Optimized RNA Seq library preparation for fusion calling from FFPE samples
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Introduction Longer Inserts Improve Fusion Calling De Novo Fusion Calling with FFPE and WTA

Gene fusions resulting from chromosomal rearrangement, duplication, or deletion can be important drivers A Modified SPRI Modlates Mean Insert Size B Library Complexity is Preserved C Improved Fusion Calling Fusion Input Mass Detected Breakpoint Spanning Reads
) o ) . ) ) ) of Breakpoint-spanning Reads 23000.. 0.
of cancer. As such, identification of gene fusions can play a valuable role in selecting targeted therapies. o o | 20 ng 3
One of the most widely used methods for detecting fusion transcripts is targeted RNA sequencing. m ox _ g | Sample 1 EMLA4-ALK 50 ng yes 2
This approach utilizes a combination of target enrichment which increases sequencing efficiency by 3 £ g | 200 ng 5
focusing reads on regions of interest coupled with analysis for known fusions within those regions. z £ F o 20 ng 14
While effective at detecting known fusions, this methodology limits discovery of novel fusions. 5 £ g Sample 2 MET exon 14 Skipping 50 ng yes* 17
= - & | 200 ng 18
: : , , : : , | 0 20 ng 3
Herein, we set out to determine if whole transcriptome analysis (WTA) — sequencing of the non-ribosomal 0 r———— Setaseq FFPE Setaseq FFPE o g ik 50 3
. - . : : . : : . ample - ng yes

transcriptome — can be utilized fOI’.fUSIOﬂ detection. First, we eStabl'Shed_ d?teCtIOﬂ (_)f 1 6 TUS'OHS using Figure 2. Modified SPRI achieves longer inserts and improves fusion calling. (A) Mean insert size of breakpoint- 200 ng ,
both target enrichment and WTA with Seraseq FFPE control samples. Building off this initial success, we spanning reads increases with decreasing post amplification cleanup ratio. Magnitude of increase agrees with insert 20 e -
optimized the whole transcriptome library prep to allow for longer insert sizes without reducing library size across the whole library. (B) Library Complexity, measured by unique genes detected, is preserved with decreasing Sarolea ek o N 28
complexity to increase the likelihood of de novo fusion detection. Next, we utilize the optimized whole SPRI ratios. (C) Number of deduplicated breakpoint-spanning reads increases with decreasing post amplification SPRI i oo ngg ’ v
transcriptome library preparation method with true FFPE samples previously demonstrated to be fusion cleanup ratio. Duplicate libraries were generated with 100 ng of Seraseq FFPE Fusion RNA. o :
p03|t|ve.. Flrjally, we extend the analysis with a de Novo fusion ca.lllng anaIyS|.s pipeline. sample 5 (IR Song o .
Results indicate that WTA can be used to detect fusions even with challenging samples. 200 g )

Q u al ity Who I e Tra nscri pto me Li b ra ries fro m FFPE Table 1. Fusion calls for de novo fusion calling analyses with five FFPE samples each at 3 input masses.

Counts are averages of duplicate libraries. *MET exon skipping variant was detected and supported by
A Passing Filter Reads Aligned B Insert Size >10 deduplicated breakpoint spanning reads per library, when using a targeted fusion analysis method,

DeteCt Kn Own FUSionS With Wh0|e TranSC ri ptome 1201 250 but was not detected in the de novo fusion analysis, which was not designed to detect intra-gene events.
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Materials and Methods

RNA samples: RNA was extracted using the Promega ReliaPrep™ Total RNA Miniprep System from Seraseq

O cample1 | Sample2 | Sample3 | Sample4 | Sample’ T samplel | Sample2 | Sampled | Sampled | Samples FFPE Fusion RNA v4 Reference Materials, which contains 16 clinically relevant gene fusions.
b M 20ng M 50 ng 200 ng M 20ng M 50 ng M 200 ng
| c o FFPE: Total nucleic acid from fusion-positive FFPE samples was obtained from University of Colorado
v Duplication Rate Figure 3. Total nucleic acid from real FFPE samples Anschutz Medical Campus.
50. 1 b produces high-quality RNA-Seq libraries. Whole
| transcriptome libraries were prepared in duplicate from Library Prep: Libraries were prepared using the Watchmaker RNA Library Prep Kit with or without
‘ 0- 20, 50, or 200 ng of RNA from five total nucleic acid FFPE Polaris Depletion according to manufacturer's instructions. Post amplification SPRI purifications were

Polaris Depletion Polaris Depletion +TE No Depletion +TE Polaris Depletion Polaris Depletion +TE No Depletion +TE . o ) . .
samples. Data are shown for (A) alignment rate, (B) modified, where noted, for control samples. Libraries prepared from the FFPE samples utilized a 0.8X post

duplication ate, and (.C) mean insert size. Al plots S.hO\.N amplification SPRI cleanup. The IDT XGEN stubby adapter system was used.
average of duplicate libraries. Overall library quality is high.
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C Deduplicated Breakpoint-spanning Reads per Gene Fusion A ted the FFPE | h hiagher duplicati
®] 5 EXpECLEd, e sampies have higher dupication Target Enrichment: Libraries were enriched using the Twist Exome 2.0 panel and Twist Hybridization
m rates and similar or lower insert sizes, compared Cant R ts. 200 ib qf "
] to the Seraseq control (Figures 1 and 2). Sample 5 apture Reagents. Ng PEFiiDrary was Used 1or Capture.
20' " Sample1  Sample2  Sample3  Sampled  Sample5 underperforms relative to other samples, indicative of . :
_ W20ng  WS0ng  W200ng inherent variability from one FFPE sample to the next. Sequencing: Libraries were sequenced 2 x 150 bp on a NovaSeq 6000 (Seraseq controls) or NextSeq 2000

(FFPE). Data were randomly subsampled to 28.5M read pairs.

12: I i I .J |J IJ IJ IJ IJ .J I |1 . Data Analysis: Subsampling was performed with Seqtk, followed by quality control using FastQC and
o ¢ e RObUSt Gene DeteCtlon adapter trimming with Cutadapt. Reads were aligned with the STAR aligner, and the duplicates marked
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A Sample 3 - 20 ng nput B Sample 3 - 20 ng vs 200 ng C with featureCounts. Various metrics concerning RNA quality, coverage biases, GC content, read distribution,
M Polaris Depletion Polaris Depletion +TE I No Depletion +TE . Sample 3 aﬂd pOtentIal COﬂtamlﬂatlon Were SUbsequently aSSGSSGd US|ng T.OOlS SUCh aS Plcard, RSGQC, and KrakenZ,

among others.
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De novo fusion calling: Nf-core's rnafusion was used with the following updates: Seqgtk sample was added
as an upfront process for downsampling reads for rarification and fusion-report was modified to work
without the dependency of COSMIC, thus incorporating Mitelman and FusionGDB 2.0.
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W intronic 1 Intergenic ® mRNA ¥ Ribosomal WTA - Deduplicated Read Counts (Log2) Sample 5 - 20 ng Input Sample 5 - 20 ng vs 200 ng e Watchmaker Genomics RNA Library Prep Kit with Polaris Depletion produces high-quality whole
- . Sample 5 transcriptome libraries from limited inputs and challenging samples enabling confident gene
Figure 1. Target enrichment (TE) increases support for fusion calls. Libraries were prepared in duplicate from ' detection and expression analysis.
100 ng Seraseq FFPE RNA using the Watchmaker RNA Library Prep Kit with (1) Polaris Depletion upstream, (2) Polaris - g )
Deplet?on UpStfea”] and TE dQWHStre?m' of (3). Just TE downstream. Data are Iabglled as f’PoIaris Depletipn”, Polaris ; ) : e Optimization of post amplification SPRI cleanup allows for longer insert sizes without sacrificing
Depletion + TE", or “No Depletion + TE" respectively. Data are shown for (A) mean insert size, (B) duplication rate, g 3 725 . . . . . . . . o N
(C) deduplicated breakpoint-spanning reads per gene fusion, and (D) library composition for all 3 workflows. Inclusion ; iff g . library complexity. Longer insert sizes improve fusion detection, especially in de novo analysis pipelines.
of Target Enrichment focuses sequencing on mRNASs and increases the number of breakpoint spanning reads. ; 8 > b 3 e
Incorporation of Polaris Depletion upstream of target enrichment decreases ribosomal RNA reads. (E) Expression g . 3 F 4 * Whole transcriptome sequencing is compatible with de novo fusion calling analysis.
correlation analysis between +TE libraries shows that target enrichment alters relative gene expression. 4 LA ' 8 ':{".
. Wang  Wsong  m200ng * De novo fusion calling and whole transcriptome approaches enable gene expression analysis
: : » e 5 0 E and fusion identification from a single dataset.
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Figure 4. Robust gene detection with FFPE samples. Samples 3 and 5 were chosen as representative of the normal
range of FFPE sample quality. Gene expression is highly correlated between (A) replicate libraries and (B) across
inputs. (C) Gene detection overlap is high across all inputs.
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