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Known recurrent fusions (COSMIC) 
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Only 48 recurrent fusions in COSMIC with frequency 1% or higher 

Tissue specific 
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5 or more tissues 

Compiled from fusions in COSMIC database (v66) 

Tissue Specificity? 

More recurrent fusions 
with large sample sizes and 
sensitive methods? 



Fusion discovery from transcriptome sequencing 
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Gene A Gene B 
Discordant reads 

Anchor reads 
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Alternatively mapping to 
Genes A or B 

Gene C 
Unannotated 
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Sources of ambiguously mapping anchor reads 
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Minimum Overlap Junction Optimizer (MOJO) 
Method to identify canonical fusions from paired-end 

transcriptome data 

Bandlamudi et al., in preparation 
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Sensitivity (canonical fusions) 

131 True Positives # methods 
sharing 
fusion 

MOJO Sensitivity 
Comparison dataset: 18 cell lines transcriptomes with previously 

validated fusions 

Overlap in sensitivity (# of fusions)  

low 

high 
Sensitivity 



MOJO Specificity 
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Increasing specificity with higher 
number of anchor reads 



Fusion discovery across 7,175 tumor transcriptomes 
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Node Spec:  24 cores (@2.4Ghz), 32 GB RAM (“Beagle” – Cray XE6 supercomputer) 



MOJO 
High sensitivity mode 

Recurrence? 

Post-processing 

Recurrent 

Singleton 

Gene A Gene B 

2 discordant reads 

1 anchor read  

Gene A Gene B 

High stringency 
Two “proper” anchor reads 

*- exceptions for 5’/3’ read coverage bias 

Pooling reads across samples 
Gene A Gene B 

Filter out artifacts 
(alignment/annotation) 

Gene A Gene B Gene A Gene B 

High confidence calls 

Gene A Gene B 

At least 1 call w/high stringency 
Two “proper” anchor reads 

*- exceptions for 5’/3’ read coverage bias 

15,582 high confidence somatic  fusions 

Filter out artifacts and polymorphic fusions 
• Fusion calls from  1,790 normal transcriptomes 

across 33 tissue types in GTEx 
• Fusion calls from 674 paired normal transcriptomes 

in TCGA 



Known recurrent fusions 

1 

Non-canonical 
fusion 

FGFR3::TACC3  
in 20% of GBMs 
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Novel fusion 
Known - COSMIC 

Novel fusion – Cancer gene 

Distance 
between genes 

Inter-chrom. 
>10 MB 

<10 MB 

<1 MB 

# of fusions 

> 20 
11-20 
4-10 
Three 
Two 
One 
Zero 



Novel recurrent fusions 



Functional validations workflow 

NIH3T3 

Fusion 
construct 

Synthesize  
fusion constructs Proliferation 

Invasiveness 

Evasion of 
apoptosis 

Package into viral 
particles 

Create stable cell 
lines expression 
fusion construct 

Assay for three 
hallmarks of cancer 

Preliminary results: 
• 11 fusion constructs (9 fusion genes) 

– 7 novel fusions + 2 positive controls 
• MCF10A 
• Proliferation assays: 

– EdU 
– CellTiter Glo 

MCF10A 

Pei-Chun Lin 



Proliferation assays MCF10A 
EdU  CellTiter Glo 
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p-value: * < 0.05, ** < 0.01, *** <0.001 
 

Pei-Chun Lin 



Future directions 

• Functional validations 
– Using a different cell line (NIH3T3) 
– Over-expressing full length individual genes as controls 
– Further characterization of functional fusions 

 
• Recurrently fused genes are of significant interest 

 
• Integrated analysis to find associations between 

copy number alterations, mutations and fusion 
events 
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