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Figure S1: RelA and Rel ChIP-Seq in BCR activated spleen B cells

a, b RelA nuclear translocation after activation. Splenic B cells were activated with anti-IgM Fab'2
(10pg/ml) or PMA (50nM) + ionomycin (0.5ug/ml) for 1h and stained for RelA (RelA-APC) and
nucleus (DAPI). RelA nuclear translocation was measured using Amnis Imagestream Mk II and
quantified using IDEAS software a, Representative images of Imagestream at indicated times and
activation regimes. Similarity index scores (yellow fonts) overlap between DAPI and RelA-APC
channels b, Histogram representing RelA nuclear translocation (similarity index) of >6000 cells at
(top) and bar graph representing mean of RelA translocation from 3 independent experiments
(bottom). Error bars represent SEM. Translocation gate in the histogram indicates cells with nuclear
RelA. ¢, Specificity check of anti-Rel and anti-RelA antibodies. RelA or Rel recruitment to promoter
regions of target genes, WT and Rel KO splenic B cells activated as indicated. Fold change was
calculated by comparison with an equal amount of input DNA (200pg) and a non-NF-kB binding
genomic region. Error bar represents the SEM. - test significance ** = p<0.005. d, Bowtie analysis
summary table of each replicate RelA and Rel ChIP-Seq library e, Scatterplots, created with
deepTools bamCorrelate, depicting Pearson correlation between biological replicate RelA and Rel
ChIP-Seq libraries f, g Complete list of significant transcription factor binding motifs (default
statistical setting provided by HOMER) to enriched within RelA peaks (f), Rel peaks (g) at different
time points identified using HOMER (de novo). h, Transcription factors (TF) motifs under RelA 1h
and Rel 18h peaks were identified by TFmotifView. The top 10 enriched over global control TF
binding motifs are shown (statistical test provided according to TFmotifView). The entire TF binding
motif analysis’ can be found using the links provided. i, Venn diagram depicting the overlap between
RelA and Rel binding sites genome-wide after 1h BCR crosslinking. Peaks were chosen with a
threshold of 10-fold (RelA) and 5- fold (Rel) change compared to input. j, Genomic annotation of
unique and shared Rel- and RelA-specific binding region (Figure 1b) using HOMER. Kk, List of
significant transcription factor binding motifs (default statistical setting from HOMER) enriched
within RelA-specific, Rel-specific and RelA/Rel shared peaks identified using HOMER (de novo). 1,
Representative genome browser tracks (mm9) of RelA-specific, Rel-specific and Rel/RelA shared
binding of RelA at indicated times compared to input. The y axis represents normalized reads per 10

million.



Figure S2

b
Overall
Sample name |Total reads|alignment rate ATAC 1h ATAC 18h
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Figure S2: Kinetics of chromatin accessibility and histone modifications in activated B cells.

a, Bowtie analysis. Table reporting Sample name, Total reads, and Overall alignment rate of each
biological replicate ChIP-Seq and ATAC-Seq library. b, Venn diagram of the overlap of induced ATAC-
seq peaks at 1h, 4h and 18h. Induced peaks were identified, using Diftbind settings of FDR<0.05 and
fold change >1.5 compared with ATAC-seq at Oh. ¢, Motif analysis of sequences underlying induced
ATAC-seq peaks compared to Oh was carried out using HOMER. The top 4 de novo motifs associated
with differential ATAC-Seq peaks at 1h and 18h are shown. d, Motif analysis of sequences underlying
ATAC-Seq peaks whose intensity did not change with BCR crosslinking was carried out using HOMER.

The top 4 de novo motifs at 1h and 18h are shown.
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Figure S3

Figure S3: Gene expression analyses in activated B cells.

a, Table of total reads and overall alignment rate, expressed as percentage of total, for 40 RNA-
Seq samples including 20 biological replicates. RSEM was used to align samples to the mm9
reference genome. b, Kinetics of nuclear RelA and Rel induction in activated B cells in the
presence or absence of the IKK?2 inhibitor BAY 11-7082. Nuclear extracts from splenic B cells
treated with anti-IgM Fab'2, with or without inhibitor, for the indicated times (h) were probed with
anti-RelA, anti-Rel or anti-hnRNP A1 (loading control) antibodies by western blot. Representative
image of 3 experiments is shown. ¢, Gating strategy for identification of protein products of NF-xkB
target genes. Histograms and bar graphs representing mean of median fluorescence intensity (MFI)
values are shown, left column known targets (Myc, Egr2, Rel: n=2, Ikba: n=3), right column newly
identified NF-«B target genes (Decl, Ezh2, Hsp90b1: n=2, CD72: n=3). For Ikba and CD72 error
bar represent SEM and significance was measured using paired #-test, * < 0.05, ** <0.01, *** <
0.001 and **** <0.0001. d, KEGG pathways of gene clusters shown in Fig 3d. Top row —
Hierarchically clustered pathways from all genes in cluster I3, I1 and I6. Bottom row - pathways
from RelA- or Rel- binding genes of indicated clusters. Significant pathways were defined by an
FDR 0of < 0.05 - blues circle size in clusters indicates FDR values. e, Summary of NF-xB binding
to genes whose inducible expression was unaffected by BAY 11-7082. Top: 431 out of 1542 genes
that were up-regulated > 2x by anti-IgM Fab'2 treatment bound Rel or RelA. De novo motif
analysis underlying these NF-kB peaks using HOMER is shown to the right of the Venn diagram.
Bottom: 572 out of 1442 genes that were downregulated by anti-IgM Fab'2 treatment bound Rel or
RelA; corresponding HOMER analysis is shown to the right, with default setting for p-values in
HOMER. f, RNA-Seq data representing expression of 2209 genes that did not change with anti-
IgM Fab'2 and inhibitor treatment. Of these, 273 showed inducible RelA or Rel binding (orange

circle). HOMER analysis of sequences underlying these peaks is shown to the right.
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Figure S4: Gene expression and ChIP analysis of RelA and Rel target genes.

a, Flow cytometry analysis of RelA expression in splenic B cells of Rel4 ¢cKO and RelA"" mice (left)
and scatter plots depicting the distribution of typical splenic B cell subsets (Fo = Follicular B cells; MZ
marginal zone B cells) identified by markers, B220, AA4.1, CD23 and CD21 (right) (n=2; number
represent mean value £ STD). b, Ex vivo deletion of RelA in B cells using TAT-Cre. Histograms from 2
independent experiments representing RelA levels are shown. ¢, Gene expression of RelA selective
genes in ex vivo RelA deleted B cells. TAT-Cre treated B cells of RelA”"/" or C57BL/6 genotypes
(Figure S4b) were stimulated with anti-IgM Fab'2 and qRT-PCR was done. Red graphs represent
C57BL/6 (WT) and WT+TAT-Cre treated B cells; blue graphs represent Rel4" and RelA"" + TAT-Cre
treated B cells. Black inset graphs represent the fold change values between Rel4A™" and RelA"! x
Cd19-cre at 0, 1, 4 and 18h obtained from RNA-seq data shown in Figure 3e. Data for individual
genes are represented as relative expression to B-actin (relative expression = 2 (CT (B-actin)-CT (target gene)) -
Representative browser tracks, based on mm9 annotation, of ChIP-Seq profiles of Rel target genes 18h
after anti-IgM treatment. Yellow lines indicate the positive primer site, grey lines indicate negative
control sites in each locus. The Y axis represents normalized reads per 10 million of aligned reads. e,
Independent ChIP-PCR of Rel targets at 18h after anti-IgM treatment. Data shown are the average of 2
additional ChIP experiments, normalized to input value; grey bars represent negative control

amplicons from Figure S4d.
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Figure S5: Gene expression in follicular (Fo) and marginal zone (MZ) B cells.

a, FACS sorting strategy for splenic Fo and MZ B cells isolation from negatively selected splenic B
cells. Post sort purity is shown for Fo and Mz B cells (bottom panel). b, RNA-Seq was performed
with RNA from Fo and MZ B cells activated with anti-IgM for 0, 1, 4 and 18h. Differential gene
expression (using EBSeq - FDR<0.05) from two biological replicate experiments. Plot of log2 fold
changes in gene expression at either 1, 4 or 18 h post activation compared to un-activated cells in Fo
(left) and MZ (right) cells. Horizontal red dotted lines correspond to fold change thresholds of > 2.
Numbers of genes up- or down-regulated by > 2x are indicated. ¢, In both Fo (left) and MZ (right)
cells, inducible transcripts were partitioned into 3 up (a-c) and 3 down (d-f) regulated kinetic patterns
by k-means clustering. Each graph represents the centroid profile of the average of z-score of fold
change (FC) compared with untreated cells at 1, 4, and 18 h. Total numbers of genes in each pattern
are indicated on the right of each panel. d, Enriched KEGG pathways from Fo and MZ B cell genes
from indicated k-means clusters in Fig S5¢. Similar pathways are represented by hierarchical
clustering. FDR < 0.05 qualifies for significant pathways and blues circle size in clusters indicates
FDR values. e, Gene expression analysis by qPCR in Fo and MZ B cells of Rel4 cKO and Rel KO
mice after anti-IgM stimulation. Relative to Gapdh expression levels of indicated genes are shown.
Left panel represents Rel4 ¢cKO compared with RelA"/ and right panel are Rel KO compared with
WT, (n=2).
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Figure S6: Single cell Seurat analysis of B cell activation in Rel4"/, Rel4 ¢KO, WT and Rel KO cells.
a, Seurat UMARP visualization of scRNA-Seq libraries generated from RelA"/ and RelA ¢cKO B cells at 0, 1,
and 4h (left) and WT and Re/ KO at 0, 1 and 18h post anti-IgM Fab'2 treatment. The graph-based cluster
identities are defined by color in the key to the right of each UMAP set. The number of cells analyzed are
indicated. b, Average expression and percent of Rel4"" and Rel4 cKO cells that express marginal zone
markers Cdldl, Cd9, Tmé6sf1, Dtxl, Slpr3, and Cr2 (top) across clusters 0 - 6 of 11. Cluster 4 exhibits the
strongest MZ signature. Expression of RelA-dependent genes Pim 1, Tgifl, Samsnl, Nfkbia, Rel, Bhlhe40
in cluster 4 (bottom) c-f, Scaled expression data is plotted as bar graphs for a subset of genes found in
Figure 5 a-d after various induction times. ¢, RelA-selective genes in Rel4™" and Rel4 ¢cKO B. d,
Expression of RelA-selective genes in WT and Rel KO B. e, Rel-repressed genes in WT and Rel KO B.

f, Rel target genes in WT and Rel KO B cells.
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Figure S7: Indirect NF-xB target genes

Mx2 and Gbp10 are examples of genes that are affected by inhibitor treatment but do not bind either
RelA or Rel at any activation time point. The top 8 lines show RNA-Seq tracks at different times after
anti-IgM Fab'2 treatment of spleen B cells from C57BL/6 mice in the presence or absence of BAY'11-
7082 treatment. The bottom 2 lines (including input track) show RelA 1h or Rel 18h ChIP-Seq tracks.
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Figure S8: Relationships of direct and indirect NF-xB target genes to cancer.
a, Plots show average correlation of early [13 (113)] or late [I1 (101) and 16 (153)] direct NF-xB

target genes across 14 functional states in 10 cancer types by CancerSEA analysis. The dot size

depicts the correlation strength average. The bar graphs illustrate the number of datasets in which the

genes are significantly related to the associated function. Blue represents a negative correlation,

while red represents a positive correlation. b, Relevance of early [I3 (53)] or late [I1 (356) and 16

(437)] indirect NF-kB target genes across 14 functional states in distinct cancers by CancerSEA

analysis.
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				ALL		-0.239		0.148		0.178		-0.185		0.335		0.39		0		-0.097		-0.271		0.085		-0.036		-0.091		-0.121		0.214																CNS/brain		GBM

				AML		-0.239		-0.225		0.142		-0.314		0.072		0.356		-0.035		-0.228		-0.504		0.259		-0.216		-0.236		-0.354		0.01																		Glioma

				CML		-0.113		0.233		0.364		0.156		0.404		0.486		0.294		0.205		-0.222		0.589		0.215		0.098		-0.235		-0.155																		AST

				CRC		-0.275		-0.074		0.109		-0.31		0.301		0.483		0.052		-0.264		-0.222		0.401		0.007		0.028		-0.165		0.147																		HGG

				BRCA		-0.19		0.181		0.258		-0.184		0.407		0.468		-0.079		0.007		-0.195		0.223		-0.061		0.021		-0.231		-0.112																		ODG

				AST		-0.063		0.06		-0.013		-0.162		0.037		0.154		-0.044		-0.114		-0.193		0.092		-0.107		-0.006		-0.16		-0.102																Lung		LUAD

				GBM		0.257		0.354		0.268		0.138		0.272		0.456		0.372		0.24		0.15		0.4		0.362		0.16		0.2		0.069																		NSCLC

				Glioma		-0.033		0.044		-0.023		-0.167		0.244		0.214		-0.014		-0.111		-0.228		0.251		-0.065		0.036		-0.126		-0.233																Skin		MEL

				HGG		0.033		-0.106		-0.13		-0.053		-0.032		0.143		-0.037		-0.037		-0.06		0.177		-0.117		0.006		0.094		-0.097																Kidney		RCC

				ODG		-0.128		0.07		-0.109		-0.311		0.166		0.134		-0.108		-0.171		-0.31		0.263		-0.284		-0.105		-0.171		-0.311																Breast		BRCA

				HNSCC		-0.148		-0.02		0.359		-0.105		0.309		0.397		0.132		-0.104		-0.22		0.276		0.029		0.151		-0.216		-0.402																Prostate		PC

				RCC		-0.007		0.12		0.068		0.108		0.054		0.062		-0.154		0.138		-0.1		-0.11		0.011		-0.018		-0.052		0.118																Head and neck		HNSCC

				LUAD		-0.442		0.098		0.497		-0.384		0.459		0.592		-0.053		-0.326		-0.286		0.224		-0.277		0.324		-0.3		-0.238																Ovary		OV

				NSCLC		-0.548		0.027		0.529		-0.143		0.535		0.683		-0.365		-0.475		-0.462		0.538		-0.638		0.325		-0.286		0.191																Bowel		CRC

				OV		-0.175		-0.177		-0.118		0.08		0.084		0.237		-0.145		-0.201		0.013		0.419		-0.094		0.094		0.08		0.176

				PC		0.317		-0.048		-0.05		-0.193		-0.013		0.135		-0.464		-0.155		-0.342		0.369		-0.321		-0.063		-0.316		-0.398

				MEL		-0.227		-0.066		0.148		-0.298		0.211		0.294		-0.158		-0.14		-0.316		0.134		-0.299		-0.046		-0.295		-0.276






Source data for Figure S3 b
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Source data anti-Rel antibody validation

Western Blot on mouse B cell protein extracts for validation of anti-Rel antibody
(cat no. sc-71, Santa Cruz Biotechnology), actin was used as a loading control.
Lanes — are from other irrelevant mouse strains.
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