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Supplementary Figure S1. Domain-focused CRISPR screening identifies UBE2T and FANCL as AML dependencies.
(A) Summary of the fold-depletion of spike-in positive and negative control sgRNAs in the pooled ubiquitination domain-
focused CRISPR screens in 12 cell lines. In addition, the average log, fold-change is shown for 3 pan-essential genes and for
the top 8 AML-biased dependencies nominated from the screens. (B) The list of top co-dependencies of UBE2T across 769
cell lines from Project Achilles (20Q3). The genes that belong to Fanconi anemia pathway are highlighted in bold.
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Supplementary Figure S2. Validation of FA dependencies in AML maintenance. (A-B) Western blot performed on whole
cell lysates of the indicated cell lines following lentiviral transduction with indicated sgRNAs. (C) Western blot analysis in
MOLM-13 cells of FLAG-tagged UBE2T (left) or FANCL (right) with wild-type sequence or harboring silent mutations of
the sgRNA recognition site. (D-G) Competition-based proliferation assay in MOLM-13 cells expressing the indicated cDNAs
(wild or CRISPR-resistant, labeled at the top) transduced with GFP-linked sgRNAs (labeled at the bottom). (n=3). (H)

4



Western blot analysis of FLAG-tagged UBE2T in MOLM-13 cells, carrying wild-type or various mutations. (I) Western blot
analysis following transduction with shRNAs targeting FANCD2. (J) Kaplan-Meier survival curves of NSG recipient mice
transplanted with MOLM-13 cell infected with indicated sgRNA. Each sgRNA group contains 5 mice. A log-rank (Mantel-
Cox) statistical test was used to calculate the p-value. All bar graphs represent the mean = SEM.
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Supplementary Figure S3. In vivo evaluation of FANCL, UBE2T, and FANCD2 dependency in MOLM-13 cells. A)
Bioluminescence imaging of NSG mice transplanted with luciferase+/Cas9+ MOLM-13 cells infected with indicated sgRNAs
(LRG 2.1T-Blast). B) Quantification of bioluminescence intensity. (n=5). All bar graphs represent the mean + SEM. p-value
is calculated using unpaired Student’s t-test. C) Kaplan-Meier survival curves of NSG recipient mice transplanted with
MOLM-13 cell infected with indicated sgRNA. Each sgRNA group contains 5 mice. A log-rank (Mantel-Cox) statistical test
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was used to calculate the p-value. All bar graphs represent the mean = SEM. D) RT-qPCR measurement of ALDH2 mRNA
levels (normalized to Beta2-microglobulin) in pre-transplanted and in cells extracted from spleen/bone marrow MOLM-13
cells expressing the indicated sgRNAs (selected with blasticidin). E) RT-qPCR measurement of UBE2T/FANCL/FANCD2
mRNA levels (normalized to Beta2-microglobulin) in pre-transplanted and in cells extracted from spleen/bone marrow
MOLM-13 cells expressing the indicated sgRNAs (selected with blasticidin). sgRNA expression reduces each gene
(presumably via non-sense mediated decay), but the expression becomes restored in d20-25 leukemia cells collected from
bone marrow/spleen. F) PCR-amplified sgRNA target sites were cloned and Sanger sequenced to quantify relative abundance
of WT and mutated sequences. G) Summary of mutation abundance from (F).
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Supplementary Figure S4. Targeting of FA genes leads to DNA damage. (A) The numbers of phospho-H2AX foci in
MV4-11-Cas9 cells infected with the indicated sgRNAs. Data were combined from three independent experiments. (sgNEG
n=121, sgUBE2T n=184, and sgFANCD2 n=129). Statistical analysis was performed using one-way ANOVA followed by
Dunnett’s multiple comparison test (**** p < 0.0001; ns, not significant). (B) Quantification of metaphase breaks following
inactivation of UBE2T in MOLM-13 and MV4-11 cells. Breakage analysis was blinded. p values were calculated using a

one-way ANOVA test. (C) Select representative figures of metaphase spreads.

o P <0.001
w p<0.01
+ p<0.05



TP53 mutation status in AML cell lines

) ) ALDH2 FA pathway
Cell line CCLE Sanger Sequencing Expression depencency
MOLM-13 WT WT No Kkkkk
NOMO-1 frameshift-del frameshift-del No Hekkk
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SEM R248Q R248Q No Fkkk
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THP-1 frameshift-del frameshift-del Yes No
K562 frameshift-ins frameshift-ins Yes No
HEL M133K M133K Yes No
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Supplementary Figure S5. Additional experiments evaluating connection between FA dependency and TP53. (A) TP53
mutation status of leukemia cell lines used in this study. The TP53 mutation status was extracted from the indicated databases
and was confirmed by Sanger sequencing. ALDH2 expression was based on RNA-seq data. FA dependency column
summarizes results from Figure 2A, 1D, and 4H. (B) Gene set enrichment analysis (GSEA) of RNA-seq data obtained from
MOLM-13 or SEM cells lentivirally transduced with the indicated sgRNAs (Subramanian et al., 2005). Normalized
enrichment score (NES) and family-wise error rate (FWER) p-value are shown. (C) Gene Ontology analysis of RNA-seq
obtained from FA-deficient MOLM-13 and SEM cells. Significantly down regulated genes (p-value <= 0.1, log;FoldChange
-0.5) were analyzed using Metascape. GO terms are ranked by their significance (p value).
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Supplementary Figure S6. TP53 and CDKNI1A inactivation alleviates FA dependency. (A) Western blot performed on
whole cell lysates prepared from MV4-11 cells on day 6 following transduction with the indicated sgRNAs. (B) Competition-
based proliferation assays in MV4-11 cells following sequential sgRNA transduction. Negative sgRNA or TP53 sgRNAs
were infected first, selected with neomycin, followed by transduction with the sgRNAs indicated at the bottom of the graph
(linked with GFP). n=3. (C) Western blot analysis of whole cell lysates prepared from MOLM-13 cells on day 6 following
transduction with the indicated sgRNAs. (D) Competition-based proliferation assays in MOLM-13 cells following sequential
sgRNA transduction. Negative sgRNA or CDKNI1A sgRNAs were infected first, selected with neomycin, followed by
transduction with the sgRNAs indicated at the bottom of the graph (linked with GFP). n=3. (E) Western blot analysis
performed on lysates obtained from MA9-FLT3'™ cells on day 6 following TP53 sgRNA transduction. (F) Competition-
based proliferation assays in MA9-FLT3'™ cells following sequential sgRNA transduction. Negative sgRNA or TP53

10



sgRNAs were infected first, selected with neomycin, followed by transduction with the sgRNAs indicated at the bottom of
the graph (linked with mCherry). n=3. All bar graphs represent the mean = SEM. All sgRNA experiments were performed in
Cas9-expressing cell lines. (G) Competition-based proliferation assays in SEM cells following sequential sgRNA
transduction. Negative sgRNA or TP53 sgRNAs were infected first, selected with neomycin, followed by transduction with
the sgRNAs indicated at the bottom of the graph (linked with mCherry). n=3. All bar graphs represent the mean = SEM. All

sgRNA experiments were performed in Cas9-expressing cell lines.
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Supplementary Figure S7. Additional analysis linking ALDH?2 silencing with FA dependency in AML. (A) RNA-seq
analysis of mRNA levels for 19 ALDH genes in 11 leukemia cell lines. (B) Aldefluor analysis of NOMO-1 and ML-2 cells
transduced with FLAG-ALDH1A1 or FLAG-ALDH2. Lines were treated with 3.75 uM BAAA, with or without the ALDH
inhibitor DEAB (15 uM). (C) Competition-based proliferation assay in Cas9+ NOMO-1 and ML-2 cells expressing the
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indicated cDNAs, followed by transduction with GFP-linked sgRNA. (n=3). (D) Western blot analysis of ALDH1AI1 or
ALDH?2 proteins in the indicated leukemia cell lysates. E) For this analysis blood, engineered blood, lymphocytes, and plasma
cell categories of cell lines were excluded. All remaining cell lines were then ranked based on their ALDH2 mRNA expression
value and cells with the highest ALDH2 expression (n = 275) and lowest ALDH2 expression (n = 205) were categorized as
ALDH2-high and ALDH2-low groups. The two classes comparison was performed using the DepMap portal (21Q1) to query
genes that are differentially dependent in ALDH2-high and -low tumors. The effect size describes the correlation between
gene dependency and ALDH2 mRNA level, with a higher value indicating a stronger dependency in ALDH2-low cancer cell
lines. F) Cancer cell lines were first grouped based on lineage (using categories having at least 10 cancer cell lines). The
Pearson correlation compares the dependency of a given gene (CERES essentiality scores) with ALDH2 mRNA level (TPM).
A higher correlation suggests that the indicated gene is a dependency when ALDH2 mRNA is low.

13



I | Hsa LELGGKS P [o/EEERS:|
s | Bt LELGGKS P ¢/ EERRS:!
5| Bta LELGGKS P (CERR|
< | M.mu LELGGKS P [¢/EEue:!
o H.sa LELGGKSP) EEERS
I | Ptr LELGGKSPMNEEERS
S| Bta LELGGKSP )RR
< | M.mu LELGGKS P )Y BEEE\
A
E268K
C MOLM-13
Empty vector ALDH2 ALDH2 E268K  ALDH2 C302A EzaQIREchsozA
400
€ 3001
§ 5001 DEAB
1004 i ‘ |+
o, ./.\\. [ I'J . 1L ,‘/".“. I Y\ Y\ D -
10 102 10® 10* 10° 10 102 10° 10* 10° 10 102 10® 10* 10° 10 102 10° 10* 10° 10 102 10°® 10* 10°
Aldefluor activity
MOLM-13 ——
150 Empty vector ALDH2 ALDH2 E268K ALDH2 C302A  ALDH2 E268K + C302A ™ Bg
T |
o =
2 10 =2
E ks D14
2
O] g 50
[e]
2 g \ )
& H R N
S S S
> S P S QP
6% QQ 0.9 Qq

Supplementary Figure S8. The catalytic activity of ALDH2 is required to bypass FA protein dependency in AML. (A)
Multiple sequence alignment of ALDH1A1 and ALDH2. The catalytic residues are highlighted by blue triangles. (B) Western
blot analysis of wild-type and catalytic mutants FLAG-ALDH2 in MOLM-13 lysates. (C) Aldefluor analysis of MOLM-13
cells transduced with FLAG-ALDHI1A1 or FLAG-ALDH2. Lines were treated with 3.75 uM BAAA, with or without the

ALDH inhibitor DEAB (15 uM). (D) Competition-based proliferation assay in MOLM-13 cells expressing wild-type or
catalytic mutant ALDH?2 using the indicated sgRNAs linked to GFP.
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Mitochondrial Targeting Sequence 1 (MS1): MLRAAARFGPRLGRRLLSAAATQAV

Mitochondrial Targeting Sequence 2 (MS2): MALLTAAARLLGTKNASCLVLAARH
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Supplementary Figure S9. ALDH2 is unique among ALDH enzymes in showing synthetic lethality with the Fanconi
anemia complex. (A) Two sequences of mitochondrial localization signal peptides fused to ALDH1A1. (B) Western blot
analysis of cytoplasm (C) or mitochondrial (M) fractions of indicated cell lines. (C) Aldefluor analysis of MOLM-13 cells
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transduced with FLAG-ALDHI1A1 or fusions with mitochondrial localization signal peptides (MS1 and MS2). Cells were
treated with 3.75 uM BAAA, with or without the ALDH inhibitor DEAB (15 uM). (D) Competition-based proliferation assay
in MOLM-13 cells expressing wild-type or mitochondrial localization signal peptide fused ALDH1A1 using the indicated
sgRNAs linked to GFP. (E) Phylogenetic analysis of ALDH gene family. (F) Western blot analysis of whole cell lysates
prepared from MOLM-13 cells transduced with the indicated FLAG-ALDH c¢cDNAs. (G) Aldefluor assay of MOLM-13 cells
transduced with the indicated ALDH genes. Lines were treated with 3.75 uM BAAA, with or without the ALDH inhibitor

DEAB (15 uM). (H) Competition-based proliferation assay in MOLM-13 cells expressing the indicated ALDH genes. All
bar graphs represent the mean + SEM (n=3).
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Supplementary Figure S10. Re-expression of ALDH2 in MOLM-13 leads to minimal changes in cell proliferation and
transcription, but leads to suppression of endogenous aldehydes. (A) Cell proliferation in vitro over the course of 10 days
of the indicated cell lines. (n=3). (B) RNA-seq scatter plot analysis comparing fold-change of mRNA levels following
ALDH2 overexpression versus empty vector in MOLM-13 cells. (C) Fluorometric measurements of formaldehyde level
measurements cell extracts. (n=3). (D) Fluorometric measurements of malondialdehyde levels in cell extracts. (n=3). All bar
graphs represent the mean = SEM (n=3).
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Supplementary Figure S11. ALDH2 expression is silenced by aberrant DNA methylation in AML. (A-B) RT-qPCR

analysis of ALDH2 mRNA levels in MV4-11 cells following treatment with 5-azacytidine. In (A), 1 uM concentration was
used. In (B), a 36 hour timepoint was used. (C) Competition-based proliferation assays following sgRNA transduction, in the

presence or absence of 1 uM 5-azacytidine. Each sgRNA is linked with GFP. n=3. All bar graphs represent the mean = SEM.

17



All sgRNA experiments were performed in Cas9-expressing MOLM-13 cells lines. A two-way ANOVA statistical test was
performed to calculate p-values. (D) ACTB mRNA levels in 173 AML patient samples from TCGA. Shown are the samples
classified as ACTB-high and ACTB-low. (E) Barplot of the average percent methylation of the CpGi. Each dot is
representative of one patient. p-value from two tailed Student’s t-test. (F) Scatterplot of the average percent methylation of
the CpGi versus the RNA expression level of ALDH2. Each dot is representative of one patient. Line of best fit was fit using
a linear model. Correlation was calculated using Pearson’s method in R. (G) Heatmap of the percent methylation of the
covered CG within the ALDH?2 promoter. Each column is one CG and each row is one patient. Rows are clustered using
Euclidian distances and the complex clustering method and missing CGs are depicted in gray. Select patient mutational and
cytogenic data is plotted on the right of the heatmap.
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