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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.



Median Survival (days) 2,144 vs. not reached

DOCK?2 Overall survival

3000

2500

2000

1500
timeline (days)

’p=0.0003
1000

—— 4th Quartile
——— 1st Quartile
T
500

B

Median Survival (days) 851 vs. 1,364

T
*
o

T
o

<) <)
Ajiigeqoud jeaiaing

[]
< N o
o o

DOCK?2 Progression-free survival

o
o
S
Q
o
I
o

—4th Quartile

— 1st Quartile

2500

2000
MRNA expression in normal organs

1500

timeline (days)

1000

—— TNFRSF17

— LAX1
—— DOCK2

euiben

ioppe|q Ateunn
pue|b ploiAyy
SS9l

eJbiu epueisqns
yoewols
ua9|ds

pJod |euids
QusalUl ||ews
upjs
EIRERIWRTETENH
pue|b Atenijes
eunal

usweind
21e3s0.ad

pue|b Aseynyid
sealdued
Aieno

pun|

IEW|

Aauppy
snwejeyjodAy
sndwedoddiy
3|9snNw Jeay
agn3 uejdoj|ey
snbeydosa
wnL3awWopud
uojod

XIAIDD

X9}40D |elgalad
[WLITEEIES)
93epned
1seauq
ejepbAwe
pue|b [euaipe
anssiy asodipe

N=188
0

T
o

Aungegold [eniaIng

T T
< N
o

0.0

25— TNFRSF13B

140

susquindoe sna|dnu

Median survival (day) 950 vs. 1215
©
8 S
o 0
_ I N
<
S
e 2 9 8
2l B F -3
] — j ~
ol © © —
3 3 g
b o O o ®
[ c ) |l © T
o +— [} n
1 =}
o £
o | | SRR, T
o) ' o £
o 1 S ==
o ! —
Nt 1
VA 1
3 " o
' F O
] n
' 0
1] 8
' ~
' 1l l o
' Z
1
T T T
_ — — 0. @ © < N e
— o o o o o
Ajiigeqoud [eAIAINS
B L
~ m 1
— — ' JWdd (2103
. [
0 gu
o« ox b1
= m =
= = 11295IN

mMRNA expression In blood cells

— LAX1

120

100

80
60

Nd1U

40
20
0

119-L 8D Aleu
1193-L #AD dAleu
1192-g aAleu

1192-L 8@D Atowsw
1199-L ¥a@D Adowsw
1192-g Alowaw
1139-L LIVIN
1192-Lp6

2@ ployfoewseld

93A00UoW d3eIpaULIDIU]

21A50uU0W [BDISSe[d-uou

llydonnau

2da piojpAw
llydouisoa
91£00uU0W |eJISSEe|d

liydoseq



F

H929 G H929 m LAX1
mmm DOCK?2
LP1 LP1
KMS26 KMS26
K528 KM 28 |
KMs11 KMS11
ARP1 ARPL
M MM S |
JIN3 JIN3
CAG CAG
MM1R MMIR
RPMI-8226 RPMI-8226
KMS12-BM KMS12-BM
KMS12-PE KMS12-PE
U266 U266
KMS27 KMS27
0 2 4 6 8 10 00 05 10 15 20 25 30 35
Log2MFI Log2MFI
t(4;14) t(14;16) t(11;14)
© &
9% QY A
o P N & o & N
> FEE NO NP o0 @ ®
FFTTEST ENY ¥ &8¢
e ® ® .+ % ®% 8 = | DOCK2 (200kDa)
L -— e e W -l LAX1 (7kDa)
| ‘--—-——I Actin (45kDa)
LAX1 expression J 0157 DOCK2 expression
2.0 - 5 - -
g 1.5+ ;%.0.10-
-g 1.0 %
5 [ |
5 g0.()5
“ [] A Cplila Hand
0.0 T P T T T I'T'I r?.l — 0.00 T T T T T T T T T q|. (; é ’\l T
P LSS T L EE LG PSP FEEE G
& \3*5@'»@&@@&@ TESS :@,@ & R & V& @Q@\g, T E & o&
& £ _ <& £
t(4;14) & 1(14;16) t(11;14) t(4;14) 1) t(14;16) 1(11;14)
o &OF
N
'\&.,,0 ,\bhq'
W o



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. 83. 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 CD7180 expression levels. B.
Overall survival of hyper-diploid patients with different CD780 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 ChlIP-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
testin 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 LAX71 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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