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Choice of targeted DNA vs RNA based NGS assay for gene 
fusion detection 

+: finds exact breakpoint

+: can detect “promoter swap” type 
rearrangements (i.e. IgH rearrangements)

-: needs a lot of baits and sequencing 
capacity to cover large intronic regions

-: alignment can be tricky and may miss 
the fusion or not find the partner

-: if small amount of tumor or of DNA the 
sensitivity for fusion detection is lost 

+: detects expressed fusions

+: can work on degraded RNA 

(many more copies of expressed fusion 
than of DNA/cell)

+: detects fusion partner

-: cannot detect promoter swap type

rearrangements (i.e. IgH rearrangements)

-: if RNA very degraded the assay will be 
insensitive





BCR ABL1ABL1BCRDNA-based RNA-based

Detection of gene rearrangements by NGS off DNA

When using DNA, a hybrid-capture based approach is generally required in 
order to cover large intronic regions

Sensitivity of detection depends on:

• Tumor content

• Sequencing coverage

• Quality of intronic coverage

• Repetitive elements

• Low GC content

• Bait design challenges and stringency

• Informatics pipeline Detection of rare events

(more noise for CNV calls)

(less noise

for CNV calls)

ABL1BCR



Detection of gene rearrangements by NGS off RNA

When using RNA, besides transcriptome sequencing, one can use targeted approaches

Sensitivity of detection depends on:
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Analysis of gene rearrangements by NGS

1. Mapping sequence fragments to a reference (pair-end reads that 
overlap or span the fusion junction)

2. Gene fusion detection tools (filtering steps to reduce false positive 
calls)

3. If fusions are detected, visual inspection and interpretation (novelty,        

biological significance)



Example of a  fusion detected off DNA

Chromosome 5

CD74

Chromosome 6

ROS1 intron 32

Example of an intrachromosomal  fusion detected off RNA

Chromosome 7q

BRAF exon 9

Chromosome 7q

WDR91 exon 6



• RNA from 65% of human genes is “chimeric RNA/ chimera”
(ENCODE (The Encyclopedia of DNA Elements) pilot project)

Recent database with >16,000 human RNA chimeras (of note, human genome encodes ~ 20,000 genes)

• Most Chimeras are formed by RNAs from 2 neighboring genes on the same chromosome

1. Technical artifact of RT and PCR reactions part of high-throughput RNA sequencing technology (no DNA basis)
(template-switching, mis-priming, self-priming, DNA or cDNA damage, and PCR-reconditioning)

2. Transcriptional readthrough (no DNA basis)
(cis-splicing of previously unidentified, or newly identified, genes waiting for annotation and characterization)

3. Trans-splicing? 
(two RNA molecules as the substrates but one single mature RNA as the product)

• Other Chimeras can result from

- promiscuous alignment to genes from the same family, with high homology (i.e.CCND1-CCND2)

- gene overexpression secondary to high level gene amplification
(i.e. many EGFR fusions in EGFR amplified glioblastoma)

He Y., Yuan C., et a. Genes (Basel) 2018

False positives! Not all chimeric transcripts are real or pathogenic!

• It is not a readthrough (the genes are not next to each other i.e. HALC1-COLQ)

• The genes are not homologous (i.e. CCND1-CCND3, TMP3-TMP4..)

• It is not a recurrent artifact/known false positive seen in many samples
pool of healthy controls

• It is supported by a high number of (unique/deduplicated) fusion reads with unique 
mapping

• It occurs at exon boundaries (rare exceptions)

• The direction of transcription for the 2 genes is not against each other (exceptions)

• Previously published, ideally in the same tumor type, with similar exons involved
and if different partner, with similar domains

• The fusion protein is in-frame (rare exceptions)

• Biological significance

A fusion transcript likely significant/pathogenic



Fusion transcripts more difficult to review, understand frame or

Biological significance

• Inversions/three-way fusions

• Chimera with an insertion of intronic sequences

• Fusions occurring not at the intron-exon boundary but within exons 

(i.e. MYH11 in CBFB-MYH11 fusion)

• Fusion with the 5’UTR/promoter of a gene (i.e. TERT promoter) 

• Fusions not in-frame (i.e. some PAX5 fusions)

• Fusions of unknown biological significance 

Information provided by the variant call file for fusion detection off RNA

# Reads supporting the fusion         

(100s = likely real/driver; single digits, teens= likely artifact or subclonal)

Genes, transcripts IDs, exons involved

(i.e. BCR exon 14 (ENST00000305877), ABL1 2 (ENST00000318560))

How many bases cross the junction between the 2 genes     

(i.e. 5 bases= non specific alignment; vs. 30 bases=confident)

Distance from intron-exon boundaries

(i.e. left gene boundary: 0; right gene boundary: 0)



# Times seen (in the laboratory)         

(0=novel, pay attention; 500=artifact)

# Times reported (in the laboratory)                                                                        

(1/200= error (i.e. first time seen); 12/12=real)

Information provided by the variant call file for fusion detection off RNA

Ideally, also:

Already reported in fusion databases or not

(if Yes, you can be more confident, particularly if tumor type fits)

Frame status

(i.e. in-frame vs out-of-frame)

Many other possible

Chimera are always 

also seen!!!

#Times seen

#Times reported
#Fusion calls

Information provided by the variant call file for fusion detection off RNA



>read_1

TCATTCCGCTGACCATCAATAAGGCAGAAGCCCTTCAGCTGCCAGTAGCATCTGACTTTGAGCCTCAGGGTCTGAGTGAAGCCGCTCGTTGGAA

CTCCAAGGAAAACCTTCTCGCTGGACCCAGTGAAAATGACCCCAACCTTTTCGTTGC

>read_2

GTGAAACTCCAGACTGTCCACAGCATTCCGCTGACCATCAATAAGGAAGAAGCCCTTCAGCGGCCAGTAGCATCTGACTTTGAGCCTCAGGGTC

TGAGTGAAGATCGGAAGAGCACACGTCTGAACTCCAGTCACGCTACGCTATCTCGTA

………

Manual review of fusion reads to verify frame status, direction..

1. BLAT the reads with the chimeric transcript and /or

2. Use IGV (BAM files) to  review the chimeric reads
Use Expasy to ascertain translation

UCSC genome browser



BLAT tool

Paste fusion reads here

1. UCSC : BLAT tool to review frame status



BCR

Exon 13

Last aa:

…TINKE

ABL1

Exon 2
first aa:

…EALQRP

1. UCSC : BLAT tool to review frame status

ExPASy translate: tool to review translation of fusion transcript



BCR ABL1

ExPASy translate: tool to review translation of fusion transcript

Last aa:

…TINKE

first aa:

…EALQRP

2. IGV to review fusion reads and direction 

BCR ex 13 ABL1 ex 2



AML with complex karyotype that included t(X;8)(p22.1;q22) in addition to the t(8;21)

RUNX1 ex 3-RUNX1T1 ex 2

RUNX1 ex 4- RBM10 ex17

Complicated case: 2 fusions? A 3-way fusion? Significance?

X

RUNX1 ex 3-RUNX1T1 ex 2



RUNX1

…PREPR

RUNX1T1

…(D)RTEK…

RUNX1-RUNX1T1 is in frame



RBM10-RUNX1

RUNX1

(R)HRQKL..

RBM10

..KTAQQ

RBM10-RUNX1



RBM10-RUNX1 is not in frame

RBM10

..KTAQQ

RUNX1

(R)HRQKLD..

Do you report both?

Complex karyotype that included t(X;8)(p22.1;q22) in addition

to the canonical t(8;21)



Another complicated case: 2 fusions? A 3-way fusion?

RUNX1 exon3

SH3BGR exon 3

GRIK1 exon2

RUNX1 exon 2

Complicated case: 2 fusions? A 3-way fusion?

RUNX1, GRIK1, and SH2BGR are located all on Chr21q21-q22

GRIK1

RUNX1

SH3BGR



RUNX1- SH3BGR

Exon 3 Exon (1-) 3RUNX1 SH3BGR

An inversion leads to SH3BGR exon3-RUNX1 exon 3 

RUNX1

SH3BGR

RUNX1 ex 3 SH3BGR ex 3

RUNX1 exon 3 SH3BGR 3-1



SH3BGR

RUNX1

SH3BGR-RUNX1: not in frame or alt frame?

RUNX1-GRIK1

An inversion leads to GRIK1 exon2- RUNX1 exon2 

GRIK1 RUNX1

Exon 17-2 Exon 2-1

RUNX1

GRIK1



RUNX1-GRIK1 is in frame

GRIK1RUNX1

RUNX1 exon 3 SH3BGR 3-1

GRIK1 RUNX1

Exon 17-2 Exon 2-1

GRIK1

RUNX1

SH3BGR

1-23

3-way fusion?

2 fusions?

Karyotype: complex karyotype

44-46, XY, add(5)(q11.2),-7,+11[5],add(11)(p11.2)[3], der(11)t(8;11)(q?13;p13), der(13;14)(q10;q10),+14,add(14)(p11.2),-

16,add(17)(p11.2),+21,ider(21)(q22), +mar1[3],+mar2[2][cp20]



Conclusions

• Gene fusions can be detected off targeted sequencing

• RNA sequencing can detect known and novel fusion partners

• Many chimeric transcripts are usually seen, most of which are artifacts

• Reportable fusions are usually  

- highly expressed

- not seen in a lot of case

- in frame

- biologically significant (i.e. activating kinases)

Thank you!



Clinical interpretation of gene fusions

Valentina Nardi

Question: What are the features that support a reportable gene fusion?

1) Detecting the gene fusion in a high number of reads and specimens

2) Detecting a gene fusion that involves adjacent fusion genes

3) Detecting a gene fusion involving genes with high similarity

4) Detecting an in-frame tyrosine kinase activating gene fusion 
5) Detecting a gene fusion involving a gene highly amplified in the specimen sequenced

Answer: 4)

Justification / Reference

Reportable gene fusions will be rather uncommon, seen in a high number of reads, not involving homologous 

genes, not seen in the setting of a high gene amplification, in frame and often involving and activating kinases.

Ref PMID: 25500544

The landscape and therapeutic relevance of cancer-associated transcript fusions.

Keywords: rearrangement, RNA sequencing, chimera, translocation, chimeric transcripts,  

Take Home Summary:

Gene fusion detection off targeted sequencing is effective but requires manual review of the sequenced 
reads to avoid false positive calls.


