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Supplementary Methods

RNA-seq analysis and fusion calling

Fusion gene detection was performed using Arriba® and FusionCatcher?. FusionCatcher was applied to
untrimmed and unmapped reads, as recommended by the authors. Ensembl release 98 was used as
reference/annotation in FusionCatcher analyses (required resources were generated by using the
'fusioncatcher-build' module). Arriba was applied to trimmed and mapped sequence reads, as
recommended by the authors. Trimming of adapter and low-quality sequences was done using
Trimmomatic®. Reads were mapped to the human genome GRCh37 (GENCODE release 32) using STAR?.
Gene expression analysis was done using FeatureCounts®. Read counts were normalized to transcripts
per million (TPM). Insert size per sample was estimated by Picard toolkit®. Detailed parameters are

available in Table S8.

Definition of known/true fusions and high/low evidence

Highly reliable fusion genes (recurrently reported, validated by PCR, part of ChimerSeqg-Plus) from
ChimerDB’ were defined as known fusions. Corresponding karyotypes were obtained from the
Mitelman Database®. Known fusions, identified from all samples in the present study, which were
supported with high evidence by at least one method used in routine diagnostics (i.e., Karyotyping
and/or MDx), were defined as benchmark (true fusions). High and low evidence for a fusion gene were
defined separately for Karyotyping, MDx and RNA-seq, based on the following criteria: High evidence
by Karyotyping was defined as chromosomes as well as chromosomal bands matching the localization
of the two partner genes in the respective fusion; low evidence by Karyotyping was defined as a match
of chromosomes only, while chromosomal bands did not match or information on bands was missing.
High evidence by MDx was defined as confirmation of a specific fusion gene by FISH or PCR; low
evidence by MDx was defined as the confirmation of a rearrangement by FISH of only one fusion
partner (e.g., using a break-apart probe). High evidence by RNA-seq was defined as fusion genes found
by both RNA-seq based algorithms; low evidence by RNA-seq was defined as fusion genes found by

either Arriba or FusionCatcher alone (Figure S1).

Built-in filters of fusion callers and custom blacklist of fusion genes

All reported fusion events were filtered by the number of supporting reads (minimum 3). Based on
FusionCatcher reports, fusion events with an annotation (Table S9) that implies irrelevant, non-somatic
or false-positive events, as well as fusions whose partner genes showed sequence homology by
common mapping reads were excluded. Based on Arriba reports, we excluded fusion events scored
with a "low" confidence. Further, we defined a blacklist of fusion genes detected in 39 healthy samples

(Table S10).
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Promiscuity Score

Due to biological or technical reasons, certain genes are prone to be falsely detected as part of fusion
events with many different partners. Therefore, we defined a custom Promiscuity Score (PS) which
measures, for each fusion event detected, the average amount of varying fusion partners of the two
partner genes involved in that fusion. First, P, was defined as the average number of varying fusion
partners of a specific gene that were identified by Arriba and FusionCatcher within the cohorts. Second,
PSfyusion Was defined as the average of Py, values of the two genes forming the 5' and 3' end of the
specific fusion:

PStysion = mean(Psr , Pr)
with P = mean(PtrArriba,x: PtTFusionCatcher,x) fOT xin {5’, 3,}
and Ptry , = amount of dif ferent fusion partners
for M in {Arriba, FusionCatcher}

Since the PS is dependent on sequencing characteristics and the number of samples from which it was
derived, cutoffs were set based on the highest PS detected for known fusions in each cohort

individually.

Fusion Transcript Score

It is fair to assume that expression of a fusion gene is closely correlated to the expression of its partner
genes. Therefore, we defined a custom Fusion Transcript Score (FTS) which measures, in TPM, the
expression of a fusion relative to the expression of its partner genes:

FTSpysion = mean(FTSgr , FTS3r)

TPM,, .,
. fusion . I o
th FTS, = 53
wt * = TPMrysion + TPM, for xin {5,373

Calculation of expression in TPM requires the length of the respective transcript. Due to limited length
of the sequenced fragments and the fact that only reads covering the fusion breakpoint can be
accounted for the expression of the fusion gene transcript, exact length and expression of the fusion
transcript cannot be determined. Therefore, TPM values for a fusion transcript were approximated by
using estimated median insert size from mapping. Fusion genes with TPMg, = 0 or TPM3, = 0 are
regarded as artifacts since it is highly unlikely that the partner genes of the fusion show no read
coverage. A minimum cutoff of 0.025 was set for FTS</ and FTS5, which corresponds to one out of
two alleles being affected in a tumor population, making up more than 5% of a bulk sample, which is

representing the normal levels of myeloid blasts in healthy hematopoiesis.
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Robustness Score

Moreover, particular fusion genes eventually pass all filters in some samples but are filtered out in
many other samples that were reported to harbor these fusion genes, indicating false positives. The
Robustness Score (RS) of a fusion gene is defined as the ratio between the number of samples in which
this fusion gene passed all applied filters and the total number of samples in which this fusion gene
was called. Only fusion genes passing all filters in at least half of the reported samples (RS > 0.5) were

considered.

PCR and Sanger sequencing

Primers for PCR validation of the NRIP1-MIR99AHG fusion gene were designed using Primer-Blast® and
a customized reference of the fusion transcript predicted by RNA-seq. We generated two primer pairs,
one spanning the breakpoint of the fusion, and another one capturing exon 4 of NRIP1 as control (Table
S6). Available cDNA from patient samples was amplified using the KOD Xtreme Hot Start DNA
Polymerase (Sigma-Aldrich, St. Louis, MO, USA) in 35 Stepdown cycles. Denaturation temperature was
95°C, annealing temperature was decreased stepwise during the first 12 cycles from 74°C to 62°C and
elongation temperature was set to 68°C. PCR products were electrophoresed on a 1.8% agarose gel.
Purification of the PCR products was done with QIAquick PCR Purification Kit (Qiagen, Hilden,

Germany) and sent to Eurofins Genomics (http://www.eurofinsgenomics.eu) for Sanger sequencing.

Nanopore sequencing

Starting from 50ng of total RNA, 1st strand cDNA was synthesized with Maxima H Minus Reverse
Transcriptase (Thermo Fisher Scientific, Waltham, MA, USA), an oligoT anchor primer and a strand-
switching primer from PCR cDNA Barcoding kit (Oxford Nanopore Technologies, Oxford, UK). Full-
length cDNA was enriched and amplified by PCR with barcoded, coupling-activated primers (Oxford
Nanopore Technologies, Oxford, UK) and SeqAmp DNA polymerase (Takara, Kusatsu, Japan) for 20
cycles. After exonuclease | digestion of unincorporated primers and purification using Ampure XP
magnetic beads (Beckman Coulter, Brea, USA), an equimolar amount of barcoded cDNA library was
linked to coupling-activated sequencing adapter (PCR cDNA Barcoding kit, Oxford Nanopore
Technologies, Oxford, UK) and sequenced for 24h on a R9.4.1 flowcell on a PromethlON24 instrument
(Oxford Nanopore Technologies, Oxford, UK). Sequencing reads were mapped with Minimap22°
version 2.17 using default parameters. Genomic breakpoints were identified using the inversion caller
nplnv!! version 1.24 with default parameters. The genomic rearrangement was visualized using

Ribbon?2.
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Supplementary Figures

(AML patient samples]

L (n=806) J

Molecular
Diagnostics

Metaphase Known fusions

Karyotyping (ChimerDB) (FISH/PCR)
N
Matching Specific fusion
chromosomes confirmed by
and bands FISH or PCR

True fusions

I_____'__________________y __________________________________________________ I

1
: Only Rearrangement of Detected by both Detected by !
| chromosomes only one partner Arriba and Arriba only or
' matchin gene of the fusion FusionCatcher FusionCatcher |
! ¢ confirmed by FISH only :

1

Figure S1: Illustration of the definitions for known/true fusions and high/low evidence for detected
fusion events by metaphase karyotyping, molecular diagnostics and RNA-seq.
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Figure S2: Mapped RNA-seq reads of samples from the AMLCG, DKTK, Beat AML and FIMM cohort,

respectively, displayed by the IGV browser. Reads mapped to the locus of the gene A) KMT2A and
B) CBFB.
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Figure S4: Electrophoresis of RT-PCR amplicons of DEK-NUP214 fusion in sample AM-0292-DX.
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Figure S7: Read coverage of the customized reference of the NRIP1-MIR99AHG rearrangement by long
reads from Nanopore sequencing of cDNA from samples A) AM-0028-DX B) AM-0013-DX. Control
samples from two negative patients did not show any coverage and are therefore not shown.
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Legends for Supplementary Tables

Table S1: Clinical data of patient samples from the AMLCG, DKTK, Beat AML and FIMM cohort.

Table S2: Summary of publicly available RNA-seq data of healthy bone marrow samples.

Table S3: List of samples harboring true fusions and evidence by Karyotyping, MDx and RNA-seq for
each case. Dark green indicates high evidence, light green indicates low evidence. Grey represents no

evidence although the respective method was performed.

Table S4: Novel fusion candidates that passed all filter steps and were consistently called between

Arriba and FusionCatcher.

Table S5: List of samples harboring known fusions as reported by RNA-seq that had no or low evidence
only by Karyotyping or MDx. Dark green indicates high evidence, light green indicates low evidence.
Grey represents no evidence although the respective method was performed.

Table S6: Primer sequences capturing the junction of a NRIP1-MIR99AHG fusion transcript and exon 4
of NRIP1 in sample AM-0028-DX and AM-0013-DX. Genomic positions of inversion breakpoints
identified by long reads from Nanopore sequencing.

Table S7: Clinical and genetic characteristics of patients with NRIP1-MIR99AHG fusion.

Table S8: Detailed parameters of tools used in the fusion detection workflow in the present study.

Table S9: Annotations for fusion events as reported by FusionCatcher that indicate artifacts or fusion

events that were detected in healthy samples.

Table S10: Blacklist of fusion genes generated from fusion events that were detected in RNA-seq data

of healthy bone marrow samples.
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