A

Group

Group
B Lymphoma high TCC

DNA Methylation (beta-value)

[l Benign B-cell subpopulations 05 1
[l Benign T-cell subpopulations
[l Macrophages
Monocytes
B C
1
1.25 \
1 o “n® oo
— ! %o ¢ .
o~ 3 : ool o A.:v.
g g : % om0
T 1.00 & 075 X A o o
g s L egrtnie 8,0 00
8 €N 10 oo °
= (0] 1 e Qo
c * Q L4 [
£ 075 = N
> © I:'o‘ ®
% . ‘S 0.50 :o °e o
E s et .
@ 0.50 g 24%
w = . 4
o g (0]
2 == £ ’;'.
° < )
© Z 0.25 . o2
0.25 a o
3 &
1
E f 1
1
- 1
0.00 4 :
0.00 ]
0.00 0.25 0.50 0.75 1.00 1.25 1.50
Benign subpopulations Lymphoma relative FBS methylation (beta-value)

[l Benign T-cells

B Benign B-cells

[ Macrophages
Monocytes

Il Lymphoma high TCC

B Lymphoma int TCC

B Lymphoma low TCC
Lymphoma unknown TCC

Supplementary Figure S1: DNA methylation-based purity classifier. A: Heatmap displaying the beta
values of 64 highly significant differentially methylated CpGs (oc/omax=0.8, q<=1e-20) in 93 benign B-cell
populations, 49 benign T-cell populations, 23 monocytes, 9 macrophages versus 68 B-cell lymphomas
(Burkitt lymphoma, diffuse large B-cell lymphoma, follicular lymphoma) with a tumor cell content (TCC)
higher than 70% as estimated by whole genome sequencing. Of those 64 CpGs, 30 were hypermethylated
in the B-cell lymphomas, 34 were hypomethylated. Columns encode samples and rows display CpGs. B:
Box plot showing relative DNA methylation of CpGs within frequently bivalent segments (FBS) of benign
subpopulations and B-cell lymphomas with varying TCC. The FBS segments which were described to be
differentially methylated between benign B-cells and B-cell lymphomas were recently published by
Bernhart et al. (28). The relative FBS DNA methylation decreases with decreasing TCC. C: Scatter plot
combining the values of the mean DNA methylation of the 30 hypermethylated CpGs in the B-cell
lymphomas with high TCC (y-axis) and the relative FBS DNA methylation (x-ayis). Cases with a mean DNA
methylation for the 30 CpGs below 0.55 and a relative FBS DNA methylation below 0.55 were excluded
from further analysis (grey background). Lymphoma high TCC: > 70% TCC; lymphoma int TCC: 50% <
TCC < 70%; lymphoma low TCC: TCC < 30%; gcBC: germinal center B-cells. Differential DNA methylation
analysis was performed with the OMICS Explorer 3.2 (Qlucore, Lund, Sweden).
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Supplementary Figure S2: DNA methylation-based calculations of cellular composition and purity
scores. The box plots display various purity scores and cellular composition. sBL: sporadic Burkitt
lymphoma; eBL: endemic Burkitt lymphoma; iBL: immunodeficiency-associated Burkitt lymphoma.
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Supplementary Figure S3: Summary of optimal number of k clusters. Various consensus partitioning
mehtods (k-means, spherical k-means, hclust, mclust, pam) using different CpG selection strategies (SD,
CV, MAD, ATC) were applied on the 309,078 CpGs and the 96 primary Burkitt ymphoma cases using the
cola package (34). A: Bar plot displaying the optimal number of k clusters for each of the 20 method
combinations. Each bar represents a unique combination, with the height indicating the optimal k
determined for that combination. B: Frequency distribution of optimal k clusters. The bar plot shows how
often each number of clusters (k) was identified as optimal across all 20 combinations. The x-axis
represents the possible k numbers, while the y-axis shows the count of combinations that yielded each k
as optimal. SD: standard deviation; CV: coefficient of variance; MAD: median absolute deviation; ATC:
ability to correlate to other rows; hclust: hierarchical clustering + cutree; mclust: model-based clustering;
pam: partitioning around medoids. Statistics are summarized in Supplementary Table 3.
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Supplementary Figure S4: Consensus clustering of DNA methylation data in Burkitt lymphoma. This
plot displays the output of the collect_plot() function from the cola package (34), utilizing the standard
deviation for feature selection and k-means clustering. The analysis was performed on 309,078 CpGs
across 96 Burkitt lymphoma cases. The plots show the empirical cumulative distribution (ECDF) curve of
the consensus matrix, the consensus datasets, the consensus heatmaps, the membership heatmaps and
signature heatmaps for each k.
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Supplementary Figure S5: Characterization of the 9,313 CpGs across BL-M1-M3. A: Bar plots display
distribution of the CpGs within chromatin states defined in germinal center-derived B-cells (gcBCs) derived
from Kretzmer et al. (left), their positions relative to CpG islands as annotated in the lllumina manifest
(CGls, middle) and within the dynamic modules defined by Kulis et al. (right). The Kulis modules are
summarized according the defined patterns (I-1V) within the paper. Statistical comparisons are summarized
in Supplementary Table 6. Shelf: ~4 Kb from islands; Shore: ~2 Kb from islands. n/a: not applicable. B:
Transcription factor (upper panel) and pathway (lower panel) enrichment analysis of the genes associated

with the modules BL-

M1-M3.
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Supplementary Figure S6: DNA methylation levels of the 9,313 CpGs across non-malignant (pre-)B-
cell subpopulations. Heatmap is adapted from Figure 1 and expanded to incorporate non-malignant
(pre-)B-cell subpopulations (n=93). Rows represent individual CpGs, and columns represent samples. B-
cell subpopulations are organized according their differentiation state. n/a: not applicable.
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Supplementary Figure S7: Comparative DNA methylation profiling of primary Burkitt lymphoma
cases with cell lines. A: Heatmap is adapted from Figure 1 and expanded to incorporate 23 cell lines (17
Burkitt lymphoma-derived cell lines [CL], 6 lymphoblastic cell lines [LCL]). Rows represent individual CpGs,
and columns represent samples. B: Box plots illustrating key epigenetic features, including epigenetic age
(Horvath clock), proliferation history (epiCMIT), and median DNA methylation levels based on the 309,078
CpGs and 9,313 CpGs. C-D: UMAP analysis based on the 309,078 CpGs (C) and the 9,313 CpGs (D). n/a:
not applicable.
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DNA methylation levels of the 11,839 CpGs across non-malignant

(pre-)B-cell subpopulations. Heatmap is adapted from Figure 2b and expanded to incorporate non-
malignant (pre-)B-cell subpopulations (n=93). Rows represent individual CpGs, and columns represent
samples. CpGs are organized according the defined signatures: PP2 Signature, Non-PP2 Signature. PP2:
Poised promoter and polycomb repressive complex 2; GC: germinal center; n/a: not applicable.
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Supplementary Figure S9: Differential DNA methylation analysis of EBV-positive and EBV-negative
Burkitt lymphoma cell lines. A: Heatmap displaying DNA methylation levels of 738 differentially
|[AB] > 0.2). Lymphoblastoid cell lines were excluded from
analysis and solely displayed. Rows represent CpGs and column represent samples. Both samples and
CpGs are clustered with k-means clustering, resulting in two distinct CpG modules. B: Enrichment analysis
results for the two CpG modules mentioned in (A). The analysis includes transcription factor binding sites
(ENCODE and ChEA databases) and biological pathways (KEGG database). C: Venn diagramm showing
the overlap of the significant differentially methylated CpGs between EBV-positive and EBV-negative cases

methylated CpGs (adjusted p-value < 0.01,

EBV-negative LCLs EBV-positive B
CLs CLs
Group

ZBTB7A ENCODE
GATA1 CHEA
SPI1 CHEA
GATA2 CHEA
TP63 CHEA
RUNX1 CHEA
STAT3 CHEA
UBTF ENCODE
NANOG CHEA
PPARG CHEA

AR CHEA
ZC3H11A ENCODE
SP1ENCODE
HNF4A ENCODE

ENCODE and ChEA

TCF3 CHEA

4 6
-log10(p-value)

ENCODE and ChEA

TP63 CHEA

SUZ12 CHEA
ZBTB7A ENCODE
GATA1 CHEA

UBTF ENCODE
HNF4A ENCODE
REST CHEA
ZKSCAN1 ENCODE
KLF4 CHEA

STAT3 CHEA
ZC3H11A ENCODE
ZBTB33 ENCODE
POUSF1 CHEA
RUNX1 CHEA
SMC3 ENCODE

1 2 3

4

Human T-cell leukemia virus 1 infection
Mucin type O-glycan biosynthesis
Human cytomegalovirus infection
Bladder cancer

B cell receptor signaling pathway
Natural kiler cell mediated cytotoxicity
Other types of O-glycan biosynthesis
T cell receptor signaling pathway
MicroRNAs in cancer

Glutamatergic synapse

Chemokine signaling pathway
Chronic myeloid leukemia

Viral carcinogenesis

Apelin signaling pathway

Insulin signaling pathway

KEGG

02 04
-log10(p-value)

06

KEGG

Notch signaling pathway
Human papillomavirus infection
mTOR signaling pathway
Synaptic vesicle cycle
Glycosphingolipid biosynthesis
Breast cancer

Phagosome

Mineral absorption

Pathways of neurodegeneration
MicroRNAs in cancer
Collecting duct acid secretion
Purine metabolism
Hypertrophic cardiomyopathy
Ferroptosis

Th1 and Th2 cell differentiation

~log10(p-value)
Qo
EL;Q’-E DNA methylation (beta-value)
Lo
E [ . :
%_@ 0 0.5 1 Primary lymphoma Cell lines
53 ' (11,839 CpGs) (738 CpGs)
g Group EBV status
g Sgt M negative
o el ositive
BLcL H P

in primary lymphoma and cell lines.

i

2
-log10(p-value)



I Type
IEE B custr
1\ Group
EBV status

]
11 ] 1
| I E—
chr5:1291759-1344949 TERT DNA methylation (beta-value)
i -
chr7:1033799-107863 MADIL1 0 0.5 1
chr7:2547274-2570968 LFNG
chr7:5257161-5280312 wiPI2
Type
chr7:101441294-101552028 cux1 .
[ Primary lymphoma
chr10:329754-389177 ZMYND11
chr10:102802701-102835706 TLX1; NFKB2 Cluster
ot sasssernsessoce | 1011 0 1 ccow: veves acea; oso; vecrs; mimiss; wisione B BLANCT
BL-mC2
L e
chr13:50679811-50742385 _ RB1; MIR16-1; DLEU1 M BL-mC4
amactossezsza-toszess | GGG - < rcor: B germinal center B-cells
chr16:89031630-89071981 CBFA2T3; ACSF3 Group
chr16:89098144-89134622 CBFA2T3; ACSF3 SBL
chr16:89160506-89198190 CBFA2T3; ACSF3 - eBL
iBL

chr17:75395785-75491084 BIRC5

BIRC5

M germinal center B-cells
chr17:76110032-76172498

BIRC5; RPTOR; RBFOX3 EBV status

RPTOR; B3GNTL1 B negative

il e B ke

chr17:77763922-7787806

chr17:80807527-80851873

chr18:77193838-77289792

chr22:46794825-46935524

CELSR1

Supplementary Figure S10: DNA methylation patterns of superenhancers in Burkitt lymphoma
subtypes. The heatmap displays DNA methylation levels of 22 superenhancers affected by differential
DNA methylation between EBV-positive and EBV-negative Burkitt ymphoma cases. Only superenhancers
affected by at least 10 differentially methylated CpGs are shown (adjusted p-value < 0.01, |AB| > 0.3).
Median DNA methylation levels were calculated across the CpGs for each superenhancer.
Superenhancers are grouped according to chromosomes. The left panel displays genomic coordinates for
each superenhancer. The right panel lists selected genes potentially impacted by the enhancer, located
within a 2 megabase genomic range.
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Supplementary Figure S11: Differential DNA methylation analysis of EBV-positive endemic and
sporadic Burkitt lymphoma. A: Heatmap displaying DNA methylation levels of 520 differentially
methylated CpGs (adjusted p-value < 0.01, |AB| > 0.2) between EBV-positive eBL (n=17) and sBL (n=5).
The two cases in which EBV infection was likely a bystander than a driver event (Cluster BL-mC4), were
excluded from the differential DNA methylation analysis. Rows represent CpGs and column represent
samples. B: Transcription factor enrichment analysis (ENCODE and ChEA) on the genes associated with
the 520 CpGs.
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Supplementary Figure S12: Comparison of DNA methylation levels
splenomegaly samples. Heatmaps showing DNA methylation levels of the 9,313 CpGs (A) adapted from
Figure 1C, 11,839 CpGs (B) adapted from Figure 2B, and 520 CpGs (C) from Supplementary Figure S11
expanded to incorporate non-malignant (pre-)B-cell subpopulations (n = 93), cell lines (n = 23) as well as
malaria-induced splenomegaly (n = 5). Rows represent individual CpGs, and columns represent samples.
PP2 Signature, Non-PP2 Signature. PP2: Poised promoter and polycomb repressive complex 2; GC:

germinal center; n/a: not applicable.
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