Postnatal DNA demethylation and its role in tissue maturation

Reizel et al.
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Supplementary Fig. 1. Tissue-specific de-novo methylation in hepatocytes.
Heatmap of hepatocyte-specific de novo methylated tiles (n~6,000, RRBS) in multiple
samples (n=2-7) from WT and DKO hepatocytes at different times postnatally. Also
included are samples from other adult tissues (heart, neutrophils, brain, fat). Yellow
represents high and blue represents low DNA methylation levels. Only ~400 tiles (<10%)
undergo de novo methylation postnatally as opposed to during embryonic development.
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Supplementary Fig. 2. Postnatal hepatocyte demethylation.

a Methylation (WGBS) heatmap of hepatocyte-specific tiles (n~120,000) in newborn (1wk) or
adult (15wk) WT and DKO mice, ranked according to 1wk hepatocytes and compared to DNA
from other tissues. Each column represents a mixture of four individual biological replicates. The
blue line indicates the cutoff for postnatal (n=52,000) as opposed to prenatal (h=70,000) DMRs.
The DKO was carried out by AAVS8 injection in 1d newborns. Yellow represents high and blue
represents low DNA methylation levels. b Box plot of DNA methylation levels for postnatal DMRs
in WT and DKO hepatocytes. c Distribution of DNA methylation levels at each CpG (WGBS) for
all DMRs in the liver as a function of distance from the original 100-bp tiles detected by RRBS.
96% of the DMRs are < 400bp in length. d Genomic distribution of postnatal DMRs. There is a
2.5 fold enrichment of DMRs in intragenic regions (p<0.01). e Number of intra- or intergenic
DMRs as a function of distance from the nearest TSS in the genome (annotatePeak).

f Distribution of 5hmC in WT hepatoctyes (3wk) as a function of distance from the center of each
prenatal (blue) or postnatal (red) DMR (RRBS, n=2,800).
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Supplementary Fig. 3. Tet2/3 DKO validation.

As an indication for Tet2/3 deletion and in order to titer viral efficiency, mice carrying
a YFP hepatocyte reporter with a flox-flanked stop codon (YFP-flox) t and WT mice
were injected with AAV8-Cre at either 1wk or 3wk and then assayed for YFP by
immunohistochemistry on liver sections about 1wk after the injection. This typically
showed >97% knockout efficiency. Quantitative PCR analysis of DNA from 20wk

DKO hepatocytes confirmed that deletion of both genes was almost complete
(>95%).



DMRs Intragenic Intergenic| Total

Gene induction Yes No

Number 8344 22659 21023 52026
Amethylation 61 59 60 60
H3K4mel (%) 94 90 85 89
H3K27ac (%) 85 70 59 68
DNase | (%) 33 27 31 30
ATAC (%) 16 23 21 21
PPARa (%) 72 65 65 66
RXR (%) 48 47 55 50
HNF4a (%) 44 45 43 44

HiC interactions with

postnatally induced genes 506 748 692 1189
(n=2077)

HiC interactions with genes

inhibited in the DKO (n=390) 108 129 158 237

Supplementary Fig. 4. Characterization of DMR chromatin structure.

DMRs were divided into three categories: 1) within gene regions that undergo
postnatal induction, 2) within gene regions that do not undergo postnatal induction
and 3) intergenic regions and then assayed for histone modification patterns
(H3K4mel, H3K27ac), accessibility (DNasel, ATAC) or transcription-factor binding
(PPARo, RXR, HNF4q) as a percent of DMRs in that category detected be the peak
finder. The number of induced-gene interactions or the number of DKO-inhibited
gene interactions in each category as determined by HiC is also shown (lower
panels). The last column represents all of the unigue interacting genes after
subtraction of overlap within the three categories. Note that these interactions can
explain approximately 60% of the methylation effects (1189/2077=57%,
237/390=61%). Over 30% of the DMRs within induced genes interact with the host
gene, while 0% of the DMRs in the non-induced genes interact with the host gene.
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Supplementary Fig. 5. Demethylation and gene expression.

Specific examples of WT (blue) hepatocyte RNA expression levels for selected genes
associated with postnatal DMRs (WGBS) as a function of time after birth and for the Tet2/Tet3
deletion (red) carried out at either 1d or 15wk. Note that in all these cases the early deletion
prevents gene induction (P<0.001 for all examples), while deletion at 15wk (after demethylation
has already taken place) has no effect on expression. The number of DMRs associated with
each gene is shown in parenthesis.
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Supplementary Fig. 6. Effect of Tet2/Tet3-DKO on local chromatin structure.
Two biological replicates from normal or DKO (1d) 15wk hepatocytes were subjected
to ATAC-Seq and HNF6 ChIP-Seq and the results, together with WGBS, mapped on
three specific gene regions. The DMRs are marked in blue. All of these genes are
induced postnatally in WT, but not DKO mice.



H3K4mel

H3K27ac

09 08
08 07
a 07 06
©
E 06 o WT
5 05
© 04 04 Tet2/3 DKO
o3 o3
02 0.2
01 01
f‘10030 -5000 0 5000 10000 ?13000 -5000 5000 10000
b Distance (bp) Distance (bp)
= 1000Kb Gdel — 5000kb  Nirpl2
L ' + ) & ! I—

— WT 1d ki b b adean dud st il e llaidodina Ml i it s s il ot it et sl bl i RTRTVINT YT
(&)
£ bl e

§ WT 15Wk .‘.‘Adﬁn cbhib e b ban 4 boant e od bt b dd uwnumm 11 b < dd ‘M.MLW ! -m&tmt....u.‘..qu. ....h..Mm.

[90] i

T DKO 15wk TR TP MMMMMMM m;‘...l.‘l..l.\.....LAI.AMJI.IIJ..I.‘.AJHJ‘MAJ.J-.. [T ..lMiun
o WTld i i i [, B Lo m, . R ......MJLM
©
N~ " h
g WT 15wk - e AR A ‘*“““‘MMM-M [NETPTIRIN PR TN Afk.m‘wmmm
o™
- k. M Mn..

DKO 15wk [ oI U R O R D i e Y PP IR (PR TP SRR | PRPRpP Ry 'mum‘ﬂl&n.,.« bk ddmt ka1 1 1
s '] . T 1 1
— 5000Kb Ctcfl —— 5000Kb Rusc2
[ [ ] -

— WT 1d | ittt e s 1 ottt o it i il b L u;uﬂh.h okl o ol w0 et bl s ks
[} Y ‘
€ ‘ ' W i i m :

§ WT 15wk (bt bk sl bkt ,A.anhdu.‘m.m...a.hmmu I;MM bl bbb il JWMM

[90]

T DKO 15wk Rttt bt bl o b st i L m‘mmmuml_m..,m. it u.‘..amm.‘ MM‘“‘LM—MMM il s s, “"M“MM
I8) WT 1d TN TR . Y TRV O L IO DU PR N oY
4 i
Q WT 15Wk i : o o al (VTR0 TV RETINT V0T VY WARP:  TYVRIR WATIT SOy O | liHMMJ‘
o
T

BT 70 S U P ,.kahAM.L
1 1

DKO 15wk P R
o

SR (YWY N

L'.x..m...‘.unmmmuu. bt bbb kb
(I} 1

Supplementary Fig. 7. Histone modification at DMRs.

a Quantitative H3K4mel and H3K27ac ChIP-Seq of DMRs measured in 15wk WT (green)
and DKO (red) hepatocytes as a function of distance from their center tile. Only DMRs
associated with genes whose expression was affected by the DKO were selected (n=1,995).
b Browser display of quantitative H3K4mel and H3K27ac on selected genes. Data for
newborn liver was derived from the ENCODE website. The location of all DMRs are

highlighted and marked in black.
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Supplementary Fig. 8. Male/female differential DMRs.

a Heatmap of 160 DMRs’ that differ between male and female in 15wk hepatocytes
showing normal and Tet2/Tet3-DKO male mice.

b RNA-Seq analysis of 88 genes associated with male-specific DMRs in normal and DKO
hepatocytes (measured at 15wk).

¢ GO analysis of genes associated with male-specific DMRs.
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Supplementary Fig. 9. DMR histone modification in other tissues.

ChIP-Seq of tissue-specific DMRs (RRBS) as a function of distance from their
center tile for H3K4mel and H3K27ac in the relevant tissue or in a mixture of other
tissues (OT) for heart, lung and hippocampus.
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.Supplementary Fig. 10. Factor binding vs. DNA methylation

DMRs for each of four different human cell lines, GM12878 (lymphoblast), H1-hESC (embryonic
stem cells), K562 (erythroleukemia) and HepG2 (liver) by identifying tiles that are >50% less
methylated (RRBS) as compared to the other three cell types. ChIP-Seq data for three different
transcription factors (EGF1, ELF1, MAX) was used to determine the binding distribution of
these factors around the DMRs (distance in bp) in each cell type. These data indicate that any
given factor binds to the undermethylated regions (DMRS) in each cell type, while the same
factor does not bind at these sites in another cell type where they are methylated. Thus, for
example, MAX binds to the H1-hESC specific DMRs in H1-hESC, but not to these same tiles in
HepG2 cells, even though the factor is present in both cell types as shown by the observation
.that MAX does bind the DMR set specific to HepG2 cells

All data was obtained from the human ENCODE project. Percent methylation was calculated for
two-hundred-base pair tiles with a minimum coverage of 10 CpGs. Tissue-specific
undermethylated regions were at least 50% less methylated in 2 out of 2 or 3 out of 4 different
tissues. ChlP-Seq peaks for each factor in each cell line were generated by Homer
.((annotatePeaks.pl



Treatment| mice strain | Age (wk) Vethods
RRBS| WGBS [RNA-Seq/ ATAC-Seq| Chip-Seq (Histone)| ChiP-Seq (Factor)|5hMeDIP-Seq
1 3 | pool (3) 2 2
3 4 3 2
6 2
WT C57hl T 1
15 4 | pool (3) 3 2 2 2
20 3
Control 1d 15 4 3
CRE |DKO 1d 15 5 | pool (3) 3 2 2 2
virus  |Control 3wk] 15 4 3
injection [DKO 3wk 15 5 3
DKO 15wk 20 3 4
in vitro 1 7

Supplementary Fig. 11. Chart of high throughput analysis.
The samples analyzed by high throughput techniques are shown together with the number
of biological replicates included in each.
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