansson,
Thoas Fioretos Felix Mitelman; Nature Reviews Cancer 15,371-381 (2015); doi:10.1038/nrc3947
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What is a gene fusion?

® Causes of gene fusions:

Read-through / trans-splicing

read-through transcription

.
— — — DM

Gen A Gen B

l transcription

| RNA

Based on: The emerging complexity of gene fusions in cancer ;Fredrik Mertens, Bertil Johansson,
Thoas Fioretos Felix Mitelman; Nature Reviews Cancer 15,371-381 (2015); doi:10.1038/nrc3947
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What is a gene fusion?

® Causes of gene fusions:

Read-through / trans-splicing

read-through transcription

_>
— — — DM

Gen A Gen B

l transcription

| RNA

Based on: The emerging complexity of gene fusions in cancer ;Fredrik Mertens, Bertil Johansson,
Thoas Fioretos Felix Mitelman; Nature Reviews Cancer 15,371-381 (2015); doi:10.1038/nrc3947

trans splicing

pre-mRNA

l processing

[ mRNA
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Motivation

B Input of custom annotation in gene fusion detection software

-5 Detection of novel fusions including IncRNA

B Using prostate cancer (PCa) patient samples
=) TMPRESS-ERG fusion :
In ~50% of PCa
Correlates w/ bad prognosis

Biomarker
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Gene fusion detection software

W state-of-the-art programs usually include 3 steps:

mapping and filtering for chimeric reads
gene fusion junction detection

fusion assembly and filtering
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Input

B Paired-end Sequencing

read1

AN

read 2

distance between each paired read is known

-p useful for alignment of e.g. repetitive regions
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Detection of fusions

Gene A . Gene B

Reference
Genome :I\F\F

Chimeric transcript

Source: ChimPipe: Accurate detection of fusion genes and transcription-induced chimeras
from RNA-seq data; Bernardo Rodriguez Martin et al., BMC Genomics (2017)
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Detection of fusions

Gene A . Gene B

Reference — 1 _ _
Genome
 — i— Discordant Paired-End

Chimeric transcript

Source: ChimPipe: Accurate detection of fusion genes and transcription-induced chimeras
from RNA-seq data; Bernardo Rodriguez Martin et al., BMC Genomics (2017)
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Detection of fusions

Gene A . Gene B

Reference
Genome 1 S
", Split-read “
| : i Discordant Paired-End

Chimeric transcript

Source: ChimPipe: Accurate detection of fusion genes and transcription-induced chimeras
from RNA-seq data; Bernardo Rodriguez Martin et al., BMC Genomics (2017)
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Used tools

FusionCatcher SOAPfuse ChimPipe
Published 2014, D. Nicorici et al., 2013, Jia W. et al., 2017, B. Rodriguez-
bioRxiv GenomeBiology Martin, BMC
Source of samples eukaryotic human eukaryotic
R FEITEELENE Paired-end Paired-end
Single-end
Aligner/Mapper Bowtie/2
BLAT Sé)v'?‘/iz GEMtools
STAR

Filter

Based on databases

Based on sequence
features

Based on categories of

reads, sequence

features and known

genomes
Unique feature 20+ categories of : * Independent
P « List w/ sequences : :
usions ) . : generation of split-
. of junction site
* Filtering w/ . Figures reads and
multiple databases 9 discordant PE-reads
Custom
no yes yes

annotation input

See also: Comprehensive evaluation of fusion transcript detection algorithms and a meta-caller to combine top performing methods in paired-end RNA-seq data ,

S.Liu et al., Nucl Acids Res (2015)
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Running the tools

buildingj ( run
index J ﬁt tool

B Two sets of testdata:
MCF-7 Breast cancer cell line
6 fusion genes which have been validated /n vitro
m—) Edgren et al. (Genome Biology, 2011) + Kangaspeska et al. (PLOSone, 2012)
Own testdata:

MCF-7 reads + reads created from custom annotation

Source: ChimPipe: Accurate detection of fusion genes and transcription-induced chimeras
from RNA-seq data; Bernardo Rodriguez Martin et al., BMC Genomics (2017)
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Results MCF-7 dataset

FusionCatcher SOAPfuse  ChimPipe

BCAS4-BCAS3 J J J
ARFGEF2-SULF2 v Y Y
RPS6KB1-VMP1 v J v
GCN1L1-MSI1 X X X
AC099850.1-VMP1 J X v
SMARCA4-CARM1 J J v
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Results MCF-7 dataset

SOAPfuse
total: 16

FusionCatcher
total: 7

ChimPipe
total: 12

© Fraunhofer
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Hg19 assembly Hg38 assembly
o N
MCF-7 custom reads samples samples

|

|

|

I

MCF-7 + PCa- . PCa-

I

I

|

FusionCatcher v :
|

X |
o X X
indexing
SOAPfuse v H v Index / H Index X
cancelled | |
Index v/ i
v > Index v
memory X | |
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Thanks to:
Kristin Reiche
Sven-Holger Puppel

Thank you for your attention!
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Appendix
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SOAPfuse

Paired-end

RNA-Seq reads
g S
_&J‘) unmap ~algning” . | annotated transcripts ———————= unmap
m

_— /
read humanlgenomeﬁ‘ 4 . mapped —r '= m
alignment oade w\ﬂit&rzﬁve#‘y g’
TN

“?‘“:'
mapped n  -— annotated transcripis

identifying
candidate Candidate
ene pairs gene pairs” . .
g P - partial exhaustio putative junction as reference
. construction sequences libraries >
detection of =
predicted ( Supported seeking junc-reads* &
fusions \fusion junctions /®
filtering final fusions* y—=( predicted junction 563)
fusions
Source: Jia et al.: SOAPfuse: an algorithm for identifying fusion transcripts from paired-end
RNA-Seq data. Genome Biology 2013 14:R12
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SOAPfuse

upstream each base (U) in region [e, h] could be
part of Gene A forms fUSIoN s putative junction site of Gene A

fused region 2
) - fused region 1 ‘
Gone A 5 CEE R 3
ey O
junction ., ’ ‘ :
sequence 5" S 3
SRS * SPAN-1eade===mmmmeeeeemmemnn. —— ’m"’
M Partial exhaustion algorithm

combine FusReg1 & FusReg 2

if 1&2 overlap == credible reg

else ==p potential reg with:

FusReg1: HUM

for U, (e<i<h) and D, (m<j<y) FusReg2: based on INS

build bp U., D U, : base on upstream gene FusReg2

17 ]

if U, or D; is in credible reg == add to lib D; : base on downstream gene FusReg2
Source: Jia et al.: SOAPfuse: an algorithm for identifying fusion transcripts from paired-end
RNA-Seq data. Genome Biology 2013 14:R12
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SOAPfuse

B Partial exhaustion algorithm

FusReg2:
insert size (INS + 3 * SD)
- fused region of Gene A -
s mapped region of end 1 ———s RankFCR) fonk” 2o g of and 2 (RL2)
Gene A §' 3
o |

upstream region:

[MPl +RIL1-FLB , MP1+INS +3*SD—RL2+ FLB - 1]
downstream region:

[MP2 +RL2 - INS -3*SD+RL1-FLB , MP2 +FLB—1]

=
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SOAPfuse

Figure S2

S01. Alignment against
human genome reference

&S

507-b. Based on alignment
result, obtaining candidate

S08. Gathering information
of candidate fusions,

fusions supported (mapped) by
UUM (candidate junc-reads)

y 3

evaluating
insert size

aligning UUM reads

to junction library

S02. Alignment
against annotated
transcripts

N

S07-a. Using span-reads to
get fused regions 2;
constructing junction

sequences library with
the partial exhausion algorithm

S03. Trimming and
realigning FUM against
annotated transcripts

S04. Merging seeking

P and counting supporting reads

(span-reads && junc-reads)

I

useful

uu

/

S06. Using HUM to
get fused regions 1

F 3

S05. Obtaining

alignment results

span-reads ¥ candidate gene pairs

S09. Filtering candidate fusions,
and obtaining final fusions;
predicting junction sequences
for PCR, drawing svg figures
(alignments of supporting reads;
expression level of gene pairs)

unmap-reads

A 4

[ Further Research ]
Combining other data,

carry out deeper analysis

such as geane sequencing,
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FusionCatcher G

Filter
[ 4
Bowlie+ Bowtie+
transcriptome genome
+—

map on
transcriptome
=
map on _ __ prelim. list
genome identification S zErd
of junctions L
L 4 |
I; align w
Bowtle +
exon/exon DB
—— ._,L_.rjfrjg:}ped
Y
~ merge
WBWWAS
gene/gene
-seq DB
\f:
mapped ¥ Lrle Il STAR+ Bowtie2+

I <
gene/gene gene/gens genefgene

-seq DB -seq DB -seg DB

final list of
cand.
fusions

Based on: D. Nicorici, M. Satalan, H. Edgren, S. Kangaspeska, A. Murumagi, O. Kallioniemi, S. Virtanen, O. Kilkku, FusionCatcher - a tool for finding somatic fusion genes in
paired-end RNA-sequencing data, bioRxiv, Nov. 2014, DOI:10.1101/011650
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ChimPipe

>

(i) Read mapping

Chimera detection

Chimera filtering

BloRv preprint nrs;tpnsmd onlina
ni

er-reviewad) 5 the authorMunder. It Is maga Jvallan|e under
L ]
RNA-seq

- 2. 2016 dot. hio-id.dolorg10.§ 101070535, The copyright holdar fof s preprnt (which was

S

a CC-BY 4.

Healthy or Legend

Tumor cells |y oy Unmapped FE

ES Concordant FE
B Consistent FE

- -
I I I N . r:;r&esd'End (PE) [ Inconsistert PE
[ - .- Bl ol Igenomel
. . Bl Sclicresc itrans me)
¢ GEMtools rna-pipeline plizread ltranzcriptom
i 1
E[ Genome ] I Transcriptome I [ De novo (1) E
! 1
L 1
*—Li H GEM split-mapper
- L= | —_— De novo (2)
CHD - === - .-

Mapped reads

Unmapped reads

Split-mapped reads
(different chromosomes and strands)

{ii) ChimSplice \G ;

(iii) ChimPE

Detection of chimeric splice junctions

Gene A _\/_\/I:l\\/lzl
[e—

}Splib—mds
E— 9

Gene B I:k):KF

l Chuster split-rends

into splice junctions

Detection of supporting Paired-ends (PE)

Gene A W
—— (‘='] o
_‘__"\}: — Dlsc;E ant

Gene B

junction cansistency

________________________ __.l Evaluate discardent PE

Chimeric Staggered = L=
junction Split-reads b - <_
cluster — =0 [—| —
(] Consensuz | | e = —
GT  AG) junction
seg ——— wnd JUR N i
Consistent PE Inconsistent PE )
]
Chimera candidates D

(iv) ChimFilter

At exon boundaries
| |

Not at exon boundaries !

[==2Temalsupport | [ ==& Total supper

T
[ ==TEpltreads | [ ==25plit-rescs

[-= 2 corsistere PE

[== = conzizzertpe |

[H ighly supported chi meras]

Chimera categories

» Reacdthrough = Inverted
s Intrachromosomal = Interstrand

» Interchromosamal

Supporting evidence

—
e 3 censistEnt
) FE
—
—
—
—

ChimPipe output

4 split-reads

Chimeric transcript

Source: ChimPipe: Accurate detection of fusion genes and transcription-induced chimeras from RNA-seq data; Bernardo Rodriguez Martin et al.; doi: http://dx.doi.org/10.1101/070888
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