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Figure S1, related to Figure 1. Selective AML gene dependencies

A, A heatmap of 225 selective AML dependencies reflecting probability of dependency inferred
from the skewed LRT scores (Methods). Rows and columns are hierarchically clustered on
Pearson correlation with complete linkage.

B, Kaplan-Meyer plots of overall survival in TCGA AML patients (Network 2013) with MEF2D and
IRF8 expression above the 60" percentile (red line) and below the 40" percentile (blue line).

C, Kaplan-Meyer plots of overall survival in BeatAML patients (Tyner et al. 2018) with MEF2D and

IRF8 expression above the 60" percentile (red line) and below the 40" percentile (blue line).
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Figure S2, related to Figure 2. A superenhancer-based classification of AML: primary samples
and PDX models. The heatmap is a similarity matrix based on AML classification in Figure 2B. Primary
and PDX samples are hierarchically clustered with complete linkage using Pearson correlation of the
scores of 4798 superenhancers recurrent in at least 2 samples. The bars at the top reflect presence of

coding mutations (grey color designates unknown) and sample type.
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Figure S3, related to Figure 2. A superenhancer-based classification of AML: primary samples
and PDX models. The heatmap is a signal matrix (a full version of the AML classification in Figure 2B).
Primary and PDX samples are hierarchically clustered with complete linkage using Pearson correlation
of the scores of 4798 superenhancers recurrent in at least 2 samples, forming 6 distinct clusters. The
bars at the top reflect presence of coding mutations (grey color designates unknown) and sample type.
The side plot reflects p-values of non-random distribution of somatic mutations across the 6 clusters,
calculated by the one-sided chi-square test, demonstrating that KMT2A rearrangements are the only

mutation that shows significant enrichment in any cluster (p<0.05).
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Figure S4, related to Figure 2. A superenhancer-based classification of AML: cell lines. The
heatmap is a similarity matrix of the cell lines clustered with complete linkage using Pearson correlation
of the scores of 4798 superenhancers recurrent in at least 2 samples. The heatmap reflects pairwise
Pearson correlation of superenhancer scores. The bars at the top reflect presence of coding mutations

and sample type.
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Figure S5, related to Figures 2 and 3. Mutational landscape and survival profile of KMT2Ar-like

AML.

A,

Enrichment of somatic mutations in KMT2Ar-like AMLs from the BeatAML cluster 7 (defined by
MRNA expression of core regulatory TFs; Figure 3A). The bar plot demonstrates p-values
calculated by chi-square test of mutation distribution between KMT2Ar-negative samples in
cluster 7 (i.e. KMT2Ar-like) versus KMT2Ar-negative samples in all other clusters. Only FLT3
mutations are significantly over-represented in cluster 7, with an enrichment value of 1.7-fold
compared to randomly expected distribution. The 38 most common point mutations and
translocations from the BeatAML study were included in this analysis and are visualized in the
order of decreasing overall frequency. Patients with KMT2Ar AML were excluded from the
analysis.

Kaplan-Meyer plot of overall survival of the BeatAML patients (Tyner et al. 2018), demonstrating
no significant difference in survival of patients from cluster 7, including KMT2Ar and KMT2Ar-
like AML, compared to other clusters.

Kaplan-Meyer plot of overall survival in BeatAML patients (Tyner et al. 2018), demonstrating no
significant difference in survival of KMT2Ar-like AML patients from cluster 7 compared to other

clusters. KMT2Ar AMLs were excluded from the analysis.
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Figure S6, related to Figures 5-7. Application of targeted TF degradation to elucidate direct

transcriptional effects of MEF2D and IRF8.

A, Targeted degradation of IRF8 results in loss of cell viability. Cells carrying a fusion-based IRF8
degron were incubated with DMSO vs. dTAG"-1 and cell viability was followed by quantification
of ATP pools using a luciferin-based assay.

B, Targeted degradation of MEF2D results in loss of cell viability. The experiment was carried out
as in (B).

C, CRISPR/Cas9 knockout of MEF2D results in a loss of cell viability that is quantitatively similar to

the effects of MEF2D degradation. MYB knockout was used as positive control.
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Figure S7, related to Figure 5. Volcano plots of SLAM-seq and mRNA-seq following MEF2D

degradation, and regulation of MEF2C by MEF2D. Core regulatory TFs are highlighted in blue.

A, SLAM-seq 2 hours after MEF2D degradation.
B, SLAM-seq 24 hours after MEF2D degradation.
C, mRNA-seq 2 hours after MEF2D degradation.
D, mRNA-seq 24 hours after MEF2D degradation.

E, Western blot showing reduced MEF2C levels after prolonged MEF2D degradation.
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Figure S8, related to Figure 5. A table summary of SLAM-seq and RNA-seq data following

MEF2D degradation

A, Genes demonstrating a statistically significant change in transcription rate (SLAM-seq adjusted
p-value <0.1) at 2 hours following MEF2D degradation.

B, Changes in core regulatory TF transcription after MEF2D degradation.
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Figure S9, related to Figure 5. A functional interaction between MYC and MEF2D

A, Gene set enrichment analysis of the genes showing significant changes in transcription rates
after MEF2D degradation using Ehrichr, filtered to display only human-derived data (Kuleshov et
al. 2016).

B, Intersection of gene sets demonstrating significant changes in transcription (adjusted p-value
<0.05) measured by SLAM-seq after MEF2D degradation and indirect MEF2C/D inhibition by
YKL-05-099 treatment.

C, Excess over bliss synergy matrix demonstrating synergy between SIK/MEF2 inhibitor YKL-05-
099 and bromodomain inhibitor JQ1. Red color demonstrates synergy.

D, Excess over bliss synergy matrix demonstrating synergy between SIK/MEF2 inhibitor YKL-05-
099 and MYC inhibitor MYCi361. Red color demonstrates synergy.

E, Cloning strategy for a doxycycline-inducible lentiviral vector expressing MYC-P2A-TagBFP.

F, Induction of MYC expression demonstrated by TagBFP fluorescence after addition of
doxycycline.

G, Forced exogenous expression of MYC fails to rescue the cell viability loss following MEF2D
degradation.

H, As a positive control, forced exogenous expression of MYC completely rescues MYC knockout

by CRISPR/Cas9. Exogenous MYC expression was induced by doxycycline.
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Figure S$10, related to Figure 7. Targeted degradation of IRF8

A,

Volcano plot of SLAM-seq 2 hours after IRF8 degradation.

Volcano plot of SLAM-seq 24 hours after IRF8 degradation. Core regulatory TFs are highlighted
in blue.

Volcano plot of RNA-seq 2 hours after IRF8 degradation. Core regulatory TFs are highlighted in
blue.

Volcano plot of RNA-seq 24 hours after IRF8 degradation. Core regulatory TFs are highlighted
in blue.

A cross-plot of genome-wide changes in mMRNA pools measured after 2 vs. 24 hours of IRF8
degradation demonstrates a poor correlation between early and late transcriptional response.
A cross-plot of genome-wide changes in mMRNA pools (mMRNA-seq) vs. transcription rates
(SLAM-seq) measured after 2 hours of IRF8 degradation.

A distribution plot of genome-wide changes in nascent transcription rates (SLAM-seq) and
MRNA pools (RNA-seq) after 2 and 24 hours of IRF8 degradation.

Western blot showing reduced MEF2C and MEF2D levels after IRF8 degradation.

Western blot showing reduced MEF2C and MEF2D levels 24 hours after IRF8 knockout.
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Figure S11, related to Figure 7. A table summary of SLAM-seq and RNA-seq data following IRF8
degradation. Genes demonstrating a statistically significant change in transcription rate (SLAM-seq

adjusted p-value <0.1) at 2 hours following IRF8 degradation are presented.



>

Figure S12

010 IRF8
SE1 SE2 ’ O ct
= 6.0 s B &t
S g =
s ; i ' S
S iy " VYT w W N AN i H3K27ac 5 W &
%) 60 (pAML) £ Ll e
g & W E5
X oy VN | AL A i
5 4
c 1.5 o
=
[P ¥ YV ,.J.A...,.._.....LL_.__.._.L._._._‘ MED1 2
1.9 ¢
o ,l TSI T U .A..‘. a2l . IRF8 Ctl E1 E2 E3 E4 E5
. C Target Regions
LM“A“LA_— MEF2D
1.4
55 - ~o- Ctrl
Se L. Ao .l.l —— J.A.._........A_M MEF2C == E1
ES| 15 50 b - E2
s | Y PSS~ ~ E3
g5 RUNX2 g — Ea
f=a7} 4 4 = E
£2 2.0-| i 45 -+ E5
NI W P W 1._ e MEIS1 2
S 40
X
12 30 kb
g H3K27ac 354
5 (MV411)
chr16:65.870.263 chr16:86,042,950 30 02 D¢ D D8 oo bz
Distance 2 A N oY N ? i
from TSS, kb 2 x,bq, ;\q x‘2>°" 0“ x\\‘b Days after transduction
E1 E2 E3 E4 ctl E5 _
12k 4
2 : == =
S okq et 10k B | ] el
o
S 8k
T 6k
£ 8k -
@ 6k -
a £ o
=
o o 7 4k
5 P |
(8] E -
S 125 2k
% p =4.35x107 p=0.527 p=0.029
2 0 T T 0 T T 0 T r
s 2 a 9 o 2
> > >
- 9] N
3 2 g 8 : X
u i 5
= s ©
- N @
Q Q o
2 2 2 - o o
e 2 8 & 8 & e
€ € E S £ X € o0 o
o 8 88 ¢ ¢ ¢ 8 ¢ %
3 - = — - — - X
o [ B - B N B ) o % 3
8 > 2 > I3 o > Z Z
L Ll w
= $ 2 3 5= = S E R
MEIS1 RUNX1 [ |
RUNX2 n
i

B-actin b _— - -‘

Bractin (s ]



Figure S12, related to figure 7. Structure of the IRF8 locus and mechanism of its activation in

KMT2A-rearranged AML.

A,

H3K27 acetylation, TF binding and 2D structure at the IRF8 locus. The top two tracks are
H3K27ac metatracks representing primary AMLs. Red, tracks from pediatric patients with
KMT2Ar AML (n=10); grey, tracks from the pediatric patients with non-KMT2Ar AML (n=9). Each
metatrack is a collection of semi-transparent area plots representing individual samples and the
average profile is represented by a thick line. The rest of the ChIP-seq tracks represent TF
binding and H3K27 acetylation profiles in the MV411 cell line. Orange tracks represent TFs
known to be the direct targets of KMT2A fusion oncoproteins and hypothesized to play a role in
inducing IRF8 expression. Shaded areas represent 2 superenhancers associated with the IRF8
locus (SE1 and SE2). E1-E5 represent the constituent enhancers selected for the dCas9-KRAB-
MeCP2 enhancer interference experiment. Superenhancer-promoter loops are demonstrated
by the H3K27ac HiChIP and Micro-C 2D contact maps obtained in MV411 cells.

MV411 cells stably expressing dCas9-KRAB-MECP2 were transduced with lentiviral vectors
encoding gRNAs targeting the E1-E5 enhancers highlighted in panel A. Expression of IRF8 was
measured by RT-qgPCR.

Viability of MV411 cells stably expressing dCas9-KRAB-MECP2 and transduced with GFP-
expressing lentiviral vectors encoding gRNAs targeting the indicated enhancers was measured
as fraction of GFP-positive cells.

Knockouts of the 3 core regulatory TFs directly activated by KMT2A fusion oncoproteins do not
decrease IRF8 expression. Expression of IRF8 was measured by RNA-seq 72 hours following
electroporation of MV411 cells with pre-assembled Cas9/sgRNA complexes targeting the
indicated TF genes. A guide RNA targeting the AAVS1 “safe harbor” locus was used as a

negative control. P-values were calculated by BH-adjusted Wald test.



E, Validation of gene knockouts by Western blotting. MVV411 cells were electroporated with pre-
assembled Cas9/sgRNA complexes targeting the indicated genes and protein depletion was
verified by Western blot 72 hours post electroporation. Paralog-specific knockout of RUNX2 is

shown. Western blot visualizing the MEF2C knockout is found in Figure 6H.
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Figure S13, related to figure 7. Expression of IRF8 correlates with the myeloid differentiation

state.

A,

Expression of IRF8 during normal human hematopoiesis. The plot was generated using the
Bloodspot database with primary data from GSE42519 (Bagger et al. 2016; Rapin et al. 2014).
Normal progenitors and leukemic cells are plotted according to their indices of myeloid and
lymphoid development using primary data from (Corces et al. 2016). A myeloid differentiation
index, computed from the mRNA expression of 19 cell type-specific markers (Methods),
correctly reproduced both the normal myeloid trajectory and the functional AML hierarchy.
Expression of IRF8 correlates with the myeloid differentiation index in the BeatAML dataset.

KMT2A-rearranged and KMT2A-like leukemia samples are color-coded as shown.
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