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Supplementary Methods

RNA-seq Data Processing

>60 million read-pairs were sequenced per sample. Reads were evaluated by Fastqc (1)
and low-quality reads and adapters identified and removed using Trimmomatic (2).
Passing reads were aligned by STAR (3) with HG38 genome and Gencode V35 (hg38)
genomic annotation using ‘two-pass’ mode. Transcriptome was quantified by Salmon (4)
(Quasi-mapping mode) using Hg38 reference Genrome (a combined reference of Hg38
reference genome, Gencode V35 transcriptome and decoy sequences) with the following
parameters (K-mer=31, standard EM algorithm and ‘ValidateMappings’). Transcript-level

and gene-level expression was measured in transcript-per-million (TPM).

Alternative Splicing Analysis

To identify differentially spliced events, groups were compared using SUPPA2 (5), which
takes the transcript-level expression profile (generated from Salmon) and genomic
annotation to calculate the ‘Percentage of Spliced-In’ (PSI) for each sample and the
average splicing difference (APSI (dPSI)) between the two groups for each event (6). PSI
measures the splicing level of individual AS event with O being completely spliced and 1
being completely retained. Seven types of AS events were called (Figure 1A). High
quality differential spliced events were defined using TPM >1, P<0.05 from independent
(paired if two groups were from paired samples) T-test, >50% samples in either group
with detected junction reads (PSI #1), and |dPSI| >10%. Significant events that were
differentially spliced (P<0.05, independent t-test and |dPSI| >10%) compared to normal

BMPCs were kept (Supplementary Figure 1).

UMAP plots



SUPPAZ2 detects differential splicing by the expression ratio of transcript variants involved
in each AS event. We similarly used this ratio of expressed transcript variants (TPM>1)
involved in the top 1% most variable AS events across all samples as features to generate

UMAP plots.

Differential Gene Expression

Log2(TPM+1) transformation was applied to remove missing values and rescale
expression levels. Limma (7) was subsequently applied to identify differentially expressed
genes and estimate their fold changes, in which a moderated t-test was performed to
normalize bias among samples and correct the differential expression. Transcript-level
differential expression was performed in the same way. Differentially expressed genes
had a false discovery rate (FDR)<0.05, absolute log2-fold-change >0.48 (fold change >1.4

or <0.71), log2(TPM+1)>1 in comparisons.

Defined high and low activity group based on pathway activity

For the ‘ubiquitin’, ‘proteasome’, ‘spliceosome’, ‘homologous recombination’ and ‘non-
homologous end joining’ pathways, the gene set from KEGG was used. For the ‘DNA
repair’ pathway, the KEGG definition contained more than 500 genes so a signature of
17 genes defined for MM were used (8). For the ‘microhomology-mediated end joining
(MMEJ) pathway, no KEGG definition existed and so a previously published signature of
6 genes was used (9). Unsupervised hierarchical clustering was conducted for each of
the pathways across all samples based on the expression level of genes in the set
(Supplementary Figure 7). A complete list of differential pathway samples can be

found in Supplementary Table 7.
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Supplementary Figure 1. Workflow of this study
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Supplementary Figure 2. Number of AS events identified from 18 comparisons.
(A) Number of AS events with a positive dPSI in the treatment group of each comparison.
(B) Number of AS events with a negative dPSI in the treatment group of each comparison.
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Supplementary Figure 3. Volcano plots of identified AS events in: (A) Biallelic DIS3 comparison; (B) DIS3 mutation comparison; (C) Biallelic TENT5C comparison; (D) SF3B1 mutation comparison; (E) SF3B1 mutation hotspot comparison;

(F) t(4;14)+DIS3 comparison; (G) 1q amplification comparison; (H) t(11;14) comparison. (l) DIS3+t(4;14) vs no_1(4;14)+DIS3_WT comparison; (J). Line plot indicating dPSI changes of AS events in 1g amplification and 1q gain comparison.
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Supplementary Figure 4. Event consistency, Schematic plots of AS events and corresponding transcripts. (A). Venn diagram of events among three translocation comparisons.
(B). Venn diagram of events among three DIS3 comparisons. (C). Venn diagram of events among three TENT5C comparisons. (D). Venn diagram of events among three TP53
comparisons. (E). Venn diagram indicating the consistent events among two DIS3-related comparisons and t(14;16) comparisons.

(F). Venn diagram of events between biallelic DIS3 + t(4;14) and biallelic DIS3 - t(4;14), vs DIS3 wild type + no-t(4;14) comparisons.

(G). Schematic plot indicating the different transcript fates due to a SE event in YIPF1.

(H). Schematic plot indicating the domain changes due to an MX event in SLAMF7.
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Supplementary Figure 5. Dysregulated Gene Ontology Biological Process (GOBP) from differentially spliced genes
in all comparisons from GSEA analysis
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Supplementary Figure 6. of spliceosome genes across
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Supplementary Figure 7. Heatmaps of pathway gene expressions across 598 NDMM samples

A. Heatmap of DNA repair pathway signature (1)
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Supplementary Figure 8. Features of NHEJ-high -medium and -low groups. (A). Expression difference of 11 NHEJ genes between -high and -low roup. Stats: Independent T-test
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Supplementary Figure 8. Features of NHEJ-high -medium and -low group.
(B). Elevated expression levels of 69 splicing factors in NHEJ-low (green),
via-Medium (orange) and -high (blue) group. X-axis: groups. Y- axis: Log2(TPM+1)
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Supplementary Figure 9 . Transcripts involved in RHOQ_AF events and AS markers in prognostic signatures. (A). Expression level of transcripts RHOQ-202 and RHOQ-205.
(B). Schematic plot indicating the domain changes and different fate between RHOQ-202 and RHOQ-205 due to an AF event. (C). Sashimi plot of the SE event in ETFA.
FA-201 and ETFA-207 in <mean and >mean group defined by mean PSI of (C). (E). Sashimi plot of AF event in TANK.

(F). Expression difference of TANK-201 and TANK-202 in <mean and >mean group defined by mean PSI of (E). Statistics: One-sided T-test.
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Supplementary Figure 9 (cont.). AS markers in prognostic signatures (G). Sashimi plot indicating the SE event in TSPAN3 (H). Expression levels of TSPAN3-201 and ETFA-203

in <mean and >mean group defined by mean PSI of event (G). (I). Sashimi plot indicating the MX event in PVT1 (J). Expression levels of PVT1-315, PVT1-224 and PVT1-224 in <mean
and >mean group defined by the mean PSI of event (I). (K). Sashimi plot indicating the MX event in BUD23 (L). Expression levels of BUD23-205 and BUD23-208 in <mean and >mean
group defined by the mean PSI of event (K). Statistics: One-sided T-test.
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Supplementary Figure 9 (cont.) AS markers in prognostic signatures. (M). 5 AS events associated with poor prognosis
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Supplementary Figure10. Correlation networks between SDS events and splicing factors of (A): t1(14;16) and (B). t(4;14). (C). Schematic plot of transcripts involved in an AL event in ZFAS1.

(D). Expression difference of ZFAS1-203 and ZFAS1-210 in t(14;16) and non-translocated samples.
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