
RNAseq applications – Fusion genes

• RNA-seq has the potential to discover genes created by complex chromosomal 
rearrangements:
• 'Fusion' genes formed by the breakage and re-joining of two different chromosomes have 

repeatedly been implicated in the development of cancer. 

• Notes:
– Fusion may not happen at exon boundaries
– Non-canonical junctions must be considered
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Maher et al., 2009

Chimeric Transcript Detection
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Chimeric Transcript Detection
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A- Whole pair-end

B- Pair-end + fragmentation

C- Direct fragmentation
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Algorithms&

•  Whole+paired%end+
–  tools&align&the&full*length&paired*end&reads&on&a&
reference&and&use&discordant&alignments&to&
generate&a&set&of&puta@ve&fusion&events&which&are&
finally&selected&using&several&addi@onal&pieces&of&
informa@on&or&filtering&steps.&&

&

– DeFuse&and&FusionHunter&&



Algorithms&
•  Paired%end+++fragmenta5on+

–  the&full*length&paired*end&reads&are&aligned&on&a&
reference&and&the&discordant&alignments&are&used&
to&generate&new&pseudo*reference.&&

–  reads&unaligned&in&the&first&step&are&fragmented&
and&re*aligned&on&the&pseudo*reference&to&
iden@fy&junc@on*spanning&reads.&Only&the&
puta@ve&fusion&events&associated&with&junc@on*
spanning&reads&are&selected&as&input&to&the&
filtering&step.&&

– TopHat*Fusion,&ChimeraScan&and&Bellerophontes&&



Algorithms&

•  Direct+fragmenta5on++
– Each&read&is&fragmented&before&the&first&
alignment.&The&algorithm&finds&fusion&candidates&
aligning&read&fragments&to&a&genomic&reference.&

– The&puta@ve&fusion&events&are&then&selected&
implemen@ng&a&set&of&filtering&steps&&

&
– MapSplice,&FusionMap&and&FusionFinder&&
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Read#Through#Transcripts#Filter*

gene*x* exon*Xn+1*exon*Xn*

Junc,on#Encompassing#Spanning#Reads#Filter##



PCR#Ar,fact#Filter#*

Homology#Filter##

gene*X*

gene*Y*
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Tes@ng&false&discovery&rate&of&
fusion&detec@on&tools&(nega%ve_set)&&
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Tes@ng&sensi@vity&of&fusion&
detec@on&tools&

•  In&this&analysis&of&sensi@vity&we&considered&
three&parameters:&&
–  the&total&number&of&true&posi@ve&fusions&detected&
by&the&different&tools&(called&ALL)&

–  the&number&of&true&posi@ve&fusions&detected&with&
the&correct&orienta@on&of&the&two&genes&(called&
right)&

–  the&number&of&true&posi@ve&fusions&detected&with&
erroneous&orienta@on&of&the&two&genes.(called&
wrong).&
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FM_se:&synthe@c,&50&fusion&events&



Edgren_se:&real,&27&experimentally&
validated&fusion&genes&&
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synthetic datasets encompassing fusion events may not fully  
catch the complexity of a RNA-seq experiment  



miRNAseq

Figure 2:

RNAseq applications – microRNA
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Figure 3:
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miRNAseq
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miRNAseq
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miRNAseq

Figure 13:
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Figure 15:



RNAseq applications – circRNA

• Circular RNA (circRNAs) are abundant, and are found in Human cells
• There are between 25,000 and 100,000 circular RNA species per cell!
• They far outnumber linear RNAs

• CircRNAs are transcribed from DNA but are not translated into proteins
• CircRNAs explains several phenomena observed in DNA

• including non-colinear splicing, scrambling of introns, and certain non-coding antisense transcripts.
• CircRNAs may be implicated in disease processes and aging.

• In particular, splice variants of one long circular RNA known as ANRIL located at the exact location of the 9p21.3 
SNP reproduce the same phenotype as the 9p21.3 “risk allele” seen with atherosclerotic disease. 

• The research/genetic establishments rejected the idea of circular RNA for a long time, so a great 
deal is yet to be learned about them.

• CircRNAs are evolutionarily conserved
• passed on from generation to generation

• CircRNAs live in to cytoplasm and are long lasting CircRNAs offer large number of docking sites for 
miRNAs, 
• including ones which are capable of silencing genes – they are like coat racks for siRNAs

• The net impact of circRNAs on gene expression can be significant
• because their siRNA docking sites are competitive with those on genes



• CircRNAs junction point resembles the fusion break 
point in chimeras.
• CircRNAs formation mainly involves coding exons.

RNAseq applications – microRNA
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