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            Abstract
The opposition between Polycomb repressive complexes (PRCs) and BAF (mSWI/SNF) complexes has a critical role in both development and disease. Mutations in the genes encoding BAF subunits contribute to more than 20% of human malignancies, yet the underlying mechanisms remain unclear, owing largely to a lack of assays to assess BAF function in living cells. To address this, we have developed a widely applicable recruitment assay system through which we find that BAF opposes PRC by rapid, ATP-dependent eviction, leading to the formation of accessible chromatin. The reversal of this process results in reassembly of facultative heterochromatin. Surprisingly, BAF-mediated PRC eviction occurs in the absence of RNA polymerase II (Pol II) occupancy, transcription, and replication. Further, we find that tumor-suppressor and oncogenic mutant BAF complexes have different effects on PRC eviction. The results of these studies define a mechanistic sequence underlying the resolution and formation of facultative heterochromatin, and they demonstrate that BAF opposes PRC on a minute-by-minute basis to provide epigenetic plasticity.
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                    Figure 1: Design and development of a rapidly inducible system to recruit BAF complexes to heterochromatin in living cells.[image: ]


Figure 2: BAF complexes displace PRC repression upon recruitment.[image: ]


Figure 3: Rapid removal of BAF complexes by competitive inhibition of rapamycin triggers reformation of repressed heterochromatin.[image: ]


Figure 4: BAF complex-mediated eviction of Polycomb is ATP dependent.[image: ]


Figure 5: SMARCB1-depleted (MRT-like) BAF complexes fail to oppose PRC repression.[image: ]


Figure 6: SS18-SSX-containing (synovial sarcoma–like) BAF complexes exhibit enhanced occupancy and Polycomb eviction.[image: ]


Figure 7: Model for rapid BAF–Polycomb opposition in normal and oncogenic settings.[image: ]
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Supplementary Figure 1 Generation of a rapamycin-inducible recruitment system for mSWI/SNF (BAF) complexes to the Oct4 locus in MEFs.
(a) ChIP-seq tracks for Brg1 and Ezh2 over the Oct4 locus in ES cells and MEFs. (b) Lentiviral delivery vector design for Frb-V5-[BAF complex subunit, here shown, SS18] and direct fusion of FKBP to ZFHD1. (ZFHD1-FKBP) for tethering to binding array upstream of the modified Oct4 (Pou5f1) allele. (c) Enrichment of each mark over Oct4:WT and Oct4:CiA alleles in MEFs. The inserted allele and the wild-type allele show quantitatively similar chromatin landscapes. Error bars = Mean ± SD for n=3 experiments. (d) Baf47 and Baf57 Frb-V5 tagged complex subunits properly assemble into BAF complexes. (e) Density sedimentation analysis using 10-30% glycerol gradients indicate that introduced Frb-V5-Ss18 is stably incorporated as endogenous SS18 and is dedicated to the 2MDa BAF complexes. (f) Each Frb-V5 tagged BAF complex can be recruited by 20-40 fold upon 24 hours of rapamycin treatment. Error bars = Mean ± SD for n=3 experiments. (g) BAF complex recruitment (t=30’) to the Oct4:CiA locus in MEFs results in BAF complex occupancy levels similar to those in ES cells. Error bars = Mean ± SD for n=3 experiments. (h) BAF complex recruitment (fold enrichment by ChIP- qPCR) within the recruitment region at (left) +237bp, and (right)+377bp, from the ZHFD1 locus (-309bp and -169bp from the Oct4 TSS) using three different immunocapture antibodies.


Supplementary Figure 2 Chromatin marks, DNA accessibility, gene expression in BAF complex recruitment time course experiments.
(a) (left) Occupancy of PRC2 complexes and H3K27me3 is reduced at 60 minutes post-rapamycin treatment. (right) Recruitment of Frb-V5-Stop does not recruit BAF complexes, nor alter the occupancy of PRC2 or the H3K27me3 mark at t=60 minutes of rapamycin treatment. Error bars = Mean ± SD for n=3 experiments. (b) Total H3, H3K9me3, and H2A.Z are unchanged upon 60- minute BAF complex recruitment. Error bars = Mean ± SD for n=3 experiments. (c) Recruitment of Frb-V5-SS18 (BAF) to the Ascl1 locus. CATCH-IT results indicate nucleosomal turnover at 60’ post treatment with rapamycin. ChIP using V5, H3, H2AK119Ub shows site-specific decreases in histone mark enrichment upon BAF complex recruitment. Error bars = Mean ± SD for n=2 experiments for ChIP and n=4 experiments for CATCH-IT. (d) Schematic for modified ATAC-seq accessibility assays using Tn5 transposase. (e) Tn5 accessibility landscape over the CiA Oct4 locus shows enhanced accessibility within 60 minutes of BAF complex recruitment. (f) Overlap of Brg, Ezh2, and Ring1b MACS-called peaks displayed as Venn diagrams (published datasets). (g) Rapamycin addition (BAF complex recruitment) at various time points indicated does not result in increased percentage of GFP-positive cells (left) nor Oct4 gene expression (right) in CiA Oct4 MEFs. Error bars = Mean ± SD for n=3 experiments.
(h) RNA Pol II ChIP-qPCR over the CiA Oct4 locus indicates lack of recruitment upon BAF complex recruitment over a time course. Error bars = Mean ± SD for n=2 experiments.


Supplementary Figure 3 Structures and downstream reformation of heterochromatin in FK1012 competition (washout) experiments.
(A) Structures of (left) Rapamycin and (right) FK1012 showing the regions that bind FKBP, but not FRB, making FK1012 an effective competitor for rapamycin-induced recruitment of BAF complexes. (B) FK1012 competition (washout) triggers downstream removal of recruited BAF complexes at the +237bp from ZFHD1 site (-309bp from Oct4 TSS). (C-D) Reformation of downstream (C) PRC2 and (D) PRC1 repression upon FK1012 washout at the +237bp (from ZNFHD1 array) site. (E) DNA accessibility is lost and heterochromatin reforms downstream upon FK1012 washout. All experiments are a representative n=1 except Ring1b where error bars = Mean ± SD for n=3 experiments.


Supplementary Figure 4 SS18-SSX- containing (SS-like) BAF complexes display enhanced occupancy and PcG displacement at the Oct4 locus in MEFs.
(A) Recruitment of BAF complexes is similar at the recruitment site (+0bp; -443bp of the Oct4 TSS). (B-D) Eviction of (B) Ezh2, (C) Ring1b, and (D) H3K27me3 at the recruitment site (+0) is similar between WT BAF complexes and SS-like BAF complexes. (E) SS-like BAF complexes show enhanced occupancy downstream (+1034bp) of recruitment site. (F-H) Eviction of (F) Ezh2, (G) Ring1b, and (H) H3K27me3 downstream (+1034bp) of recruitment site is enhanced by SS-like BAF complexes as compared to wild type. Error bars represent Mean ± SEM for n=3 experiments.
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