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Abstract

Integrated genomic and transcriptomic analysis has been proven to provide more insights in cancer research. To date, most
reports show that integration happened only at the analysis stage, while genomic and transcriptomic data were still acquired

in separate, sequential experiments. We have developed a novel and integrated NGS workflow, which enables the analysis
of multi-omics biomarkers (DNA SNV, RNA SNV, RNA fusion and RNA expression) from the same input material.

The QlAseq multimodal workflow starts with total nucleic acid extraction from various sample types, such as FFPE tissue
sections, cells and fresh biopsies. Then, total nucleic acid fragmentation, end repair, differential tagging for genomic DNA
and cDNA molecules and target enrichment are performed together in a single tube. Separate DNA and RNA libraries
can be generated in the final amplification step using specific PCR primers, which are then ready for quantification and
sequencing.

The technology leverages single primer extension (SPE) chemistry for efficient targeted enrichment. Both DNA and RNA
loci can be combined in a single enrichment panel design. The final library also contains unique molecular indexes for

removing amplification artifacts from variant calling and quantitative expression analysis.

Multimodal technology realizes simultaneous library preparation and analysis from DNA and RNA, which reduces sample

consumption, simplifies the process and enables confident variant calling and precise gene expression analysis.
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QlAseq multimodal workflow. Total nucleic acids are first isolated from blood, FFPE, serum/plasma or cells/tissues. Targeted DNA and RNA libraries are
then prepared following a streamlined, consolidated workflow. After NGS, data analysis and interpretation is performed using either the QlAseq analysis
pipeline or Biomedical Genomics workbench.

Methods

® Total nucleic acid was isolated from either FFPE samples or cell lines using a modified AllPrep® DNA/RNA FFPE Kit
protocol (QIAGEN).

® DNA and RNA amounts were quantified using the QuantiT™ dsDNA Assay Kit and Quant-iT RNA Assay Kit (Thermo

Fisher Scientific), respectively.
® The QuantiMIZE System (QIAGEN) was used to determine FFPE DNA quality.
* Multimodal targeted DNA and targeted RNA library prep was performed with the QlAseq workflow and sequencing

was performed on a MiSeq® (llluminal).

Multimodal Libraries and Primary Mapping Statistics
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Bioanalyzer traces of QlAseq multimodal libraries. Libraries1-5: FFPE samples; Library 6: HD200 Quantitative Multiplex Reference Standard FFPE
(Horizon); Library 7: Seraseq® FFPE Tumor Fusion Reference Material v2 (SeraCare); Library 8: HT 1080 cells. All libraries were the expected size.

In addition, both the DNA and RNA libraries correlate well with the QlAseq DNA QuantiMIZE (QIAGEN) QC score (not shown). The lower the QC score,
the larger the fragment size.

Mapping statistics. Primary mapping statistics are shown for the multimodal DNA and RNA libraries prepared from Library 6, Library 7 and Library 8.

Multimodal DNA Library 5: Library 6: Library 7: Library 8: Multimodal DNA Library 5: Library 6: Library 7: Library 8:
mapping metric FFPE tissue HD200 FFPE  Seraseq FFPE  HT 1080 cells mapping metric FFPE tissue HD200 FFPE  Seraseq FFPE  HT 1080 cells
Read pairs total 1070367 1473747 347392 365383 Read pairs total 773072 702337 752570 1241416
Alignment pairs (%] 1020721 (970) 1398354 (98.0) 328000 (970) 346746 (97.0) Alignment pairs (%) 678937 (96.0) 665158 (98.0) 700243 (970) 1151029 (98.0)
Reads with primers 1013784 1392913 325077 345505 Reads with primers 645404 649281 676802 1134899
Ondargef reads (%) 843455 (83.2) 1283747 (92.2) 292924 (90.1) 309364 (89.5) Onarget reads (%) 279198 (43.3) 528003 (81.3) 532654 (78.7) 958652 (84.5)
Too short reads, % 16.0 6.9 8.8 9.7 Too short reads, % 43.1 14.8 15.2 11.0
Off-target, % 0.8 1.0 1.1 0.8 Off-target, % 13.6 39 6.1 4.5

Results: HD200 Variant Analysis and Seraseq Fusion Analysis

HD200 variant analysis. Variants were called using the QlAseq multimodal
data analysis pipeline. All variants were called as expected. Variants were
detected down to 1%.

+ Curated fusions
Ll
. ExpeCted Experlmental Fusions reported in this category have an entry in our internal fusion database and both observed breakpoints on RNA-level (mostly splice-sites) are
Chromosome Gene Variant frequency, % frequency, % wilin 15 by of Ihe known fusion.
(i i
1. KIFSB—-RET, QuantScore: 431.3, Qualitative: CIEYED. Class: GRmmy. Fiters: (NA)
7q 34 BRAF V600E 10.5 70 2. SLC34A2-ROS1, QuantScore: 350.3, Qualitative: (D). Class: GEED. Fiters: (NA)
3. TPM3-NTRK1, QuantScore: 279.8, Qualitative: CJEYED. Class: GIERD . Fiters: (NA)
4. FGFR3-TACC3, QuantScore: 257.4, Quaiitative: (. Class: GIIERy. Fiters: (NA)
7p'| 2 EGFR DE746 _ A75O 2.0 1.0 5. IMPRSS2-ERG, QuantScore: 253.3, Qualitative: (Y[, Class: @I, Fiters: (NA)
) ) 6. SLC45A3-BRAF, QuantScore: 228.4, Qualitative: CEYFID. Class: GIEmD . Fifers: (NA)
7. PAXS--PPARG, QuantScore: 200.6, Qualifafive: m Class: GIEEED, Fifters: (NA)
7p'| 2 EGFR L858R 3.0 3.2 8. FGFR3-BAIAP2L1, QuantScore: 203.8, Qualitative: G, Class: GIEED. Filters: (NA)
. : 9. EML4-ALK, QuantScore: 187.5, Qualitative: (Y. Class: GIEED. Filters: (NA)
10. CD74--ROS1, QuantScore: 163.0, Qualitative: (YD Class: CRED. Filters: (NA)
7p'| 2 EGFR T790M 1.0 1.0 11. NCOA4-RET, QuantScore: 134.5, Quaittative: CRERD. Class: GIED. Fiters: (NA)
: : 12. ETV6-NTRK3, QuantScore: 37.2, Quaitative: (YD, Class: CLEE. Fiters: (NA)
/p12 EGFR G/19S 24.5 24.6
« High-confidence fusions
] 2p] 2 ] KRAS G] 3 D ] 50 ] 75 Fusions reported in this category are very likely to be real, both due to sufficient guantitative evidence as well as because the detected splice-
junctions are known. Both splice sites (5" and 3') are annotated. However, fusion transcripts of genes located near each other might be due to
readthrough cis or even frans splicing of primary transcripts.
12p12.1 KRAS G12D 6.0 7.4 _ e i _
1. LMNA-NTRK1, QuaniScore: 272.1, Qualitative: (Y. Class: (Pass), Filters: (NA)
2. EGFR-SEPT14, QuantScore: 37.2, Qualitative: CJEYD. Class: (Pass), Filters: (NA)
1p13.2 NRAS Q61K 12.5 13.1
¢ Low confidence and filtered fusions
3926.3 PIK3CA H1047R 17.5 17.1
Exon Skipping

Irregular splicing was examined and the following cases need attention:

1. MET (99.7%: MET-001 exon 13 — exon 15)
2. EGFR (99.1%: EGFR-001 exon 1 — exon 8)

SeraCare fusion analysis. Fusions were called using the QlAseq multimodal
data analysis pipeline. All fusions were called as expected, including two
exon skipping.

Sample to Insight

Results: Robustly Co-analyze DNA and RNA
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Variant allele frequency analysis (%): DNA vs. RNA. Variant allele frequencies
were called in DNA and RNA. RNA variants represent actual expressed

variants, enabling the prioritization of variants calls for follow-up assessment.
In addition, RNA editing can be studied.

Robust correlation with RNA-only workflow. QIAseq multimodal workflow
and QlAseq targeted RNAscan workflow (QIAGEN) were performed on
THP-1 and Hela cells. Differential expression analysis was then performed.
Fold-change results between the two technologies is virtually indistinguishable
demonstrating the robustness of the QlAseq multimodal workflow.

Conclusions and Future Direction

Conclusions

* QlAseq multimodal technology enables robust, simultaneous library preparation and analysis from DNA and RNA.
* QlAseq multimodal reduces sample consumption and streamlines the NGS workflow.

* QlAseq multimodal has been benchmarked using standard samples from Horizon and SeraCare.

* QlAseq multimodal works well with total nucleic acid mixtures from both FFPE samples and cell lines.

SNV/SNP, fusion and expression analysis can be reliably analyzed from both DNA and RNA simultaneously using this

integrated workflow.

Future direction
® Incorporation of additional functionality.
® Incorporation of unique dual indexing (UDI) technology.

® Integration of downstream interpretive analysis.
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