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Figure S1. CRISPR genetic screen libraries used in this study.

(A) Map of the ipUSEPR vector expressing a sgRNA together with a puromycin-resistant gene (PuroR) and a
TagRFP fluorescent protein. Primers for Sanger (hU6-F seq) and Illumina (DCF01 and DCRO3) sequencing
are listed. (B-D) Design and distribution of individual sgRNA frequencies RPMR (reads per million reads) in
the CRISPR libraries targeting (B) epigenetic-related genes, (C) NuA4 complex members, and (D) coding
regions of RUVBLI. (B) 90.6%, (C) 99.0%, and (D) 98.4% of sgRNA in these libraries passed the QC by
exhibiting > 5% of average frequency.
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Figure S2. Validation of CRISPR efficiency using an RFP inactivation assay.
(A) CRISPR interference and (B) CRISPR knockout cell systems used in this study. The reduced expression of
EFla-driven RFP in the ipUSEPR vector serves as a reporter of CRISPR editing efficiency.
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Figure S3. Schematic outline of the RFP flow cytometric growth competition assay.



Source Name | PatientID | RUVBL1 exp. Age Diagnosis | EFS (months) | OVS (months Gender Status
GSM433807 R52 1.317 22 Ewing 144 232 F dead
GSM4333814 R61 1.289 15 Ewing 162 162 M NED
GSM433306 R51 1.266 24 Askin 46 108 M dead
GSM433833 R37 1254 1" Ewing 98 98 M dead
GSM4338811 R57 1.252 1 Ewing 2 87 M dead
GSM433300 R44 1.248 30 Ewing 198 256 F dead
GSM438922 R74 1.239 27 PNET 1104 1104 M NED
GSM439912 R58 1.237 22 Ewing 134 134 M dead
GSM433836 R40 1218 24 Ewing 182 117.3 M NED
GSM439913 R60 1216 12 Ewing 1215 1215 M NED
GSM433830 R33 1212 15 Ewing 166 166 M dead
GSM439892 R35 1211 16 Ewing 10 136 F dead
GSM433305 R50 1.206 16 PNET 58.3 993 M dead
GSM433316 R63 1.187 13 Ewing 434 434 M NED
GSM433929 R84 1173 9 Ewing 279 416 M dead
GSM433839 R43 1172 17 Ewing 248 357 F dead
GSM433927 R81 1.152 24 Ewing 344 814 M dead
GSM433301 R45 1.144 15 Askin 178 246 M dead
GSM433310 R55 1.138 16 PNET 6.8 85 F dead
GSM433802 R46 1.135 7 PNET 221 642 F dead
GSM433318 R65 1.131 20 Ewing 1 1" F dead
GSM433894 R38 1.131 23 Ewing 113 13 M dead
GSM4338924 R78 1.128 1 PNET 69.5 69.5 F NED
GSM433888 R29 1.128 21 Ewing 46 46 M dead
GSM433837 R41 1.115 15 Ewing 1251 1251 M NED
GSM433804 R49 1.115 34 Ewing 186 1262 M NED
GSM433303 R48 1.1 17 Ewing 316 462 M dead
GSM433838 R42 1.110 18 Ewing 1922 1922 M NED
GSM433815 R62 1.105 16 Ewing 1176 1176 M NED
GSM439926 R80 1.100 8 PNET 239 68.5 F NED
GSM433928 R83 1.097 4 PNET 701 1281 F NED
GSM433920 R69 1.095 9 Ewing 626 626 F NED
GSM433835 R39 1.083 16 Ewing 47 47 F dead
GSM433309 R54 1076 22 Ewing 259 615 M dead
GSM433925 R79 1.057 21 PNET 1271 1271 M NED
GSM4338921 R72 1.054 32 PNET 315 1177 F NED
GSM433308 R53 1.038 18 Ewing 877 877 F NED
GSM433817 R64 1.002 25 Ewing 15.3 213 M dead
GSM439919 R67 0.988 14 Ewing 16.7 294 M dead
GSM433887 R196 0975 5 Ewing 14 207 M dead
GSM433886 R194 0.952 32 Ewing 17 156 F dead
GSM433889 R30 0918 26 Ewing 286 489 F NED
GSM438923 R75 0918 14 PNET 98 254 M dead
GSM433831 R34 0815 18 Ewing 184 56.5 M AWD
Ewing: Ewing sarcoma; Askin: Askin tumor; PNET: Primitive neuroectodermal tumor
EFS: Event free survival; OVS: Overall survival
NED: No evedence of disease; AW: Alive with disease
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Figure S4. Information of patients with Ewing sarcoma family of tumors.
Source: EMBL-EBI (E-GEOD-17618)
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Figure S5. Evaluation of MYC ChIP-seq in EwS cells.

(A) Efficient capture of MY C protein using a rabbit mAb D3N8F (139878, Cell Signaling Technology; 1:400).
(B) Profiles of MYC ChIP-seq at E2F1 (E2F Transcription Factor 1; an MYC target locus) and HBB
(Hemoglobin Subunit Beta; an MYC non-target locus) loci in A673 cells. MYC ChIP-qPCR at (C) E2FI and
(D) HBB loci in A673 cells transduced with sgCtrl and sgRUVBLI. Data are represented as mean = SEM. *P <
0.01 compared to sgCtrl by two-sided Student’s t-test.
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Figure S6. Evaluation of MYC chromatin binding targets.

(A) MYC ChIP-seq signal for each gene was calculated from the pileup files around TSS =+ 1kb regions. Genes
with more than 10-fold enrichment of MYC ChIP-seq signal in the MYC antibody captured sample over the
input sample (without ChIP enrichment) were selected as MYC targets (1741 genes). (B) Depletion of RUVBL1
led to reduced MYC binding signals in the majority of MYC targets (median ratio 0.705), suggesting that

RUVBLI serves as a master regulator of MYC’s chromatin binding.
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Figure S7. Validation of the effects of sgRUVBL1 and sgKATS on histone H4 acetylation.

(A) Western blot of RUVBL1, H4K8ac, H4K 12ac, histone H4, and GAPDH in A673-Cas9 cells transduced
with sgCtrl (#1 and #2) vs. sgRUVBLI1 (#4 and #5). (B) Western blot of KAT5, H4K8ac, H4K12ac, histone
H4, and GAPDH in A673-Cas9 cells transduced with sgCtrl (#1 and #2) vs. sgKATS (#4 and #5). The guide
RNA sequences are listed in Table S1.
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Figure S8. Model of combinational targeting the RUVBL1/MYC feed-forward network by CB-6644 and
JQ1 in EwS.



al o
& 100- & 100-
() * (O}
> * >
© 501 ® 50
[0} [0}
e 0 JSEKATS o 0 sgSRCAP (SWR1)
0 3 6 9 12 0 3 6 9 12
Days Days
° 150+ ° 150+
& 100 A‘\"—‘ & 100
(O} o
= =
© 501 % 50
& INO80 i
0 Sgl I 1 I 0 T T T T
0 3 6 9 12 0 3 6 9 12
Days Days

Figure S9. Roles of KATS, SRCAP, INO80, and PIH1D1 in A673 cells.

Growth competition assay of sgCtrl (grey lines; n = 2 independent sgRNA sequences), sgKATS5 (a NuA4
complex member; green lines; n = 5 independent sgRNA sequences), sgSRCAP (a SWR1 complex member;
pink lines; n = 5 independent sgRNA sequences), sgINO8SO0 (an INO80 complex member; blue lines; n = 5
independent sgRNA sequences), and sgPIHID1 (an R2TP complex member; orange lines; n = 5 independent
sgRNA sequences) in A673-Cas9 cells. *P < 0.01 compared to sgCtrl by two-sided Student’s t-test.
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Figure S10. Comparison of the MYC interacting regions in RUVBLI1 reported by different studies.

(A) Two-dimensional annotation of the MY C binding regions (K108 vs. aa. 136 — 187) relative to the RUVBL1
CRISPR gene body scan profile. (B) Side (left) and top (right) views of the RUVBL1/2 hexamer cryo-EM
structure (PDB ID: 50AF). (C) Three-dimensional annotation of the CRISPR scan score and MYC binding
regions (K108 vs. aa. 136 — 187) relative to an AlphaFold model of RUVBL1 (Q9Y265). The RUVBL1/2
hexamer central pocket is highlighted (yellow dashed pocket). (D) Co-IP of WT- and K108A-RUVBLI1 (flag-
tagged) with RUVBL2, KAT5, MYC, and TRRAP in HEK293 cells.
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Figure S11. Expression of EEF1A1 partially rescues the RUVBL1-depleted EwS cells.

(A) Effect of EEF1A1 cDNA expression on flow cytometric profiles of HPG labeled (cyan) compared to the
non-labeled (grey) cells in A673 cultures transduced with sgCtrl and sgRUVBLI1. (B) Effect of EEF1A1 cDNA
expression on cell cycle monitored by EdU incorporation. Data are represented as mean = SEM. *P < 0.05 by

two-sided Student’s t-test.
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Figure S12. Effect of RUVBL1-depletion on gene expression.

(A) RNA-seq and GSEA analysis showing a reduced expression of the “Structural Constituent of Ribosome”
gene set in the RUVBLI1 depleted A673 cells. (B) EEF1A41 (red dot) exhibited a more pronounced reduction in
both MYC binding and expression levels upon RUVBLI depletion than the other 13 MY C-targeted ribosomal
genes (blue dots). (C) RNA-seq and GSEA analysis showing top depleted Hallmark gene sets in the sgRUVBL1
transduced A673 cells.
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Figure S13. RUVBL1-MYC-EEF1Al1 axis in Burkitt lymphoma cells.

(A) Growth competition assay of Ramos cells transduced with RFP-labeled shCtrl (grey lines; n = 2 independent
shRNA sequences) and shRUVBLI1 (red lines; n = 2 independent shRNA sequences). (B) Western blot of
RUVBLI, H4K8ac, H4K12ac, EEF1A1, histone H4, and GAPDH in Ramos cells transduced with shCtrl vs.
shRUVBLI (2 independent shRNA sequences per group). (C) MYC ChIP-qPCR at the RUVBLI and EEFIAI
loci in Ramos cells transduced with shCtrl and shRUVBLI1 (n = 3 for each group). (D) Growth competition
assay of Ramos cells transduced with RFP-labeled shCtrl (grey lines; n = 2 independent shRNA sequences) and
shMYC (purple lines; n = 2 independent shRNA sequences). (E) Western blot of MYC, RUVBLI, EEF1A1,
histone H4, and GAPDH in Ramos cells transduced with shCtrl vs. shMYC (2 independent shRNA sequences
per group). (F) Effect of JQ1 and CB-6644 combination on the proliferation of Ramos cells (n = 3 for each
condition). Relative cell # (%) of each CB-6644 condition was normalized to the samples without JQ1 treatment.
(G) Sequences of shCtrl, shRUVBL1, and shMYC used in this study. Data are represented as mean = SEM. *P
< 0.01 compared to shCtrl by two-sided Student’s t-test.



Table S1. CRISPR-KO sgRNA sequences.

sgRNA_ID Sequence
sgCitri#1 GATTCTAAAACGGATTACCA
sgCtri#2 GGATGATAACTGGTCCGCAG
sgRUVBL1#1 ACTTGGATGTGGCTAATGCG
sgRUVBL1#2 GGAAGGAATCAACATCAGTG
sgRUVBL1#3 GTGAACAAGTACATCGACCA
sgRUVBL1#4 TGGTCCGGATTATCATCACT
sgRUVBL1#5 CATCAACAAACAGCACACCC
sgKAT5#1 GGGTACGGGGAGAAGTACCA
sgKATS5#2 ACTTGAGGCAGAACTCGCAC
sgKATS#3 AGGCAATGAGATTTACCGCA
sgKAT5#4 AACACTTGGCCAAAAGACAC
sgKATS5#5 GATTGATGGACGTAAGAACA
sgMYC#1 CTATGACCTCGACTACGACT
sgMYC#2 AGAGTGCATCGACCCCTCGG
sgMYC#3 CTTCGGGGAGACAACGACGG
sgMYC#4 CGAGGAGAGCAGAGAATCCG
sgMYC#5 CCAGAGTTTCATCTGCGACC
sgEEF1A1#1 ATTACAGGGACATCTCAGGT
sgEEF1A1#2 CATCTGATCTATAAATGCGG
sgEEF1A1#3 TTAATCCTTACAGATGGGAA
sgEEF1A1#4 TGCTCCAGTCAACGTTACAA
sgEEF1A1#5 AAGCCACTTACGTTAGCACT

Table S2. CRISPRI sgiRNA sequences.

sgiRNA_ID Sequence
sgiCtri#1 GAGTCGGGTAAATAGACAA
sgiCtrl#2 CTACGCCCGGGGGAAAAGA
sgiRUVBL1#1 GGCCAGGAGAACGCGCGAG
sgiRUVBL1#2 AACGGCCGCATGGTAACTC




Table S3. Summary of RNAi and CRISPR library screens in EwS.

Types Scopes Identified targets Libraries References
Screen for kinases involved in EwS Kinase siRNA library Arora et al.,
STK10 and TNK2
growth (572 genes) 2010 [1]
RNAI Genome-scale siRNA Grohar et al.,
Screen for EWSR1-FLI1 regulators HNRNPHI and SF3B1 .
screens library 2016 [2]
Screen for effectors in EwS cell Druggable siRNA library Heetal.,
) LRWDI1
survival (6781 genes) 2016 [3]
Screen for genetic dependencies in ~ MDM2, MDM4, USP7, and Stolte et al.,
TP53 wild-type EwS cells PPM1D 2018 [4]
CRISPR- Screen for regulators mediating TRIMS Genome-scale CRISPR- Seong et al.,
Cas9 screens EWSRI1-FLI1 stability Cas9 library 2021 [5]
Screen for modulators of LSD1 Mitochondrial complexes Tokarsky et
inhibition in EwS I and IV al., 2022 [6]

Table modified from Li et al. 2022 [7]



Table S4. RT-qPCR primers.

Primer_ID Sequence
RUVBL1_F AAAGAGCGAGTAGAAGCTGGA
RUVBL1_R CCAAGTCATGCAAGGTCACATC
EEF1A1_F GAAGCTGGTATCTCCAAGAATGG
EEF1A1_R CGACAATTAGTTGTTTCACACCC
GAPDH_F CCTCCTAGGCCTTTGCCTGA
GAPDH_R CTGAGAGGCGGGAAAGTTGG

Table SS. ChIP-qPCR primers.

Primer_ID Sequence
RUVBL1_TSS_F GGTGACCTCCAGTTCCTAGACC
RUVBL1_TSS_R GGTCCGGCCCGTTAAGTT
EEF1A1_TSS_F ACTTTCCCAGTTTACCCCGC
EEF1A1_TSS_R CCACAGTCCCCGAGAAGTTG
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