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Supplementary Figure S1. Sample preparation for mass spectrometry.
a, HPLC profile of isolated H4-H3 complex. Each solid bar denotes a collected fraction. b, The N-terminal 
sequence of histone H4 and the peptides expected by the enzymatic digestions. me2: dimethyl; me3: trimethyl; 
ac: acetyl; LEP: lysyl endopeptidase; ASP-N: endoproteinase Asp-N.

2



nu
m

be
r o

fH
4K

20
ac

pe
ak

s
pe

rg
en

e

TSS TES

agrregation plots of H4K20ac indicated 
based on H3K4me3 signal intensities on TSS+/-2kbp

0 2000 4000

0.2

0.4

0.6

0.8

1.0

1.2

0.2

0.4

0.6

0.8

0.10

0.20

1.0

1.2

1.4

distance from TSS [bp]

d

TSS TES

agrregation plots of H4K20ac around TSS

agrregation plots of H4K20ac accross gene bodyHela-S3

mark
er

inp
ut

H4K
20

ac

co
ntr

ol 
IgG

100bp

1000bp

ChIP

c

a b

av
er

ag
e 

si
gn

al
 in

te
ns

ity
av

er
ag

e 
si

gn
al

 in
te

ns
ity

zero

zero

zero

Supplementary Figure S2-1. ChIP-seq analysis: gel electrophoresis and alternative aggregation plot analysis.
Native ChIP using Hela-S3 cells maintained in a spinner culture flask. a, 2.0% agarose gel electrophoresis of DNA 
from input and ChIPed materials with anti-H4K20ac and mouse control IgG. b and c, Averaged signal intensity of 
H4K20ac signals surrounding the transcription start site (TSS; b) and across the gene bodies (c) were indicated for 
11 groups of genes divided based on their expression levels. d, Averaged peak counts of H4K20ac signals across the 
gene bodies are indicated for 11 group of genes that were based on their H3K4me3 ChIP-seq signal intensity in Hela 
S3 cells. 
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Supplementary Figure S2-2. ChIP-seq analysis: controls.
a–d, Average signal intensity of H3K4me3 (a) or H3K9me3 (c) ChIP-seq signals and averaged peak counts of 
H3K4me3 (b) or H3K9me3 (d) ChIP-seq signals around TSS were indicated for 11 groups of genes that were 
divided based on their gene expression in Hela S3 cells.
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Supplementary Figure S2-3. ChIP-seq analysis: box plot analysis and aggregation plots for H3K36me3.
a, H4K20ac signal fold change (ratio of ChIP RPKM to Input RPKM) within 1 kb from TSS (left) and gene 
body (from 1 kb downstream of TSSs to TESs; right) was calculated for each gene. The distributions in 11 
groups of genes, that are categorized based on their gene expression levels, are box-plotted. b, Averaged peak 
counts of H3K36me3 ChIP signals across the gene bodies are indicated for the same 11 groups of genes 
described in (a).
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Supplementary Figure S2-4. A scatter plot of H4K20ac in Hela-S3 cells untreated and treated with interferon γ. 
Genome wide H4K20ac ChIP-seq signal intensities were compared in 10 kb bins between Hela-S3 cells untreated (x-
axis) and treated (y-axis) with interferon γ.
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Supplementary Figure S2-5. ChIP-seq analysis: hSMC.
a, 2.0% agarose gel electrophoresis of input and ChIPed DNA with anti-H4K20ac antibody using hSMC. b–c, Averaged 
peak counts of H4K20ac signals surrounding the TSS (b) and across the gene bodies (c) were indicated for 11 groups of 
genes that were divided based on their gene expression in hSMC cells. d, Distribution of H4K20ac and mRNA at 
genome loci spanning 997 kb (upper panel) and 33 kb (lower panel) in hSMC cells.

7



H4K20ac ChiP-seq H4K20ac ChiP-seq

FA
IR

E
 s

eq
 R

12
8

FA
IR

E
 s

eq
 R

13
9

Supplementary Figure S2-6. ChIP-seq: comparison with FAIRE-seq.
Correlation of H4K20ac with FAIRE-seq in the genome wide area. R128, R139: data number of FAIRE-seq of 
Hela-S3 cells in ENCODE.

8



a b

c d

e f

H3K4me1 H3K4me2

H3K36me3H3K27ac

H3K79me2 H4K20me1

Supplementary Figure. S3-1. Colocalization analysis: scatter plots.
a–f, Scatter plots of H4K20ac with other histone modifications (H3K4me1 (a), H3K4me2 (b), H3K27ac (c), 
H3K36me3 (d), H3K79me2 (e), H4K20me1 (f)) in the promoter areas. 
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Supplementary Figure S3-2. Colocalization analysis: Jaccard index curves.
Jaccard index curves were plotted as functions of the cutoff levels. ChIP-seq gene sets positive for H3K27ac 
(a), H3K27me3 (b), and H4K20ac (c) were compared with other histone modifications indicated in the upper 
right column. For some modifications, two curves with the same colors are shown since two independent 
ENCODE datasets (rep 1 and rep 2) were available.
The Jaccard index, J∈[0,1], measures the similarity between two sets, A and B, calculated as #(A∩B)/
#(A∪B). If the sets A and B were regarded as true and positive labels respectively, J is also calculated as #TP/
(#true + #FP). For example, J = 1 if all the positive labels completely match all the true labels of a matching 
control (A = B), and J = 0 if all the positive labels were on the false labels (#(A∩B) = 0). Therefore, higher 
index values show higher overlapping.
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Supplementary Figure S4. Transcription factor binding sites in H4K20ac-enriched sequences.
Aggregation curves of H4K20ac enrichment across the binding motif site of indicated transcription factors on the 
human genome (upper panel) and across the ChIP-seq peak of transcription factors (lower panel) are shown. USF, E2F 
and NFY_Q6 in aggregation curve data represent all of each factor isotypes or all factor subunits. 
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Fig.4 c, H4K20ac Fig.4 c, H3 Fig.4 c, H4

Fig.4 c, NRSFFig.1 f,GFP 

Fig.1 f,H4K20acFig.1 e,pan-H4(upper), 

H4K20ac(lower)

Supplementary Figure S5. Complete immunoblots.
The original immunoblot data that were acquired by LAS3000 Imager (Fig. 1) and by X-ray 
films (Fig. 4) are shown. Sections shown in the main figures are highlighted in boxes.
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