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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 

(10µg/ml) or PMA (50nM) + ionomycin (0.5µg/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. c, 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-κB binding 

genomic region. Error bar represents the SEM. t- 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. k, 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). l, 

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. 



Consensus sequence P-value Motif Name

1e-190 Sfpi1

1e-167 Fra1(bZIP)

1e-103 TFE3(bHLH)

1e-102 NFkB-p65

1h inducible ATAC peaks (de novo)
Consensus sequence P-value Motif Name

1e-83 BORIS(Zf)

1e-25 NRF1(NRF)

1e-23 Sp2(Zf)

1e-23 POL004.1

18h inducible ATAC peaks (de novo)

Consensus sequence P-value Motif Name

1e-960 BORIS(Zf)

1e-360 SPIC

1e-178 PU.1:IRF8

1e-77 CTCFL

1h unchanged ATAC peaks (de novo)

Consensus sequence P-value Motif Name

1e-491 BORIS(Zf)

1e-117 Elf4(ETS)

1e-104 Sp1(Zf)

1e-77 ZNF652

18h unchanged ATAC peaks (de novo)

d

c

a b
Sample_name Total reads

Overall 
alignment rate

H3K4me3 0h1 25211666 96.59%
H3K4me3 0h2 23659972 96.49%
H3K4me3 1h1 21764483 94.29%
H3K4me3 1h2 21925488 92.27%
H3K4me3 18h1 17167855 92.54%
H3K4me3 18h2 29715723 93.92%
H3K27ac 0h1 37095861 97.65%
H3K27ac 0h2 36375511 97.50%
H3K4me1 0h1 36185201 96.83%
H3K4me1 0h2 43800808 97.00%
ATAC 0h1 88994694 89.65%
ATAC 0h2 154175378 90.88%
ATAC 1h1 177728362 91.82%
ATAC 1h2 93133477 87.99%
ATAC 4h1 161913062 91.28%
ATAC 4h2 138408887 90.84%
ATAC 18h1 179624575 77.58%
ATAC 18h2 158563820 72.92%
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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 Diffbind settings of FDR<0.05 and 

fold change >1.5 compared with ATAC-seq at 0h. c, Motif analysis of sequences underlying induced 

ATAC-seq peaks compared to 0h 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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Sample_name Total reads
Overall 

alignment rate
RelAfl/fl 0h1 52709768 76.57%
RelAfl/fl 0h2 51660032 77.57%
RelAfl/fl 1h1 54038778 75.48%
RelAfl/fl 1h2 59370298 76.57%
RelAfl/fl 4h1 51755497 78.98%
RelAfl/fl 4h2 61225427 79.61%
RelAfl/fl 18h1 53191016 81.99%
RelAfl/fl 18h2 53202127 79.98%
RelA cKO 0h1 60172856 75.06%
RelA cKO 0h2 51524671 77.12%
RelA cKO 1h1 48708742 73.76%
RelA cKO 1h2 55075342 75.79%
RelA cKO 4h1 65529355 75.71%
RelA cKO 4h2 55624647 72.32%
RelA cKO 18h1 56854065 79.80%
RelA cKO 18h2 53563852 78.40%
WT 0h1 45489853 52.81%
WT 0h2 47990047 57.03%
WT 1h1 46439931 60.71%
WT 1h2 46858768 58.31%
WT 4h1 51951065 58.98%
WT 4h2 45914819 60.60%
WT 18h1 41878859 70.86%
WT 18h2 45061051 67.28%
BAY 0h1 45553160 51.94%
BAY 0h2 43840510 62.54%
BAY 1h1 42685079 62.50%
BAY 1h2 50860425 49.46%
BAY 4h1 45405779 65.48%
BAY 4h2 49110887 64.38%
BAY 18h1 49241869 56.47%
BAY 18h2 44424315 68.84%
Rel KO 0h1 54293019 48.50%
Rel KO 0h2 48109867 55.99%
Rel KO 1h1 51083828 45.51%
Rel KO 1h2 51274238 43.46%
Rel KO 4h1 50733414 56.40%
Rel KO 4h2 48787522 52.29%
Rel KO 18h1 43733327 59.29%
Rel KO 18h2 44460601 64.81%
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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 IKK2 inhibitor BAY11-7082. 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. c, Gating strategy for identification of protein products of NF-κB 

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-κB target genes (Dec1, Ezh2, Hsp90b1: n=2, CD72: n=3). For Ikba and CD72 error 

bar represent SEM and significance was measured using paired t-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 of ≤ 0.05 - blues circle size in clusters indicates FDR values. e, Summary of NF-κB binding 

to genes whose inducible expression was unaffected by BAY11-7082. 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-κB 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 RelA cKO and RelAfl/fl 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.  c, Gene expression of RelA selective 

genes in ex vivo RelA deleted B cells. TAT-Cre treated B cells of RelAfl/fl 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 RelAfl/fl and RelAfl/fl + TAT-Cre 

treated B cells. Black inset graphs represent the fold change values between RelAfl/fl and  RelAfl/fl 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 β-actin (relative expression = 2 (CT (β-actin)-CT (target gene)). d,

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. c, 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 S5c. 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 RelA cKO and Rel KO 

mice after anti-IgM stimulation. Relative to Gapdh expression levels of indicated genes are shown. 

Left panel represents RelA cKO compared with RelAfl/fl 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 RelAfl/fl, RelA cKO, WT and Rel KO cells.

a, Seurat UMAP visualization of scRNA-Seq libraries generated from RelAfl/fl and RelA cKO B cells at 0, 1, 

and 4h (left) and WT and Rel 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 RelAfl/fl and RelA cKO cells that express marginal zone 

markers Cd1d1, Cd9, Tm6sf1, Dtx1, S1pr3, and Cr2 (top) across clusters 0 - 6 of 11.  Cluster 4 exhibits the 

strongest MZ signature. Expression of RelA-dependent genes Pim1, Tgif1, Samsn1, 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. c, RelA-selective genes in RelAfl/fl and RelA 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-κB 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 BAY11-

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-κB target genes to cancer.

a, Plots show average correlation of early [I3 (113)] or late [I1 (101) and I6 (153)] direct NF-κB 

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 I6

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

analysis.
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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.

Source data anti-Rel antibody validation
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