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Supplementary Fig 1. The BAH domain of BAHCC1 (BAHCC1BAY) is an H3K27me3/2-
specific ‘reader’ in mammalian cells.

a, Coomassie blue staining of the purified BAHCC1BAH recombinant protein fused to GST.

b, Representative silver staining of input (lane 1) and pulldown samples (lanes 2-5 of the top
panel) using the GST-BAHCC 18" recombinant protein and the histone H3.3 peptide (amino acids
15-34) harboring non-, mono-, di-, or tri-methylated lysine 27 (ponceau red staining image of
peptides shown at the bottom).

¢, Coomassie blue staining of the purified ORC18A" recombinant protein fused to GST.

d, Representative images of confocal immunofluorescence microscopy showing that BAHCC1
(red) does not colocalize with H3K9me3 (green) in JURKAT cells. Scale bar, 2 ym.
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Supplementary Fig 2. RNA-seq based transcriptome profiling reveals the gene-expression
programs regulated by BAHCC1 in various human acute leukemia models.

a-b, The mRNA and protein levels of the indicated PRC1 or PRC2 component after BAHCC1
knockdown (KD) relative to mock empty vector control (shEV), as examined by RT-gPCR (panel a;
n=3 biologically independent samples, with data presented as mean values + SD) and western blot
(panel b), respectively, in JURKAT (panel a and b, left) and CUTLL1 (panel b, right) T-ALL cells.

¢, Immunoblotting of H3K27me3 and total H3 in JURKAT and CUTLL1 cells after stable KD of
BAHCC1 (using either sh988 or sh993), relative to shEV control.

d-e, GSEA using the RNA-seq profiles of OCI-AML3 AML (panel d) and RS4;11 B-ALL (e) cells
shows that, relative to mock vector control (sh_Vec), BAHCC1 depletion is positively correlated to
derepression of the indicated gene signatures related to H3K27me3, PRC1 or PRC2 in both acute
leukemia models.

f, Venn diagram illustrating the overlap of differentially expressed genes (DEGs) found to be
upregulated after BAHCC1 depletion, relative to mock, in the OCI-AML3 (black) and JURKAT (red)
cells.

d, Venn diagram illustrating the overlap of DEGs found to be upregulated after BAHCC1 depletion,
relative to mock, in the RS4;11 (black) and JURKAT (red) cells.
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Supplementary Fig 3. The H3K27me3-binding-defective mutation of BAHCC1BAH causes
derepression of H3K27me3 target genes in acute leukemia cells.

a, Summary of Platform for Integrative Analysis of Omics data (Piano) analyses, which show
significant enrichment of the indicated gene sets in JURKAT cells with either the Y2533A (left) or
W2554G (right) homozygous mutation of BAHCC1BAH  relative to the matched WT cells.

b-c, GSEA revealing the positive correlation of BAHCC1 depletion (b), or the Y2533A or W2554G
homozygous mutation of BAHCC 18 (b-c), with reactivation of the HDAC target gene signatures.
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Supplementary Fig 4. A germline mutation of Bahcc1Y?337A in mice causes phenotypes of
partially penetrant neonatal lethality and mild dwarfism, while not significantly affecting
adult hematopoiesis in the surviving adult mice.
a-c, Representative flow cytometry plots to profile the indicated blood cell lineages in the bone
marrow (a) or spleen (b), as well as the indicated HPSC compartments in the bone marrow (c) of
the six-month-old littermates with either WT or the Y2537A homozygous mutation of Bahcc18AH,
The gating strategy of flow cytometry was shown in the top panel.



a -log10(FDR)
2 4 6 8 10 12 14 16 18 20

regulation of cell population proliferation (GO:0042127)

developmental process (GO:0032502)

multicellular organism development (GO:0007275)

anatomical structure morphogenesis (GO:0009653)

positive regulation of developmental process (GO:0051094)

regulation of cell differentiation (GO:0045595)

regulation of lymphocyte proliferation (GO:0050670)

positive regulation of cell population proliferation (GO:0008284)

immune system development (GO:0002520)

regulation of apoptotic process (GO:0042981)

regulation of lymphocyte differentiation (GO:0045619)

lymphocyte differentiation (GO:0030098) [

positive regulation of mononuclear cell proliferation (GO:0032946 ) [
positive regulation of leukocyte differentiation (GO:1902107)

positive regulation of lymphocyte proliferation (GO:0050671)
neurogenesis (GO:0022008)

regulation of T cell differentiation (GO:0045580)

cell population proliferation (G0O:0008283)

regulation of CD4-positive, alpha-beta T cell differentiation (GO:0043370)
tube development (GO:0035295)

regulation of cell development (GO:0060284)

positive regulation of B cell proliferation (GO:0030890)

positive regulation of T cell differentiation (GO:0045582)

regulation of nervous system development (GO:0051960)

regulation of neurogenesis (GO:0050767)

regulation of alpha-beta T cell differentiation (G0O:0046637)

regulation of cell morphogenesis (G0:0022604)

regulation of myeloid leukocyte differentiation (GO:0002761)
(
(

regulation of axonogenesis (G0O:0050770)
positive regulation of cell development (GO:0010720)
positive regulation of CD4-positive, alpha-beta T cell differentiation (GO:0043372)

b chrX:109885462-110070667
10-2)
Input (for H3K27mMe3) |
0-2)
Input (for H3AUD) |..... .. e ST pa—— |
[0-05]
HBK27ME3 |t ittt & iantbs st i Lt i v s i aiile iy
[0-0.5]
H2AUD [eooabr kit Mokt ool th b il stsneenis skl il |
CHRDL1
chr7:143045368-143069094
©-2 5k
Input (for H3K27me3) | . S S ——
0-2
Input (for H3AU ) | H e U S SR SO S S U |
-1
HBK27MEB bttt e+ttt ko o]
0-05]

H2AUD oot vt il ot o nctsdich borashbishinity e it oo AL Lk

—— e . .

FAM131B
chr2:30439214-30511735
[0-2] 5 kb
I
Input (for H3K27me3) | -~ . .. . R . R b
[0-2
INPUL (FOF HBAUD) [+ v e v snink b oot i b & o ks s ks s 8 3 tha 45 ot s i i
[0-05]
HBK27Me3 b i st —s B ot et e b i
[0-05]

H2AUb ..Mh..m;.mmmkllm.\mm. ..... TR PP AR VR TY P PN MR YR EY 1 TR | TR TN

LBH
chrX:117956368-117967942

Input (for H3K27me3) | > o o [ N S

[
Input (for H3AUD) |- L e

0-05] 1

H3K27me3 --LMM-MMML
[0-05]

H2AUD la e bR s dabiis bbb, e b ks e i o

ZCCHC12

Supplementary Fig 5. An E2A-PBX1-transformed murine acute leukemia model,
established with HSPCs from either WT or Bahcc1Y2537A.mutated mice, reveals a positive
correlation between the H3K27me3-binding-defective Y2537A mutation of Bahcc18A" and
derepression of the H3K27me3/Polycomb target genes.

a, GO analyses of the genes upregulated in the E2A-PBX1-transformed murine leukemia cells
with the Y2537A homozygous mutation of Bahcc 181, relative to WT.

b, ChlP-seq profiles of H3K27me3 and H2AK119 ubiquitination (H2Aub) at the indicated
BAHCC1- and PRC1-corepressed genes in 293 cells.



