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Fig. S1. Characteristics of candidate targets identified from MM populations.  

A. RNA expression level of current CAR-T cell targets of blood cancers in healthy organs 

documented in the human protein atlas (THPA). B. Distribution of mRNA expression of 19,892 

protein coding genes in MMRF and IU cohort. C. Expression level of 98 candidates in healthy 

organs documented in the human protein atlas (THPA). D. Expression level of 98 candidates in 

myeloid blood cells documented in ‘The Human Protein Atlas’ database.  
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Fig. S2. Toxicity and association with patient survival of identified population-based 

candidates. 

A. Progression-free survival of patients with different DOCK2 expression levels. B. Overall 

survival of patients with different DOCK2 expression levels. C. Expression level of existing targets 

and selected candidates in healthy organs. D. Expression level of existing targets and selected 

candidates in blood cells. E. Progression-free survival of patients with different LAX1 expression. 

Flow cytometry results of LAX1 and DOCK2 were identified in F and G. H. Expression level of 

LAX1 and DOCK2 detected by immunoblotting. Their expression level was quantified in barplots 

I and J. Statistical test in Kaplan-Meier curves: Log-rank test. Highlighted labels in D: myeloid 

blood cells. 
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Fig. S3. Characteristics of a highly essential candidate TRFC  

A. Progression-free survival of patients with different TFRC expression levels. B. Overall survival 

of patients with different TFRC expression levels. C. TFRC expression level in healthy organs. D. 

TFRC expression level in blood cells. Statistical test in Kaplan-Meier curves: Logrank test. 

Highlighted labels in D: myeloid blood cells. 
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Fig. S4. Characteristics of candidates identified from primary subtypes. A. Expression level 

of 120 candidates in healthy organs documented in the human protein atlas (THPA). B. 

Expression level of 120 candidates in blood cells documented in ‘The Human Protein Atlas’ 

database. C. Gene essentiality differences of selected candidates in 18 MM cell-lines from 

DepMap. D. Expression heterogeneity of candidates between tissue and cell-lines. Statistical 

tests in C and D: Mann-Whitney U test. Highlighted stars in C: significance level of candidates 

with higher essentiality in their subgroups than average in MM cell-lines. Highlighted stars in D: 

significance level of candidates with differential expression. Significance level: * p<0.05; ** p<0.01, 

*** p<0.001. 
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Fig. S5. Toxicity and association with patient survival of identified subtype-specific 

candidates. 

A. Progression-free survival of hyper-diploid patients with different CD180 expression levels. B. 

Overall survival of hyper-diploid patients with different CD180 expression levels. C. Selected 

candidates identified in subtypes and their expression level in healthy organs. D. Selected 

candidates identified in subtypes and their expression level in blood cells. E. Four candidates 

found with MAF binding sites from ChIP-seq result. F. MAF binding sites found at the promoter 

region of CD109. G. MAF binding sites found at the promoter region of ITGB7. H. Protein 

expression level (Log2MFI) of CD109 detected by flow cytometry among 15 cell-lines. Statistical 

test in Kaplan-Meier curves: Logrank test. Highlighted labels in D: myeloid blood cells. Highlighted 

boxes in F and G: promoter regions. Red arrows: transcription direction. Highlighted cell-lines in 

H: t(14;16) cell-lines. KMS11 is a t(14;16) and t(4;14) cell-line. 
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Fig. S6. Characteristics of candidates identified from high-risk subtypes. A. Expression level 

of 125 candidates in healthy organs documented in the human protein atlas (THPA). B. 

Expression level of 125 candidates in blood cells documented in THPA. C. Three candidates 

identified in PR subgroup and their expression in healthy organs. D. Three candidates identified 

in PR subgroup and their expression in blood cells.  
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Fig. S7. Expression of selected candidates and their potential regulators 

A. Elevated expression level of four candidates as 1q copy number gain in IU cohort. B. Elevated 

expression level of potential regulators of GPRC5D on chromosome 1q. C. Expression level of 

biallelic TP53-specific candidates in IU cohort. D. A western blot result indicating the p53 protein 

expression between a TP53 knockout and a WT cell-line of AMO1. E. Expression of selected 

candidates in healthy organs. F. Expression of selected candidates in blood cells. Statistical test 

in A, B and C: two-sided Mann Whitney U test; significance level: * p<0.05, ** p<0.01, *** p<0.001. 
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Fig. S8. Characteristics of candidates’ expression in subclones.  

A. 1q status of 49 patients with single-cell RNA-seq. B. TP53 status of 49 patients with single-cell 

RNA-seq. C. single-cell expression of LAX1 among subclones of a relapsed t(4;14) patients. D. 

single-cell expression of TNFRSF17/BCMA among subclones of a relapsed t(4;14) patients. E. 

expression level of SLAMF7/CD319 in a relapsed t(4;14) patient. F. Treatment timeline of the 

relapsed t(4;14) patient.  
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Fig. S9. Alternative splicing landscapes of 125 high-risk identified candidates.  

A. Alternative splicing landscapes among 125 high-risk candidates in MMRF cohort. B. Alternative 

splicing landscapes among 125 high-risk candidates in IU cohort. C. A RT-PCR experiment result 

indicating the expression of FCRL5-206. Columns in (C): 1. A PDX sample; 2. A SACHI cell-line 

3. No reverse transcriptase control; 4. NTC (PCR negative control). Rows in (C): fragment size. 

Expected fragment size: cryptic exon: 495 bps; WT: 404 bps. D. cDNA sequences of exon 4, the 

cryptic exon (dashed basepairs) and exon3. 
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Supplementary Table legends 

Table S1. Summary of candidates identified under all conditions. 

Table S2. Association between expression of candidate found in population and patient 

survival. 

Table S3. Association between expression of candidate found in primary subtypes and 

patient survival. 

Table S4. Association between expression of candidate found in high-risk subtypes and 

patient survival. 

Table S5. Primer designing in TP53 knockout experiments. 
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